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1 Array 24× 36

1.0.1 Parameters

• Number of elements: 24× 36 elements array, grouped in 18 clusters of 48

• Number of rows: 24

• Number of columns: 36

• Samples: u → 702, v → 462

• Evaluated tilings: T =3412

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

1.0.2 Results

Figure 1: Solution index vs Cost function
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(a) (b)

Figure 2: (a) Mask used for the computation of the cost function (b) Reference amplitudes

Best Worst

(a) (b)

(c) (d)

Index: 2443 Index: 143

Figure 3: Numerical Assessment (M = 6, N = 9, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; QI = 18 for I = 48) - Plots of

(a) optimal solution clustering and of the (b) worst solution clustering, with the respective (c) clustered excitations value

for the best solution and (d) the clustered excitations for the worst performance solution.

page 4/29



Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

Best

(a) (b) (c)

Worst

(d) (e) (f )

Fully populated

(g) (h) (i)

Figure 4: Numerical Assessment (M = 6, N = 9, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; QI = 18 for I = 48) - Plots of

normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1) for (a) the best, (d) worst and

(g) fully populated solution, along the φ = 0 [deg] plane for best (b), worst (e) and fully populated (h) cases, and along

the φ = 90 [deg] plane for the best (c), worst (f ) and fully populated (i) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

Best −18.408 33.881 0.292× 10−4 3.14 4.57
Worst −16.640 33.936 0.114× 10−3 3.07 4.50

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table I: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern featuresObtained

parameters

1.1 SLL -20 dB Symmetric Mask

L-Tromino, Second Level Clustering - Integral Difference Priority

For the second iteration it is possible to choose which tile of the “First Level” divide: the chosen criteria is to increase the

number of tiles where the difference between the clustered amplitudes and the reference amplitudes was greater.

ξq =
1

ξmax

M∑

m=1

N∑

n=1

|amn − aq|δcmnq (1)

The mask matching difference produced both by a reclustering of a single tile, Eq. 3 and by multiple tiles, Eq. 2 is then

calculated to evaluate the impact of increasing the number of clusters with the upper level clustering method:
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∆Γq
s = Γ1 − Γq

2
(2)

∆0Γ
{1,...,q}
c = Γ1 − Γ

{1,...,q}
2

(3)

∆Γ{1,...,q}
c = Γ

{1,...,q−1}
2

− Γ
{1,...,q}
2

(4)

ξq q ∆Γq
s %∆Γq

s ∆Γq
c %∆Γq

c ∆0Γ
{1,...,q}
c %∆0Γ

{1,...,q}
c

1 18 0.568× 10−5 19.43 0.568× 10−5 19.43 0.568× 10−5 19.43
0.9285 9 0.522× 10−5 17.86 0.472× 10−5 16.13 0.104× 10−4 35.56
0.9033 10 0.383× 10−5 13.10 0.520× 10−5 9.25 0.131× 10−4 44.81
0.9033 16 0.397× 10−5 13.58 0.250× 10−5 8.55 0.156× 10−4 53.36
0.8337 8 0.438× 10−5 14.98 0.200× 10−5 6.84 0.176× 10−4 60.20
0.8337 5 0.426× 10−5 14.57 0.170× 10−5 5.82 0.193× 10−4 66.02
0.6825 15 0.140× 10−5 4.79 0.090× 10−5 3.08 0.202× 10−4 69.10
0.6053 6 0.845× 10−7 0.29 0.080× 10−5 2.74 0.210× 10−4 71.84
0.6053 7 0.666× 10−7 0.23 0.060× 10−5 2.05 0.216× 10−4 73.89
0.5962 1 0.237× 10−5 8.11 0.080× 10−5 2.73 0.224× 10−4 76.62
0.5962 2 0.267× 10−5 9.13 0.110× 10−5 3.08 0.233× 10−4 79.70
0.5962 3 0.226× 10−5 7.73 0.060× 10−5 2.06 0.239× 10−4 81.76
0.5962 4 0.222× 10−5 7.59 0.050× 10−5 1.71 0.244× 10−4 83.47
0.5623 17 −0.951× 10−6 −3.25 0.110× 10−5 3.76 0.255× 10−4 87.23
0.5289 12 −0.332× 10−6 −1.14 0.040× 10−5 1.37 0.259× 10−4 88.60
0.5289 14 −0.546× 10−6 −1.87 0.020× 10−5 0.68 0.261× 10−4 89.28
0.4976 11 0.66× 10−6 2.26 0.040× 10−5 1.37 0.265× 10−4 90.65
0.4813 13 −0.42× 10−6 −1.44 0.010× 10−5 0.34 0.266× 10−4 90.99

Table II: Re-Clustering priority and obtained Mask Matching

Figure 5: Integral difference priority for all tiles

The decision of the number of tiles to recluster can be taken looking at the graphs that represent the variation for each

newly reclustered tile: when reclustering no longer improves the Γ parameter the reclustering process should be stopped.
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%
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(a) (b)

Figure 6: Effect on ∆Γ of the second level tiling (a) for the single second level clustered tile and (b) for the cumulative

second level clustering of the tiles

(a) (b)

Figure 7: Effect on %∆Γ of the second level tiling (a) for the single second level clustered tile and (b) for the cumulative

second level clustering of the tiles

Figure 8: ∆Γ variations for single second level tile (red), for cumulative tiling with respect to the previous tile (green)

and cumulative with respect to the first level tiling
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A brief resume of the obtained results is shown to prove the effects of the cumulative reclustering:

(a) (b) (c) (d) (e)

(f) (g) (h) (i) (j)

(k) (l) (m) (n) (o)

Figure 9: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]) - Plots of: (a) clustered

amplitudes, power pattern along (f ) the φ = 0 [deg] plane and (k) φ = 90 [deg] plane for one cluster tiled with II level

subclusters; (b) clustered amplitudes, power pattern along (g) the φ = 0 [deg] plane and (l) φ = 90 [deg] plane for two

clusters tiled with II level subclusters; (c) clustered amplitudes, power pattern along (h) the φ = 0 [deg] plane and (m)

φ = 90 [deg] plane for six clusters tiled with II level subclusters; (d) clustered amplitudes, power pattern along (i) the

φ = 0 [deg] plane and (n) φ = 90 [deg] plane for twelve clusters tiled with II level subclusters; (e) clustered amplitudes,

power pattern along (j) the φ = 0 [deg] plane and (o) φ = 90 [deg] plane for all clusters tiled with II level subclusters;

I level II level - 1 tile II level - 2 tiles II level - 6 tiles II level - 12 tiles II level - All tiles

0.292× 10−4 0.236× 10−4 0.189× 10−4 0.998× 10−5 0.529× 10−5 0.267× 10−5

Table III: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]) - Comparison of the obtained

Mask Matching (Γ) obtained for the test cases

(a) (b)

Figure 10: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]) - Plots of: (a) power pattern

along (a) the φ = 0 [deg] plane and (b) φ = 90 [deg] plane for all the test cases
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Parameters - II level clustering on the highest priority tile:

• Number of elements: 24× 36 elements array

• Number of rows: M = 24 Number of columns: N = 36

• Number of clusters: σ1 = 17, σ2 = 4

• Clusters elements: γ1 = 48, γ2 = 12

• Samples: u → 702, v → 462

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

(a) (b)

Figure 11: (a) Mask used for the computation of the cost function (b) Reference amplitudes

I level tiling II level tiling

(a) (b)

(c) (d)

Figure 12: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ1 = 17 and σ1 = 4 for

γ1 = 48 and γ2 = 12 ) - Plots of (a) optimal solution clustering only with I level tiles and of the (b) same solution

clustering with one cluster tiled with II level subclusters, with the respective (c) clustered excitations value for the I level

solution and (d) the clustered excitations for the II level solution.
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Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

I level tiling

(a) (b) (c)

II level tiling: 1
(d) (e) (f )

Comparison

(g) (h)

Figure 13: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ1 = 17 and σ2 = 4 for

γ1 = 48 and γ2 = 24) - Plots of normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1)

for (a) the I level clustering, (d) II level clustering and, along the φ = 0 [deg] plane for I level (b), II level (e) and the

comparison between both (g) cases, and along the φ = 90 [deg] plane for I level (c), II level (f ) and comparison between

both (h) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

I level −18.408 33.881 0.292× 10−4 3.14 4.57
II level −18.392 33.874 0.236× 10−4 3.14 4.59

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table IV: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern features
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Parameters - II level clustering on the two highest priority tiles:

• Number of elements: 24× 36 elements array

• Number of rows: M = 24 Number of columns: N = 36

• Number of clusters: σ1 = 16, σ2 = 8

• Clusters elements: γ1 = 48, γ2 = 12

• Samples: u → 702, v → 462

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

(a) (b)

Figure 14: (a) Mask used for the computation of the cost function (b) Reference amplitudes

I level tiling II level tiling

(a) (b)

(c) (d)

Figure 15: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ1 = 16 and σ2 = 8 for

γ1 = 48 γ2 = 12) - Plots of (a) optimal solution clustering only with I level tiles and of the (b) same solution clustering

with two clusters tiled with II level subclusters, with the respective (c) clustered excitations value for the I level solution

and (d) the clustered excitations for the II level solution.
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Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

I level tiling

(a) (b) (c)

II level tiling: 1
(d) (e) (f )

Comparison

(g) (h)

Figure 16: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ1 = 16 and σ2 = 8 for

γ1 = 48 γ2 = 12) - Plots of normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1)

for (a) the I level clustering, (d) II level clustering and, along the φ = 0 [deg] plane for I level (b), II level (e) and the

comparison between both (g) cases, and along the φ = 90 [deg] plane for I level (c), II level (f ) and comparison between

both (h) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

I level −18.408 33.881 0.292× 10−4 3.14 4.57
II level −18.391 33.868 0.189× 10−4 3.14 4.61

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table V: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern features
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Parameters - II level clustering on the six highest priority tiles:

• Number of elements: 24× 36 elements array

• Number of rows: M = 24 Number of columns: N = 36

• Number of clusters: σ1 = 12, σ2 = 24

• Clusters elements: γ1 = 48, γ2 = 12

• Samples: u → 702, v → 462

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

(a) (b)

Figure 17: (a) Mask used for the computation of the cost function (b) Reference amplitudes

I level tiling II level tiling

(a) (b)

(c) (d)

Figure 18: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ1 = 12 and σ2 = 24
for γ1 = 48 and γ2 = 12) - Plots of (a) optimal solution clustering only with I level tiles and of the (b) same solution

clustering with six clusters tiled with II level subclusters, with the respective (c) clustered excitations value for the I level

solution and (d) the clustered excitations for the II level solution.
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Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

I level tiling

(a) (b) (c)

II level tiling: 1
(d) (e) (f )

Comparison

(g) (h)

Figure 19: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ1 = 12 and σ2 = 24 for

γ1 = 48 and γ2 = 12) - Plots of normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1)

for (a) the I level clustering, (d) II level clustering and, along the φ = 0 [deg] plane for I level (b), II level (e) and the

comparison between both (g) cases, and along the φ = 90 [deg] plane for I level (c), II level (f ) and comparison between

both (h) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

I level −18.408 33.881 0.292× 10−4 3.14 4.57
II level −18.324 33.851 0.998× 10−5 3.14 4.66

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table VI: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern features
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Parameters - II level clustering on the twelve highest priority tiles:

• Number of elements: 24× 36 elements array

• Number of rows: M = 24 Number of columns: N = 36

• Number of clusters: σ1 = 6, σ2 = 48

• Clusters elements: γ1 = 48, γ2 = 12

• Samples: u → 702, v → 462

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

(a) (b)

Figure 20: (a) Mask used for the computation of the cost function (b) Reference amplitudes

I level tiling II level tiling

(a) (b)

(c) (d)

Figure 21: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ1 = 6 and σ2 = 48 for

γ1 = 48 and γ2 = 12) - Plots of (a) optimal solution clustering only with I level tiles and of the (b) same solution

clustering with twelve clusters tiled with II level subclusters, with the respective (c) clustered excitations value for the I

level solution and (d) the clustered excitations for the II level solution.
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Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

I level tiling

(a) (b) (c)

II level tiling: 1
(d) (e) (f )

Comparison

(g) (h)

Figure 22: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ1 = 6 and σ2 = 48 for

γ1 = 48 and γ2 = 12) - Plots of normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1)

for (a) the I level clustering, (d) II level clustering and, along the φ = 0 [deg] plane for I level (b), II level (e) and the

comparison between both (g) cases, and along the φ = 90 [deg] plane for I level (c), II level (f ) and comparison between

both (h) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

I level −18.408 33.881 0.292× 10−4 3.14 4.57
II level −18.657 33.837 0.529× 10−5 3.15 4.69

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table VII: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern features
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Parameters - II level clustering on all tiles:

• Number of elements: 24× 36 elements array

• Number of rows: M = 24 Number of columns: N = 36

• Number of clusters:σ2 = 72

• Clusters elements: γ2 = 12

• Samples: u → 702, v → 462

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

(a) (b)

Figure 23: (a) Mask used for the computation of the cost function (b) Reference amplitudes

I level tiling II level tiling on: all tiles

(a) (b)

(c) (d)

Figure 24: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ2 = 72 γ2 = 12 ) - Plots of

(a) optimal solution clustering only with I level tiles and of the (b) same solution clustering for all the tiles tiled with II

level subclusters, with the respective (c) clustered excitations value for the I level solution and (d) the clustered excitations

for the II level solution.
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Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

I level tiling

(a) (b) (c)

II level tiling: All

(d) (e) (f )

Comparison

(g) (h)

Figure 25: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; σ2 = 72 for γ2 = 12) - Plots

of normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1) for (a) the I level clustering,

(d) II level clustering and, along the φ = 0 [deg] plane for I level (b), II level (e) and the comparison between both (g)

cases, and along the φ = 90 [deg] plane for I level (c), II level (f ) and comparison between both (h) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

I level −18.408 33.881 0.292× 10−4 3.14 4.57
II level −19.563 33.825 0.267× 10−5 3.16 4.72

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table VIII: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern features
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Third Level Clustering

If Γ is lower once a second level tile is third level clustered we can keep reclustering, otherwise there are two op-

tions/algorithms

1. Change reclustered tile until one that lowers Γ is found

2. Stop when Γ increases (even once)

Using the same priority criteria of Sect. 1.1 (Integral Difference) the priority has been computed each time a new tile

has been reclustered from first to second level, to find out if there were third level reclusterings with higher priority than

second level.

The results show that no third level reclustering has higher priority than second level ones.

Three experiments have been performed starting from already studied results.

Starting Point: 6 Second Level Tiles Starting from the array clustered with 6 second level clustered tiles, third level

clustering has been applied.

Using algorithm 1) the results are shown in the following table:

Iteration Initial Γ 1 Tile q1 2 Tiles q2

1 0.998× 10−5 0.967× 10−5 18 0.977× 10−5 24

2 0.977× 10−5 16

3 0.973× 10−5 29

4 0.965× 10−5 8

Table IX: Results for Algorithm 1)

Using algorithm 2) the results are shown in the following table:

Initial Γ 1 Tile q 2 Tiles q 4 Tiles q

0.998× 10−5 0.967× 10−5 18 0.977× 10−5 24 0.973× 10−5 29+16

Table X: Results for Algorithm 2)

Starting Point: 12 Second Level Tiles Starting from the array clustered with 12 second level clustered tiles, third level

clustering has been applied.

Using algorithm 1) the results are shown in the following table:

Iteration Initial Γ 1 Tile q1 2 Tiles q2

1 0.529× 10−5 0.506× 10−5 18 0.507× 10−5 24

2 0.513× 10−5 16

3 0.511× 10−5 29

4 0.508× 10−5 8

Table XI: Results for Algorithm 1)

Using algorithm 2) the results are shown in the following table:
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Initial Γ 1 Tile q 2 Tiles q 4 Tiles q

0.529× 10−5 0.506× 10−5 18 0.507× 10−5 24 0.537× 10−5 29+16

Table XII: Results for Algorithm 2)

L-Tromino, Second Level Clustering - Amplitude Difference Priority

For the second iteration it is possible to choose which tile of the “First Level” divide: the chosen criteria is to increase

the number of tiles where the difference between the amplitudes in the same cluster is larger: following this method the

results are the following:

Figure 26: Difference between amplitudes in the same cluster
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1.1.1 Parameters - II level clustering on the two highest priority tiles:

• Number of elements: 24 × 36 elements array, grouped in 24 clusters: two clusters of 12 elements and 16 of 48

elements

• Number of rows: 24

• Number of columns: 36

• Samples: u → 702, v → 462

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

(a) (b)

Figure 27: (a) Mask used for the computation of the cost function (b) Reference amplitudes

Best I level tiling

(a) (b)

(c) (d)

Figure 28: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; QI = 16 and QII = 8
for I = 48 and II = 12 ) - Plots of (a) optimal solution clustering only with I level tiles and of the (b) same solution

clustering with the two highest priority tiles tiled with II level subclusters, with the respective (c) clustered excitations

value for the I level solution and (d) the clustered excitations for the II level solution.
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Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

I level tiling

(a) (b) (c)

II level tiling

(d) (e) (f )

Comparison

(g) (h)

Figure 29: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; QI = 16 and QII = 8 for

I = 48 and II = 24) - Plots of normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1)

for (a) the I level clustering, (d) II level clustering and, along the φ = 0 [deg] plane for I level (b), II level (e) and the

comparison between both (g) cases, and along the φ = 90 [deg] plane for I level (c), II level (f ) and comparison between

both (h) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

I level −18.408 33.881 0.292× 10−4 3.14 4.57
II level −18.911 33.876 0.307× 10−4 3.14 4.58

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table XIII: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern features
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1.1.2 Parameters - II level clustering on all tiles:

• Number of elements: 24× 36 elements array, grouped in 72 clusters of 12 elements

• Number of rows: 24

• Number of columns: 36

• Samples: u → 702, v → 462

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

(a) (b)

Figure 30: (a) Mask used for the computation of the cost function (b) Reference amplitudes

I level tiling II level tiling on: all tiles

(a) (b)

(c) (d)

Figure 31: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; QII = 72 II = 12 ) - Plots

of (a) optimal solution clustering only with I level tiles and of the (b) same solution clustering for all the tiles tiled with II

level subclusters, with the respective (c) clustered excitations value for the I level solution and (d) the clustered excitations

for the II level solution.
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Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

I level tiling

(a) (b) (c)

II level tiling: All

(d) (e) (f )

Comparison

(g) (h)

Figure 32: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; QII = 72 for II = 24) - Plots

of normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1) for (a) the I level clustering,

(d) II level clustering and, along the φ = 0 [deg] plane for I level (b), II level (e) and the comparison between both (g)

cases, and along the φ = 90 [deg] plane for I level (c), II level (f ) and comparison between both (h) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

I level −18.408 33.881 0.292× 10−4 3.14 4.57
II level −19.563 33.825 0.267× 10−5 3.16 4.72

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table XIV: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern features
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1.1.3 Parameters - II level clustering on a low priority tile:

• Number of elements: 24 × 36 elements array, grouped in 21 clusters: one cluster of 12 elements and 17 of 48

elements

• Number of rows: 24

• Number of columns: 36

• Samples: u → 702, v → 462

• Elements spacing: dx = dy = 0.5λ

The cost function only considers the mask matching.

(a) (b)

Figure 33: (a) Mask used for the computation of the cost function (b) Reference amplitudes

I level tiling II level tiling on: tile 1

(a) (b)

(c) (d)

Figure 34: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; QI = 17 and QII = 4 for

II = 12 ) - Plots of (a) optimal solution clustering only with I level tiles and of the (b) same solution clustering with

one single low priority tile tiled with II level subclusters, with the respective (c) clustered excitations value for the I level

solution and (d) the clustered excitations for the II level solution.
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Solution 2D Pattern u(0) Beam pattern cut v(0) Beam pattern cut

I level tiling

(a) (b) (c)

II level tiling: 1
(d) (e) (f )

Comparison

(g) (h)

Figure 35: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg]; QI = 17 and QII = 4 for

I = 48 and II = 24) - Plots of normalized power pattern radiated in the whole angular range (−1 ≤ u ≤ 1, −1 ≤ v ≤ 1)

for (a) the I level clustering, (d) II level clustering and, along the φ = 0 [deg] plane for I level (b), II level (e) and the

comparison between both (g) cases, and along the φ = 90 [deg] plane for I level (c), II level (f ) and comparison between

both (h) solution

Solution SLL [dB] Max. Directivity [dBi] Mask Matching HPBW (AZ) [deg] HPBW (EL) [deg]

I level −18.408 33.881 0.292× 10−4 3.14 4.57
II level −18.400 33.878 0.272× 10−4 3.14 4.58

Fully populated −19.958 33.828 0.393× 10−9 3.17 4.77

Table XV: Numerical Assessment (M = 24, N = 36, d = 0.5λ, (θ0,φ0)=(0.0, 0.0) [deg] - Pattern features
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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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