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1 Numerial Results

1.1 OTM - Integer - Hexagon (10,10,10) - Mask Mathing - Broadside - dy2 = 0.5λ

Array Geometry
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Figure 1: Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 = 0.5λ, N tot
c = 800, N tot

p = 441, N
(bound)
p =

61, a = 10, b = 10, c = 10 − Array Geometry

Referene Array, Convex Programming Exitations

Test ase parameters

• Number of array elements - Ntot = 

• Element spaing along x - dx = 0.22λ

• Element spaing along y1 - dy1 = 0.25λ

• Element spaing along y2 - dy2 = 0.5λ

• Pointing Diretion - θ0 = 0◦

• Pointing Diretion - φ0 = 0◦

• Pointing Diretion - u0 = 0

• Pointing Diretion - v0 = 0

• A side length - a = 10

• B side length - b = 10

• C side length - c = 10
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Mask Constraints
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Figure 2: Mask Power Pattern in broadside diretion (θ, φ) = (0, 0) [deg]: (a) 2D, (b) Normalized ut along

azimuth diretion, () Normalized ut along elevation diretion.

Array Tiling

Goal

Applying OTM algorithm with lozenge tiles enoded as integer strings.

Software Parameters

The parameters are:

• Number of array elements - Ntot = 

• Element spaing along x - dx = 0.22λ

• Element spaing along y1 - dy1 = 0.25λ

• Element spaing along y2 - dy2 = 0.5λ

• Side's domain - Ld = 20λ

• Points number - N tot
p = 441

• Points along x - Mp = 21

• Points along y - Np = 21

• Total ells number - N tot
c = 800

• Cells along x - Mc = 40

• Cells along y - Nc = 20

• Boundary points - N
(bound)
p = 61

• Samples along u - Nu = 256
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• Samples along v - Nv = 256

• SLL weight - wSLL = 0.0

• Diretivity weight - wD = 0

• HPBW weight azimuth - wazm
HPBW = 0.0

• HPBW weight elevation - welv
HPBW = 0.0

• Mask weight - wmask = 1.0

• Cell elements - Nel = 1

• Pointing Diretion - θ0 = 0◦

• Pointing Diretion - φ0 = 0◦

• Pointing Diretion - u0 = 0

• Pointing Diretion - v0 = 0

• A side length - a = 10

• B side length - b = 10

• C side length - c = 10

• A side length in λ - La = 4.33λ

• B side length in λ- Lb = 4.33λ

• C side length in λ- Lc = 4.33λ

• Tiling on�gurations - T = 9.27× 1033

• Number of unknows - Nu = 271

• Maximum of word max - Umax = 10

• Number of trials (seed) - Nseed = 105

• Number of individuals - NI = 272

• Number of shemata - Nsch = 56

• Cross-Over probability - pcx = 0.9

• Mutation probability - pm = 0.001

• Diversity Perentage - d% = 7%
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Results

 52

 53

 54

 55

 56

 57

 58

 59

 60

 61

 0  100  200  300  400  500  600  700  800  900  1000
F

itn
es

s 
χ(k

)  [x
10

-7
]

Iteration Index, k

GA-1
GA-2
GA-3

GA-4
GA-5
GA-6

GA-7
GA-8
GA-9

GA-10

Figure 3: Fitness for 10 best seeds

GA Seed SLL [dB℄ HPBW (az) [deg℄ HPBW (el) [deg℄ D [dB℄ Fitness Value

1 0.199 −33.52 8.997 8.927 26.773 5.208× 10−6

2 0.259 −33.52 8.997 8.927 26.773 5.208× 10−6

3 0.378 −33.52 8.997 8.927 26.773 5.208× 10−6

4 0.440 −33.52 8.997 8.927 26.773 5.208× 10−6

5 0.5 −33.52 8.997 8.927 26.773 5.208× 10−6

6 0.024 −33.59 8.998 8.929 26.772 5.283× 10−6

7 0.0 −33.59 8.998 8.929 26.772 5.283× 10−6

8 0.152 −33.59 8.998 8.929 26.772 5.283× 10−6

9 0.222 −33.59 8.998 8.929 26.772 5.283× 10−6

10 0.225 −33.59 8.998 8.929 26.772 5.283× 10−6

Table 3: Solution Parameters of Radiation Pattern along (θ0, φ0) = (0, 0) [deg]

Fig. 3 rappresents the �tness value for 10 best seeds.

I analyzed the solution (seed) that permits to reah the minimum �tness value. The solutions analized orre-

sponds to seed = {0.199; 0.259; 0.378; 0.440; 0.5}.

6



Broadside Analysis

Tiling Amplitudes Phases
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Tiling Amplitudes Phases
S
e
e
d
:
0
.3
7
8

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4

y/
λ

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4

y/
λ

 0

 0.2

 0.4

 0.6

 0.8

 1

E
xc

ita
tio

n 
A

m
pl

itu
de

 [a
rb

itr
ar

y 
un

it]

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4

y/
λ

-π

-π/2

 0

π/2

π

E
xc

ita
tio

n 
P

ha
se

 [d
eg

]

S
e
e
d
:
0
.4
4
0

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4

y/
λ

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4

y/
λ

 0

 0.2

 0.4

 0.6

 0.8

 1

E
xc

ita
tio

n 
A

m
pl

itu
de

 [a
rb

itr
ar

y 
un

it]

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4

y/
λ

-π

-π/2

 0

π/2

π

E
xc

ita
tio

n 
P

ha
se

 [d
eg

]

S
e
e
d
:
0
.5

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4

y/
λ

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4

y/
λ

 0

 0.2

 0.4

 0.6

 0.8

 1

E
xc

ita
tio

n 
A

m
pl

itu
de

 [a
rb

itr
ar

y 
un

it]

-4 -2  0  2  4

x/λ

-4

-3

-2

-1

 0

 1

 2

 3

 4
y/

λ

-π

-π/2

 0

π/2

π

E
xc

ita
tio

n 
P

ha
se

 [d
eg

]

Figure 4: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (0, 0) [deg] − Solution ID.: Referene, Seed 0.199, Seed 0.259, Seed

0.378, Seed 0.440, Seed 0.5

The best solutions have the same tiling on�guration, so the radiation properties are the same, so I analyze

only the �rst solution with seed = {0.199}.
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Amplitudes Pattern φ = 0 [deg] Pattern φ = 90 [deg]
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Figure 5: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (0, 0) [deg] − Solution ID.: Referene, Seed 0.199

Steering Analysis

Amplitudes Pattern (θ, φ)= (90, 0) [deg] Phases
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Figure 6: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 0) [deg] − Solution ID.: Referene, Seed 0.199
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Amplitudes Pattern (θ, φ) = (90, 30) [deg] Phases
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Figure 7: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 30) [deg] − Solution ID.: Referene, Seed 0.199

Amplitudes Pattern (θ, φ) = (90, 37) [deg] Phases
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Figure 8: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 37) [deg] − Solution ID.: Referene, Seed 0.199

10



Amplitudes Pattern (θ, φ) = (90, 45) [deg] Phases
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Figure 9: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 45) [deg] − Solution ID.: Referene, Seed 0.199

Amplitudes Pattern (θ, φ) = (90, 90) [deg] Phases
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Figure 10: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 90) [deg] − Solution ID.: Referene, Seed 0.199
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Solutions Summary

(a, b, ) MAX_ITE (# iterations) △τ [sec] (single simulation period) τ [sec] total simulation period

10, 10, 10 1000 0.050148 50.148

Table 12: Simulation Time

SOLUTION ID SLL [dB℄ HPBW (azimuth) [deg℄ HPBW (elevation) [deg℄ D [dB℄ Mask Fitting

Referene −34.788 9.003 8.914 26.791 0
Seed 0.199 −33.52 8.997 8.927 26.773 5.208× 10−6

Seed 0.259 −33.52 8.997 8.927 26.773 5.208× 10−6

Seed 0.378 −33.52 8.997 8.927 26.773 5.208× 10−6

Seed 0.440 −33.52 8.997 8.927 26.773 5.208× 10−6

Seed 0.5 −33.52 8.997 8.927 26.773 5.208× 10−6

Table 13: SLL, HPBWaz , HPBWel, D, Mask F itting of Radiation Pattern along (θ0, φ0) = (0, 0) [deg]
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1.2 OTM - Integer - Hexagon (10,10,10) - Mask Mathing - Steering (θ, φ) =

(30, 0) [deg]

Array Geometry
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Figure 11: Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 = 0.5λ, N tot
c = 800, N tot

p = 441, N
(bound)
p =

61, a = 10, b = 10, c = 10 − Array Geometry

Referene Array, Convex Programming Exitations

Test ase parameters

The parameters are:

• Number of array elements - Ntot = 

• Element spaing along x - dx = 0.22λ

• Element spaing along y1 - dy1 = 0.25λ

• Element spaing along y2 - dy2 = 0.5λ

• Pointing Diretion - θ0 = 30◦

• Pointing Diretion - φ0 = 0◦

• Pointing Diretion - u0 = 0.5

• Pointing Diretion - v0 = 0

• A side length - a = 10

• B side length - b = 10

• C side length - c = 10
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Mask Constraints
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Figure 12: Mask Power Pattern in broadside diretion (θ, φ) = (30, 0) [deg]: (a) 2D, (b) Normalized ut along

azimuth diretion, () Normalized ut along elevation diretion.

Array Tiling

Goal

Applying OTM algorithm with lozenge tiles enoded as integer strings.

Software Parameters

• Number of array elements - Ntot = 

• Element spaing along x - dx = 0.22λ

• Element spaing along y1 - dy1 = 0.25λ

• Element spaing along y2 - dy2 = 0.5λ

• Side's domain - Ld = 20λ

• Points number - N tot
p = 441

• Points along x - Mp = 21

• Points along y - Np = 21

• Total ells number - N tot
c = 800

• Cells along x - Mc = 40

• Cells along y - Nc = 20

• Boundary points - N
(bound)
p = 61

• Samples along u - Nu = 256

• Samples along v - Nv = 256
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• SLL weight - wSLL = 0.0

• Diretivity weight - wD = 0

• HPBW weight azimuth - wazm
HPBW = 0.0

• HPBW weight elevation - welv
HPBW = 0.0

• Mask weight - wmask = 1.0

• Cell elements - Nel = 1

• Pointing Diretion - θ0 = 30◦

• Pointing Diretion - φ0 = 0◦

• Pointing Diretion - u0 = 0.5

• Pointing Diretion - v0 = 0

• A side length - a = 10

• B side length - b = 10

• C side length - c = 10

• A side length in λ - La = 4.33λ

• B side length in λ- Lb = 4.33λ

• C side length in λ- Lc = 4.33λ

• Tiling on�gurations - T = 9.27× 1033

• Number of unknows - Nu = 271

• Maximum of word max - Umax = 10

• Number of trials (seed) - Nseed = 105

• Number of individuals - NI = 272

• Number of shemata - Nsch = 56

• Cross-Over probability - pcx = 0.9

• Mutation probability - pm = 0.001

• Diversity Perentage - d% = 7%
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Results
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Figure 13: Fitness for 10 best seeds

GA Seed SLL [dB℄ HPBW (az) [deg℄ HPBW (el) [deg℄ D [dB℄ Fitness Value

1 0.25 −33.542 8.995 8.927 26.774 1.589× 10−5

2 0.126 −33.383 8.993 8.923 26.777 1.621× 10−5

3 0.846 −33.383 8.993 8.923 26.777 1.621× 10−5

4 0.222 −33.527 8.995 8.926 26.775 1.622× 10−5

5 0.067 −33.531 8.995 8.927 26.775 1.629× 10−5

6 0.231 −33.531 8.995 8.927 26.775 1.629× 10−5

7 0.326 −33.371 8.993 8.923 26.777 1.685× 10−5

8 0.087 −33.712 8.996 8.929 26.773 1.689× 10−5

9 0.551 −33.423 8.994 8.923 26.776 1.758× 10−5

10 0.724 −33.423 8.994 8.923 26.776 1.758× 10−5

Table 16: Solution Parameters of Radiation Pattern along (θ0, φ0) = (30, 0) [deg]

Fig. 13rappresents the �tness value for 10 best seeds.

I analyzed the solution (seed) that permits to reah the minimum �tness value. The �tness analized orresponds

to seed = {0.25}.
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Broadside Analysis

Tiling Amplitudes Phases
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Figure 14: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (0, 0) [deg] − Solution ID.: Referene, Seed 0.25

Amplitudes Pattern φ = 0 [deg] Pattern φ = 90 [deg]
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Figure 15: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (0, 0) [deg] − Solution ID.: Referene, Seed 0.25
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Steering Analysis

Amplitudes Pattern (θ, φ) = (30, 0) [deg] Phases
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Figure 16: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (30, 0) [deg] − Solution ID.: Referene, Seed 0.25

Solutions Summary

(a, b, ) MAX_ITE (# iterations) △τ [sec] (single simulation period) τ [sec] total simulation period

10, 10, 10 1000 0.038459 38.459

Table 20: Simulation Time

SOLUTION ID SLL [dB℄ HPBW (azimuth) [deg℄ HPBW (elevation) [deg℄ D [dB℄ Mask Fitting

Referene −34.788 10.415 8.914 26.132 0
Seed 0.25 −33.542 8.995 8.927 26.774 1.589× 10−5

Table 21: SLL, HPBWaz, HPBWel, D, Mask F itting of Radiation Pattern along (θ0, φ0) = (30, 0) [deg]

Conlusion

The solution with OTM-GA [Se. 1.2℄ is a good hoie respet to ETM for the same array arhiteture; beause

it is possible to obtain good results with less omputational e�ort.
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1.3 OTM - Integer - Hexagon (10,10,10) - Mask Mathing - Steering (θ, φ) =

(30, 0) [deg] - Markov Init. NI = 272

Array Geometry
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Figure 17: Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 = 0.5λ, N tot
c = 800, N tot

p = 441, N
(bound)
p =

61, a = 10, b = 10, c = 10 − Array Geometry

Referene Array, Convex Programming Exitations

Test ase parameters

• Number of array elements - Ntot = 

• Element spaing along x - dx = 0.22λ

• Element spaing along y1 - dy1 = 0.25λ

• Element spaing along y2 - dy2 = 0.5λ

• Pointing Diretion - θ0 = 30◦

• Pointing Diretion - φ0 = 0◦

• Pointing Diretion - u0 = 0.5

• Pointing Diretion - v0 = 0

• A side length - a = 10

• B side length - b = 10

• C side length - c = 10
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Mask Constraints
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Figure 18: Mask Power Pattern in broadside diretion (θ, φ) = (30, 0) [deg]: (a) 2D, (b) Normalized ut along

azimuth diretion, () Normalized ut along elevation diretion.

Array Tiling

Goal

Applying OTM algorithm with lozenge tiles enoded as integer strings.

Software Parameters

The parameters are:

• Number of array elements - Ntot = 

• Element spaing along x - dx = 0.22λ

• Element spaing along y1 - dy1 = 0.25λ

• Element spaing along y2 - dy2 = 0.5λ

• Side's domain - Ld = 20λ

• Points number - N tot
p = 441

• Points along x - Mp = 21

• Points along y - Np = 21

• Total ells number - N tot
c = 800

• Cells along x - Mc = 40

• Cells along y - Nc = 20

• Boundary points - N
(bound)
p = 61

• Samples along u - Nu = 256
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• Samples along v - Nv = 256

• SLL weight - wSLL = 0.0

• Diretivity weight - wD = 0

• HPBW weight azimuth - wazm
HPBW = 0.0

• HPBW weight elevation - welv
HPBW = 0.0

• Mask weight - wmask = 1.0

• Cell elements - Nel = 1

• Pointing Diretion - θ0 = 30◦

• Pointing Diretion - φ0 = 0◦

• Pointing Diretion - u0 = 0.5

• Pointing Diretion - v0 = 0

• A side length - a = 10

• B side length - b = 10

• C side length - c = 10

• A side length in λ - La = 4.33λ

• B side length in λ- Lb = 4.33λ

• C side length in λ- Lc = 4.33λ

• Tiling on�gurations - T = 9.27× 1033

• Number of unknows - Nu = 271

• Maximum of word max - Umax = 10

• Number of trials (seed) - Nseed = 105

• Number of individuals - NI = 272

• Number of �ips - Nflips = 200

• Cross-Over probability - pcx = 0.9

• Mutation probability - pm = 0.001
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Results
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Figure 19: Fitness for 10 best seeds

GA Seed SLL [dB℄ HPBW (az) [deg℄ HPBW (el) [deg℄ D [dB℄ Fitness Value

1 0.0 −33.739 8.997 8.929 26.773 1.667× 10−5

2 0.15 −33.739 8.997 8.929 26.773 1.667× 10−5

3 0.205 −33.739 8.997 8.929 26.773 1.667× 10−5

4 0.222 −33.739 8.997 8.929 26.773 1.667× 10−5

5 0.283 −33.739 8.997 8.929 26.773 1.667× 10−5

6 0.440 −33.739 8.997 8.929 26.773 1.667× 10−5

7 0.441 −33.739 8.997 8.929 26.773 1.667× 10−5

8 0.45 −33.739 8.997 8.929 26.773 1.667× 10−5

9 0.597 −33.739 8.997 8.929 26.773 1.667× 10−5

10 0.649 −33.739 8.997 8.929 26.773 1.667× 10−5

Table 24: Solution Parameters of Radiation Pattern along (θ0, φ0) = (30, 0) [deg]

Fig. 19rappresents the �tness value for 10 best seeds.

I analyzed the solution (seed) that permits to reah the minimum �tness value. The �tness analized orresponds

to all seed indiate in the table.
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Tiling Amplitudes Phases
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Figure 20: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (0, 0) [deg] − Solution ID.: Referene, Seed 0.0, Seed 0.15, Seed 0.205,

Seed 0.222, Seed 0.283, Seed 0.440, Seed 0.441, Seed 0.45, Seed 0.597, Seed 0.649

The best solutions have the same tiling on�guration, so the radiation properties are the same, so I analyze

only the �rst solution with seed = {0.0}.

25



Amplitudes Pattern φ = 0 [deg] Pattern φ = 90 [deg]
R
e
fe
r
e
n
c
e

-60

-50

-40

-30

-20

-10

 0

-1 -0.5  0  0.5  1

N
or

m
al

iz
ed

 P
ow

er
 P

at
te

rn
 [d

B
]

u = sin(θ)cos(φ)

φ = 0 [deg]

Power Pattern

-60

-50

-40

-30

-20

-10

 0

-1 -0.5  0  0.5  1

N
or

m
al

iz
ed

 P
ow

er
 P

at
te

rn
 [d

B
]

v = sin(θ)sin(φ)

φ = 90 [deg]

Power Pattern

S
e
e
d
:
0
.0

-60

-50

-40

-30

-20

-10

 0

-1 -0.5  0  0.5  1

N
or

m
al

iz
ed

 P
at

te
rn

 [d
B

]

u=sin(θ)cos(φ)

φ = 0 [deg]

Tiled

Reference

-60

-50

-40

-30

-20

-10

 0

-1 -0.5  0  0.5  1

N
or

m
al

iz
ed

 P
at

te
rn

 [d
B

]

v=sin(θ)sin(φ)

φ = 90 [deg]

Tiled

Reference

Figure 21: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (0, 0) [deg] − Solution ID.: Referene, Seed 0.0

Steering Analysis
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Figure 22: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (30, 0) [deg] − Solution ID.: Referene, Seed 0.0
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Solutions Summary

(a, b, ) MAX_ITE (# iterations) △τ [sec] (single simulation period) τ [sec] total simulation period

10, 10, 10 1000 0.091410 91.410

Table 30: Simulation Time

SOLUTION ID SLL [dB℄ HPBW (azimuth) [deg℄ HPBW (elevation) [deg℄ D [dB℄ Mask Fitting

Referene −34.788 10.415 8.914 26.132 0
Seed 0.0 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.15 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.205 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.222 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.283 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.440 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.441 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.45 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.597 −33.739 8.997 8.929 26.773 1.667× 10−5

Seed 0.649 −33.739 8.997 8.929 26.773 1.667× 10−5

Table 31: SLL, HPBWaz, HPBWel, D, Mask F itting of Radiation Pattern along (θ0, φ0) = (30, 0) [deg]
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1.4 OTM - Integer - Hexagon (10,10,10) - Mask Mathing - Broadside - dy2 = 0.5λ

- Markov Init. NI = 542

Array Geometry

-4

-3

-2

-1

 0

 1

 2

 3

 4

-5 -4 -3 -2 -1  0  1  2  3  4  5

y/
λ

x/λ

Figure 23: Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 = 0.5λ, N tot
c = 800, N tot

p = 441, N
(bound)
p =

61, a = 10, b = 10, c = 10 − Array Geometry

Referene Array, Convex Programming Exitations

Test ase parameters

• Number of array elements - Ntot = 

• Element spaing along x - dx = 0.22λ

• Element spaing along y1 - dy1 = 0.25λ

• Element spaing along y2 - dy2 = 0.5λ

• Pointing Diretion - θ0 = 0◦

• Pointing Diretion - φ0 = 0◦

• Pointing Diretion - u0 = 0

• Pointing Diretion - v0 = 0

• A side length - a = 10

• B side length - b = 10

• C side length - c = 10
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Mask Constraints

The following mask (Fig.24) is used to alulate the �tness funtion.
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Figure 24: Mask Power Pattern in broadside diretion (θ, φ) = (0, 0) [deg]: (a) 2D, (b) Normalized ut along

azimuth diretion, () Normalized ut along elevation diretion.
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Figure 25: Best individuals of initial population: (a) Individual nr. 5, (b) Individual nr. 17, () Individual nr.

19, (d) Individual nr. 26, (e) Individual nr. 30, (f) Individual nr. 391.

Array Tiling

Software Parameters

The parameters are:

• Number of array elements - Ntot = 

• Element spaing along x - dx = 0.22λ

29



• Element spaing along y1 - dy1 = 0.25λ

• Element spaing along y2 - dy2 = 0.5λ

• Side's domain - Ld = 20λ

• Points number - N tot
p = 441

• Points along x - Mp = 21

• Points along y - Np = 21

• Total ells number - N tot
c = 800

• Cells along x - Mc = 40

• Cells along y - Nc = 20

• Boundary points - N
(bound)
p = 61

• Samples along u - Nu = 256

• Samples along v - Nv = 256

• SLL weight - wSLL = 0.0

• Diretivity weight - wD = 0

• HPBW weight azimuth - wazm
HPBW = 0.0

• HPBW weight elevation - welv
HPBW = 0.0

• Mask weight - wmask = 1.0

• Cell elements - Nel = 1

• Pointing Diretion - θ0 = 0◦

• Pointing Diretion - φ0 = 0◦

• Pointing Diretion - u0 = 0

• Pointing Diretion - v0 = 0

• A side length - a = 10

• B side length - b = 10

• C side length - c = 10

• A side length in λ - La = 4.33λ

• B side length in λ- Lb = 4.33λ
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• C side length in λ- Lc = 4.33λ

• Tiling on�gurations - T = 9.27× 1033

• Number of unknows - Nu = 271

• Maximum of word max - Umax = 10

• Number of trials (seed) - Nseed = 105

• Number of individuals - NI = 542

• Number of �ips - Nflips = 500

• Cross-Over probability - pcx = 0.9

• Mutation probability - pm = 0.001

31



Results
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Figure 26: Fitness for 10 best seeds

GA Seed SLL [dB℄ HPBW (az) [deg℄ HPBW (el) [deg℄ D [dB℄ Fitness Value

1 0.1 −33.71 8.997 8.928 26.773 4.444× 10−6

2 0.559 −33.71 8.997 8.928 26.773 4.444× 10−6

3 0.441 −33.71 8.997 8.928 26.773 4.448× 10−6

4 0.668 −33.69 8.997 8.927 26.773 4.469× 10−6

5 0.65 −33.67 8.996 8.927 26.773 4.502× 10−6

6 0.126 −33.65 8.997 8.928 26.773 4.517× 10−6

7 0.903 −33.67 8.998 8.928 26.772 4.519× 10−6

8 0.243 −33.63 8.996 8.927 26.773 4.525× 10−6

9 0.511 −33.64 8.997 8.928 26.772 4.541× 10−6

10 0.062 −33.63 8.997 8.927 26.772 4.543× 10−6

Table 35: Solution Parameters of Radiation Pattern along (θ0, φ0) = (0, 0) [deg]

Fig. 26 rappresents the �tness value for 10 best seeds.

I analyzed the solution (seed) that permits to reah the minimum �tness value. The solutions analized orre-

sponds to seed = {0.1, 0.441, 0.559}.
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Broadside Analysis

Tiling Amplitudes Phases
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Figure 27: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (0, 0) [deg] − Solution ID.: Referene, Seed 0.1, Seed 0.559, Seed 0.441

The best solutions have the same tiling on�guration, so the radiation properties are the same, so I analyze

only the solutions with seed = {0.0, 0.441}.

33



Amplitudes Pattern φ = 0 [deg] Pattern φ = 90 [deg]
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Figure 28: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (0, 0) [deg] − Solution ID.: Referene, Seed 0.1, Seed 0.441
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Steering Analysis

Amplitudes Pattern (θ, φ)= (90, 0) [deg] Phases
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Figure 29: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 0) [deg] − Solution ID.: Referene, Seed 0.1, Seed 0.441
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Amplitudes Pattern (θ, φ) = (90, 30) [deg] Phases
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Figure 30: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 30) [deg] − Solution ID.: Referene, Seed 0.1, Seed 0.441
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Amplitudes Pattern (θ, φ) = (90, 37) [deg] Phases
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Figure 31: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 37) [deg] − Solution ID.: Referene, Seed 0.1, Seed 0.441
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Amplitudes Pattern (θ, φ) = (90, 45) [deg] Phases
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Figure 32: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 45) [deg] − Solution ID.: Referene, Seed 0.1, Seed 0.441
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Amplitudes Pattern (θ, φ) = (90, 90) [deg] Phases
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Figure 33: Mask Matching, SLL = −34.79 [dB], Ntot = 600, Ld = 20λ, dx = 0.22λ, dy1 = 0.25λ, dy2 =
0.5λ, a = 10, b = 10, c = 10, (θ0, φ0) = (90, 90) [deg] − Solution ID.: Referene, Seed 0.1, Seed 0.441

Solutions Summary

(a, b, ) MAX_ITE (# iterations) △τ [sec] (single simulation period) τ [sec] total simulation period

10, 10, 10 1000 0.216603 216.603

Table 43: Simulation Time

SOLUTION ID SLL [dB℄ HPBW (azimuth) [deg℄ HPBW (elevation) [deg℄ D [dB℄ Mask Fitting

Referene −34.788 9.003 8.914 26.791 0
Seed 0.1 −33.71 8.997 8.928 26.773 4.444× 10−6

Seed 0.559 −33.71 8.997 8.928 26.773 4.444× 10−6

Seed 0.441 −33.71 8.997 8.928 26.773 4.448× 10−6

Table 44: SLL, HPBWaz , HPBWel, D, Mask F itting of Radiation Pattern along (θ0, φ0) = (0, 0) [deg]
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