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1 Numerical Results

1.1 OTM - Integer - Hexagon (10,10,10) - Mask Matching - Broadside - d,; = 0.5\

Array Geometry

yIA
o

Figure 1: Nyo¢ = 600, Lg = 20\, dp = 0.22X, dy1 = 0.25), dyz = 0.5), Nf°t = 800, Niot = 441, Nibeund) —
61, a =10, b =10, ¢ = 10 — Array Geometry

Reference Array, Convex Programming Excitations
Test case parameters

e Number of array elements - Ny,; = 600

e Element spacing along x - d, = 0.22\

e Element spacing along y; - dy; = 0.25A

e Element spacing along > - dy2 = 0.5A

e Pointing Direction - 6y = 0°

e Pointing Direction - ¢g = 0°

e Pointing Direction - ug =0

e Pointing Direction - vg =0

A side length - @ = 10

e B side length - b =10

C side length - ¢ =10



Mask Constraints
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Figure 2: Mask Power Pattern in broadside direction (0, ¢) = (0,0) [deg]:

azimuth direction, (¢) Normalized cut along elevation direction.

Array Tiling
Goal

Applying OTM algorithm with lozenge tiles encoded as integer strings.

Software Parameters

The parameters are:

e Number of array elements - Ny,; = 600
e Element spacing along x - d, = 0.22\
e Element spacing along y; - dy1 = 0.25)
e Element spacing along y - dy2 = 0.5\
e Side’s domain - Ly = 20\

e Points number - N/** = 441

e Points along x - M, =21

e Points along y - N, =21

e Total cells number - Nt = 800

e Cells along x - M, = 40

e Cells along y - N. =20

e Boundary points - N"**"? = 61

e Samples along u - N,, = 256
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(a) 2D, (b) Normalized cut along



Samples along v - N, = 256

SLL weight - wgr, = 0.0

Directivity weight - wp =0

HPBW weight azimuth - w55y = 0.0
HPBW weight elevation - w$% 5 = 0.0
Mask weight - wyqsk = 1.0

Cell elements - Ny =1

Pointing Direction - 6y = 0°

Pointing Direction - ¢¢ = 0°

Pointing Direction - ug =0

Pointing Direction - vy =0

A side length - @ = 10

B side length - b =10

C side length - ¢ =10

A side length in A - L, = 4.33\

B side length in A\- Ly = 4.33)\

C side length in A\- L. = 4.33\

Tiling configurations - T' = 9.27 x 1033
Number of unknows - N,, = 271
Maximum of word max - U4 = 10
Number of trials (seed) - Ngeeq = 105
Number of individuals - Ny = 272
Number of schemata - Ng.;, = 56
Cross-Over probability - p., = 0.9
Mutation probability - p,, = 0.001

Diversity Percentage - dy, = 7%
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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 x 10~°
2 0.259 —33.52 8.997 8.927 26.773 5.208 x 10~°
3 0.378 —33.52 8.997 8.927 26.773 5.208 x 10~°
4 0.440 —33.52 8.997 8.927 26.773 5.208 x 10~°
5 0.5 —33.52 8.997 8.927 26.773 5.208 x 107°
6 0.024 —33.59 8.998 8.929 26.772 5.283 x 107°
7 0.0 —33.59 8.998 8.929 26.772 5.283 x 107°
8 0.152 —33.59 8.998 8.929 26.772 5.283 x 107°
9 0.222 —33.59 8.998 8.929 26.772 5.283 x 10~°
10 | 0.225 —33.59 8.998 8.929 26.772 5.283 x 107°

Table 3: Solution Parameters of Radiation Pattern along (6p, ¢o) = (0,0) [deg]

Fig. 3 rappresents the fitness value for 10 best seeds.

I analyzed the solution (seed) that permits to reach the minimum fitness value. The solutions analized corre-

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



Broadside Analysis
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Tiling Amplitudes Phases
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Figure 4: Mask Matching, SLL = —34.79 [dB], Nyt = 600, Ly = 20\, dy = 0.22\, dy1 = 0.25), dyo =
0.5, a =10, b = 10, ¢ = 10, (Ay,do) = (0,0) [deg] — Solution ID.: Reference, Seed 0.199, Seed 0.259, Seed
0.378, Seed 0.440, Seed 0.5

The best solutions have the same tiling configuration, so the radiation properties are the same, so I analyze

only the first solution with seed = {0.199}.
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Figure 5: Mask Matching, SLL = —34.79 [dB], Nyt = 600, Ly = 20X, dy = 0.22\, dy1 = 0.25), dyo =
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Steering Analysis

Amplitudes Pattern (6, ¢)= (90,0) [deg] Phases

¢=0{[deg]
1 0 0 T T T
o Power Pattern —
ke)
-0 10 L 4 T T T i
Q = T VAYA AVA'AVAY VAV &
0.5 ! 5 3| A AVAT VAV VAVA AVAT VA |
U = k=1 = AV VAV. AVA AVAY VAV. AVA
£ 20 © € FAY VAV AVAT VAY.
g c o g 20 2+ AVAY VY. AVA AVAY VAY. AVA & 1M w2
‘@ P & VAVA AVA" VAY.VAVs AVA" VAV.VA
2 o) a ATAVAY VaV: AV AVAY VY. aVa aVa
Q S 0 -30 3 5 1 AV.VAVa aVa' VAV-VaVa a¥a" VAV.Va¥a |
c <] 2 30 - AVATAVAY VAV, AVA'AVAY VAV. AVA AVAY
S-( B a S <o VAY.VAVA AVAV VAV.VAVA AVAY VAV.VAVA A | 0
b < S AVA'AVAY VaY. AVA'AVAY VaY. aVa aVA” ¥
Q [ 403 ] VAY.VA¥4 AVAT VAV VAV AVAT VAY.VAY,
S > N & L 1 [ VAMVAYVAY. AVA'AVAY VAV, AVA AVAY |
- 5 -40 V.VAVA AVAT VAV.VAVA VA" VAV VAV
-0.5 ] g AVAY VAVA AVA AVAY VAV: aVA &Y
Q) £ 5 2 F VAVA AVA" VAY.VaYa aVa' VAV ¥ AFq -2
-50 £ 2 VAV VAY: AVA AVAY VAV. AVa
o -50 | 3| Vi AVAY VAV VaVi aVAY VAY |
2z B VWAYL AVATAVAY VAV, AV
AVAY VAV WAVA ANAT ¥
Kl n n -60 4 . n ! h . o
J - -60 - .
1 0.5 0 0.5 1 I o5 o 05 1 4 2 0 2 4
u = sin(6)cos(¢) u=sin(@)cos(@) XIA
@=0[deg] b
(= 0 <
_ 0 o : : . . ]
(@) ) Tiled X
102 Reference - - - - R AR\ 4 w2
—] c -10 - 1 (RN .
4 — O8S- -
y = & g REOMS W
o = -20 s 2 2 ] Y o 924 18 o
c £ OS] Y2
2 g g v N Ly Ve
. = 30 2 € gl ] - S 4 7
(=4 o =3 . -~ -~ -
< o - K -2
o { 40 3 3 ¥ o S
” ! -
o > N £ 40 S o q Yo - J
© S | " . -
Q 50 B 2 8 SR ) -n
5 B0k N o W ]
n z . S b
I " N . Vo
-60 60 LV . s M
-1 0.5 0 05 1
u=sin(6)cos(¢) u=sin(B)cos(¢)
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Solutions Summary

| (a, b, ¢c) | MAX ITE (# iterations) | At [sec] (single simulation period) | 7 [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 |

Reference —34.788 9.003 8.914 26.791 0
Seed 0.199 —33.52 8.997 8.927 26.773 5.208 x 1076
Seed 0.259 —33.52 8.997 8.927 26.773 5.208 x 106
Seed 0.378 —33.52 8.997 8.927 26.773 5.208 x 1076
Seed 0.440 —33.52 8.997 8.927 26.773 5.208 x 106
Seed 0.5 —33.52 8.997 8.927 26.773 5.208 x 1076

Table 13: SLL, HPBW,,, HPBW,, D, Mask Fitting of Radiation Pattern along (6o, ¢o) = (0,0) [deg]
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1.2 OTM - Integer - Hexagon (10,10,10) - Mask Matching - Steering (0,¢) =
(30,0) [deg]

Array Geometry

yIA
o

Figure 11: Nyoy = 600, Lq = 20X, dy = 0.2, dyy = 0.25), dyz = 0.5X, N/°' = 800, Ni° = 441, Nj"*""" =
61, a =10, b =10, ¢ = 10 — Array Geometry

Reference Array, Convex Programming Excitations
Test case parameters

The parameters are:

e Number of array elements - Ny,; = 600
e Element spacing along x - d, = 0.22)\
e Element spacing along y; - dy1 = 0.25)
e Element spacing along s - dy2 = 0.5\
e Pointing Direction - 6y = 30°

e Pointing Direction - ¢9 = 0°

e Pointing Direction - ug = 0.5

e Pointing Direction - vg = 0

A side length - a = 10

B side length - b =10

C side length - ¢ = 10

13



Mask Constraints
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Figure 12: Mask Power Pattern in broadside direction (6, ¢) = (30,0) [deg]
azimuth direction, (¢) Normalized cut along elevation direction.

Array Tiling
Goal

Applying OTM algorithm with lozenge tiles encoded as integer strings.

Software Parameters

e Number of array elements - Ny,; = 600
e Element spacing along x - d, = 0.22\
e Element spacing along y; - dy1 = 0.25)
e Element spacing along y» - dy2 = 0.5\
e Side’s domain - Ly = 20\

e Points number - N/** = 441

e Points along x - M, = 21

e Points along y - N, =21

e Total cells number - Nt = 800

e Cells along x - M, =40

e Cells along y - N. =20

e Boundary points - N"**"Y = 61

e Samples along u - N,, = 256

e Samples along v - N,, = 256

14

a0l
20l
a0l
ol
sl

-60

Steering Angle (6, ¢5) = (0,0) [deg]

-0.5 0 0.5 1

v=sin(B)sin(q)

Power Mask

(c)

: (a) 2D, (b) Normalized cut along



SLL weight - wsrr = 0.0

Directivity weight - wp =0

HPBW weight azimuth - w}psy, = 0.0
HPBW weight elevation - w$% 5;- = 0.0
Mask weight - wy,qsx = 1.0

Cell elements - Ny =1

Pointing Direction - 6y = 30°

Pointing Direction - ¢¢ = 0°

Pointing Direction - ug = 0.5

Pointing Direction - vy =0

A side length - a = 10

B side length - b =10

C side length - ¢ = 10

A side length in A - L, = 4.33\

B side length in A\- Ly = 4.33)\

C side length in A\- L. = 4.33)\

Tiling configurations - T' = 9.27 x 1033
Number of unknows - N, = 271
Maximum of word max - U4, = 10
Number of trials (seed) - Ngeeq = 105
Number of individuals - Ny = 272
Number of schemata - Ng.;, = 56
Cross-Over probability - p., = 0.9
Mutation probability - p,, = 0.001

Diversity Percentage - doy, = 7%
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Results

Fitness x(k) [x10‘7]

e T S Merer e e r e ]
|

160 L m— =SS =SS =TS T =TT =S z

0 100 200 300 400 500 600 700 800 900 1000
Iteration Index, k

GAl ===+ GA-4 ---- GA7 GA-10
GA2 GA5 GAB wrereee
GA3 ===- GA-6 GA-Q wrereee

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 x 10~°
2 0.126 | —33.383 8.993 8.923 26.777 1.621 x 10~°
3 0.846 | —33.383 8.993 8.923 26.777 1.621 x 10~°
4 0.222 | —33.527 8.995 8.926 26.775 1.622 x 10~°
) 0.067 | —33.531 8.995 8.927 26.775 1.629 x 10~°
6 0.231 | —33.531 8.995 8.927 26.775 1.629 x 10~°
7 0.326 | —33.371 8.993 8.923 26.777 1.685 x 10~°
8 0.087 | —33.712 8.996 8.929 26.773 1.689 x 10~°
9 0.551 | —33.423 8.994 8.923 26.776 1.758 x 10~°
10 | 0.724 | —33.423 8.994 8.923 26.776 1.758 x 10~°

Table 16: Solution Parameters of Radiation Pattern along (6o, ¢o) = (30, 0) [deg]

Fig. 13rappresents the fitness value for 10 best seeds.

T analyzed the solution (seed) that permits to reach the minimum fitness value. The fitness analized corresponds

to seed = {0.25}.
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Figure 14: Mask Matching, SLL = —34.79 [dB], Nyt = 600, Lq = 20\, d, = 0.22), dy1 = 0.25), dy2 =
0.5A, a =10, b =10, ¢ =10, (6p, o) = (0,0) [deg] — Solution ID.: Reference, Seed 0.25
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Figure 16: Mask Matching, SLL = —34.79 [dB], Nyot = 600, Lg = 20\, dy = 0.22), dy1 = 0.25), dyp =
0.5A, a =10, b= 10, ¢ =10, (6o, o) = (30,0) [deg] — Solution ID.: Reference, Seed 0.25

Solutions Summary

| (a, b, ¢) | MAX ITE (# iterations) | At [sec] (single simulation period) | 7 [sec] total simulation period |
| 10, 10, 10 | 1000 | 0.038459 | 38.459 |

Table 20: Simulation Time

Excitation Phase [deg]

Excitation Phase [deg]

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

Reference —34.788 10.415 8.914 26.132 0

Seed 0.25 —33.542 8.995 8.927 26.774 1.589 x 10~°

Table 21: SLL, HPBW,., HPBW,,, D, Mask Fitting of Radiation Pattern along (6o, ¢o) = (30,0) [deg]

Conclusion

The solution with OTM-GA [Sec. 1.2] is a good choice respect to ETM for the same array architecture; because

it is possible to obtain good results with less computational effort.
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1.3 OTM - Integer - Hexagon (10,10,10) - Mask Matching - Steering (0,¢) =
(30,0) [deg] - Markov Init. N; = 272

Array Geometry

yIA
o

Figure 17: Nyoy = 600, Lq = 20X, dy = 0.2, dyy = 0.25), dyz = 0.5X, N/ = 800, Ni°t = 441, N =
61, a =10, b =10, ¢ = 10 — Array Geometry

Reference Array, Convex Programming Excitations
Test case parameters

e Number of array elements - Ny,; = 600

e Element spacing along x - d, = 0.22)\

e Element spacing along y; - dy1 = 0.25)

e Element spacing along s - dy2 = 0.5

e Pointing Direction - 6y = 30°

e Pointing Direction - ¢9 = 0°

e Pointing Direction - ug = 0.5

e Pointing Direction - vg = 0

A side length - a = 10

B side length - b =10

e C side length - ¢ = 10
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Mask Constraints

Steering Angle (65, @) = (0,0) [deg]
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Figure 18: Mask Power Pattern in broadside direction (6, ¢) = (30,0) [deg]
azimuth direction, (¢) Normalized cut along elevation direction.

Array Tiling
Goal

Applying OTM algorithm with lozenge tiles encoded as integer strings.

Software Parameters

The parameters are:

e Number of array elements - Ny,; = 600
e Element spacing along x - d, = 0.22\
e Element spacing along y; - dy1 = 0.25)
e Element spacing along y - dy2 = 0.5\
e Side’s domain - Ly = 20\

e Points number - N/** = 441

e Points along x - M, =21

e Points along y - N, =21

e Total cells number - Nt = 800

e Cells along x - M, = 40

e Cells along y - N. =20

e Boundary points - N"**"? = 61

e Samples along u - N,, = 256
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Samples along v - N, = 256

SLL weight - wgr, = 0.0

Directivity weight - wp =0

HPBW weight azimuth - w55y = 0.0
HPBW weight elevation - w$% 5 = 0.0
Mask weight - wyqsk = 1.0

Cell elements - Ny =1

Pointing Direction - 6y = 30°

Pointing Direction - ¢¢ = 0°

Pointing Direction - ug = 0.5

Pointing Direction - vy =0

A side length - @ = 10

B side length - b =10

C side length - ¢ =10

A side length in A - L, = 4.33\

B side length in A\- Ly = 4.33)\

C side length in A\- L. = 4.33\

Tiling configurations - T' = 9.27 x 1033
Number of unknows - N,, = 271
Maximum of word max - U4 = 10
Number of trials (seed) - Ngeeq = 105
Number of individuals - Ny = 272
Number of flips - N¢ips = 200
Cross-Over probability - p., = 0.9

Mutation probability - p,, = 0.001
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Results

Fitness x(k) [x10‘7]

E - e —
0 100 200 300 400 500 600 700 800 900 1000
Iteration Index, k

GAl ===+ GA-4 ---- GA7 GA-10
GA2 GA-5 GAB wrereee
GA3 ===- GA-6 GA-Q wrereee

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 x 10~°
2 0.15 —33.739 8.997 8.929 26.773 1.667 x 10~°
3 0.205 | —33.739 8.997 8.929 26.773 1.667 x 10~°
4 0.222 | —33.739 8.997 8.929 26.773 1.667 x 10~°
5 0.283 | —33.739 8.997 8.929 26.773 1.667 x 10~°
6 0.440 | —33.739 8.997 8.929 26.773 1.667 x 10~°
7 0.441 | —33.739 8.997 8.929 26.773 1.667 x 10~°
8 0.45 —33.739 8.997 8.929 26.773 1.667 x 10~°
9 0.597 | —33.739 8.997 8.929 26.773 1.667 x 10~°
10 | 0.649 | —33.739 8.997 8.929 26.773 1.667 x 10~°

Table 24: Solution Parameters of Radiation Pattern along (6o, ¢o) = (30, 0) [deg]

Fig. 19rappresents the fitness value for 10 best seeds.

T analyzed the solution (seed) that permits to reach the minimum fitness value. The fitness analized corresponds

to all seed indicate in the table.
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Figure 20: Mask Matching, SLL = —34.79 [dB], Ny = 600, Lq = 20\, d; = 0.22), dy1 = 0.25), dy2 =
0.5, a =10, b =10, ¢ =10, (0o, ¢o) = (0,0) [deg] — Solution ID.: Reference, 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 configuration, so the radiation properties are the same, so I analyze

only the first solution with seed = {0.0}.

25

Excitation Phase [deg] Excitation Phase [deg]

Excitation Phase [deg]



Amplitudes

1 — 0
o
S,
o €
o
g = $
S = =
5 *
O = g
= 5 g
n o
g - 3
Q E
o
o 2
o
k=3
o E &
s g
.o s;: g
= { 3
Q S
v E
N 2

u=sin(8)cos(¢)

Figure 21: Mask Matching, SLL =

Pattern ¢ = 0 [deg]

=0 [deg]

0

Power Pattern —

20 b

a0 b

Normalized Power Pattern [dB]
&
5

“1f! n

-60
-1 -0.5 0 05

u = sin(e)cos(@)

@=0[deg]
0 T T

Tiled

Reference - - - -

Normalized Pattern [dB]

u=sin(B)cos(¢)

Normalized Power Pattern [dB]

Normalized Pattern [dB]

a0t
20|
30 -
-40
50 |

-60 L H L

Pattern ¢ = 90 [deg]

@=90 [deg]
0

Power Pattern —

-10

-20

-30

-40

-50

-60

-1 -0.5 0 05 1
v = sin(B)sin(¢)

=90 [deg]
0 T T
Tiled

Reference - - - -

-1 -0.5 0 05 1
v=sin(6)sin(¢)

—34.79 [dB], Nyoy = 600, Ly = 20X, d, = 0.22), dyy = 0.25), dys =

0.5A, a =10, b= 10, ¢ =10, (6o, ¢o) = (0,0) [deg] — Solution ID.: Reference, Seed 0.0

Steering Analysis

Amplitudes

1 0
o)
3
o 0
@
O = 208
g <
B o
Q 408
= > e
[
Q 50 £
o 2

-60

1 05 0 05 1
u = sin(6)cos(0)
0
)
o B
. @
o = 20§
.o < R

£ &
< 1 403
Q S
Q 50 £
n z

-60

u=sin(6)cos(¢)

Figure 22: Mask Matching, SLL =

Pattern (0, ¢) = (30,0) [deg] Phases

¢=0 [deg]

Power Pattern —
Power Mask —

Normalized Power Pattern [dB]
&
g

VLI

u=sin(8)cos(¢)

=0 [deg]
0 T T
Tiled
10 Reference - - - -
Power Mask
20 b
30 b

Normalized Pattern [dB]

0 0.5
u=sin(6)cos(¢)

T T
A7 VAVAVAYL VAVAYA
AV AVAVAVAY . AVAVAV:
AVAT VAVAYAY.  VaVAVAT. A
AVAY. AVAVAVAY. AVAVAVA' WA
2+ AVAVAT VAWAVAY. WaVWAVAV. aA¥a B w2
AVAVAY. AVAVAVAY. AVAVAVA' WAWA
AVAVAVAT VAVAVAV.  VAVAVAV. AVAVA
WAVAVAY. AVAVAVAY. AVAVAVA' WAVAVA
AVAYAYAT VAVAVAV.  VWAVAVAV. AVAVAY:
< 0 WAVAVAY. AVAVAVAY. AVAVAVA' WAWAVL 0
> AVAYAYAT VAVAVAV.  VWAVAVAV. AVAVAY:
VAVAVAT. AVAVAVAT. AVAVAVA® VAVAVA'
AVAVAYAT VAVAVAV. VWAVAVAV. AVAVAY
VAVAVAT. AVAVAVAT. AVAVAY.® VAVAY
WAVAYA' VWAVAVAV.  VAVAVAV. AVAY
-2 - VAYAY. AVAVAVAY. AVAVAVA' VAY qrq -T2
VAVAY VAVAVAV. VAVAVAV. A¥
VAY.L AVAVAVAY. AVAVAVA' W
VAT VAVAVAVL WAVAVA
Vo AVAVAVAY. AVAVAV
n .

Excitation Phase [deg]

4 . n . T
-45 -3 -15 0 15 3 45
XIN
4 s
NI N |
', -
0 -
2+ X N 18 w2
1t N XN 1
» -
sot ') 0 1M o
a 0 oA i
R X3 4
2 b .0 - 1 -2
» -
-3 - O " 4
- 77
-4 -

—34.79 [dB], Nyoy = 600, Ly = 20X, d, = 0.22), dyy = 0.25), dys =

0.5, a =10, b =10, ¢ =10, (6o, o) = (30,0) [deg] — Solution ID.: Reference, Seed 0.0

26

Excitation Phase [deg]



Solutions Summary

| (a, b, ¢) | MAX ITE (# iterations) | At [sec] (single simulation period) | 7 [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 |

Reference —34.788 10.415 8.914 26.132 0

Seed 0.0 —33.739 8.997 8.929 26.773 1.667 x 10~°
Seed 0.15 -33.739 8.997 8.929 26.773 1.667 x 107°
Seed 0.205 —33.739 8.997 8.929 26.773 1.667 x 10~°
Seed 0.222 -33.739 8.997 8.929 26.773 1.667 x 10°
Seed 0.283 —33.739 8.997 8.929 26.773 1.667 x 10~°
Seed 0.440 -33.739 8.997 8.929 26.773 1.667 x 107°
Seed 0.441 —33.739 8.997 8.929 26.773 1.667 x 107
Seed 0.45 —33.739 8.997 8.929 26.773 1.667 x 107°
Seed 0.597 -33.739 8.997 8.929 26.773 1.667 x 107
Seed 0.649 —33.739 8.997 8.929 26.773 1.667 x 10~°

Table 31: SLL, HPBW,., HPBW,,, D, Mask Fitting of Radiation Pattern along (6o, ¢o) = (30,0) [deg]
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1.4 OTM - Integer - Hexagon (10,10,10) - Mask Matching - Broadside - d,5 = 0.5\
- Markov Init. N; = 542

Array Geometry

yIA
o

Figure 23: Nyoy = 600, Lq = 20X, dy = 0.2, dy1 = 0.25), dyz = 05X, N/ = 800, Ni° = 441, N"*""Y =
61, a =10, b =10, ¢ = 10 — Array Geometry

Reference Array, Convex Programming Excitations
Test case parameters

e Number of array elements - Ny,; = 600

e Element spacing along x - d, = 0.22)\

e Element spacing along y; - dy1 = 0.25)

e Element spacing along s - dy2 = 0.5

e Pointing Direction - 6y = 0°

e Pointing Direction - ¢9 = 0°

e Pointing Direction - ug =0

e Pointing Direction - vg = 0

A side length - a = 10

B side length - b =10

e C side length - ¢ = 10
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Mask Constraints

The following mask (Fig.24) is used to calculate the fitness function.

Steering Angle (65, @) = (0,0) [deg] Steering Angle (65, ¢s) = (0,0) [deg]
0 T T T 0 T T T
-10
05 g 10 + 1 10 + 1
20 § =) )
= 2 S 20 t 4 S 20 4
2 0 30 2 E 30 E 3 30+ 1
: d <
i ° 1] &
> g 2 40 1 2 40t 1
40 2 S &
E
05 - s 50 - 1 -50 - b
-50
60 . . . 60 . . .
-1 -0.5 0 0.5 1 -1 -0.5 0 05 1
-1 -60 u=sin(6)cos v=sin(6)sin|
- 05 0 05 1 (O)cos(@) (6)sin(¢)
u = sin(6)cos(6) Power Mask Power Mask

(e) (b) (c)

Figure 24: Mask Power Pattern in broadside direction (0, ¢) = (0,0) [deg]: (a) 2D, (b) Normalized cut along
azimuth direction, (¢) Normalized cut along elevation direction.

Best Individuals
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Figure 25: Best individuals of initial population: (a) Individual nr. 5, (b) Individual nr. 17, (c) Individual nr.
19, (d) Individual nr. 26, (e) Individual nr. 30, (f) Individual nr. 391.

Array Tiling
Software Parameters

The parameters are:

e Number of array elements - Ni,; = 600

e Element spacing along x - d, = 0.22\
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Element spacing along y; - dy1 = 0.25)A
Element spacing along ya - dy2 = 0.5\
Side’s domain - L = 20\

Points number - N;* = 441

Points along x - M, = 21

Points along y - N, =21

Total cells number - Nt = 800

Cells along x - M, = 40

Cells along y - N. = 20

Boundary points - N"**"% = 61
Samples along u - N,, = 256

Samples along v - N, = 256

SLL weight - wsrr = 0.0

Directivity weight - wp =0

HPBW weight azimuth - w}psy, = 0.0
HPBW weight elevation - w$% 5 = 0.0
Mask weight - wy,qsx = 1.0

Cell elements - Ny =1

Pointing Direction - 6y = 0°

Pointing Direction - ¢¢ = 0°

Pointing Direction - ug =0

Pointing Direction - vy =0

A side length - a = 10

B side length - b =10

C side length - ¢ = 10

A side length in A - L, = 4.33\

B side length in A\- Ly = 4.33)\
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C side length in A\- L. = 4.33)

Tiling configurations - T' = 9.27 x 1033
Number of unknows - N,, = 271
Maximum of word max - U,,qp = 10
Number of trials (seed) - Ngeeq = 105
Number of individuals - N; = 542
Number of flips - N¢ips = 500
Cross-Over probability - p., = 0.9

Mutation probability - p,, = 0.001

31



Results
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56 ¢
54 ¢
52
50 %
48 {
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Iteration Index, k

Fitness x(k) [x10‘7]

GA-l ===+ GA4 ---- GAT GA-10
GA-2 GA-5 GA-8 rrerears
GA-3 ===- GA-6 GA-Q rerrees

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 x 1076
2 0.559 —-33.71 8.997 8.928 26.773 4.444 x 1076
3 0.441 —-33.71 8.997 8.928 26.773 4.448 x 1076
4 0.668 —33.69 8.997 8.927 26.773 4.469 x 1076
) 0.65 —33.67 8.996 8.927 26.773 4.502 x 107
6 0.126 —33.65 8.997 8.928 26.773 4.517 x 107°
7 0.903 —33.67 8.998 8.928 26.772 4.519 x 1076
8 0.243 —33.63 8.996 8.927 26.773 4.525 x 107
9 0.511 —33.64 8.997 8.928 26.772 4.541 x 1076
10 | 0.062 —33.63 8.997 8.927 26.772 4.543 x 107°

Table 35: Solution Parameters of Radiation Pattern along (6o, ¢o) = (0,0) [deg]

Fig. 26 rappresents the fitness value for 10 best seeds.

I analyzed the solution (seed) that permits to reach the minimum fitness value. The solutions analized corre-

sponds to seed = {0.1, 0.441, 0.559}.
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Broadside Analysis
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Figure 27: Mask Matching, SLL = —34.79 [dB], Ny = 600, Lq = 20\, d, = 0.22), dy1 = 0.25), dy2 =
0.5A, a =10, b= 10, ¢ =10, (6p, do) = (0,0) [deg] — Solution ID.: Reference, Seed 0.1, Seed 0.559, Seed 0.441

The best solutions have the same tiling configuration, so the radiation properties are the same, so I analyze

only the solutions with seed = {0.0, 0.441}.
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Figure 28: Mask Matching, SLL = —34.79 [dB], Ni,t = 600, Lg = 20\, d, = 0.22\, dy1 = 0.25), dy2 =
0.5, a =10, b =10, ¢ =10, (0o, o) = (0,0) [deg] — Solution ID.: Reference, Seed 0.1, Seed 0.441
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Steering Analysis
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Figure 29: Mask Matching, SLL = —34.79 [dB], Ny = 600, Lg = 20, d, = 0.22), dy1 = 0.25),
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Figure 30: Mask Matching, SLL = —34.79 [dB], Ny = 600, Lq = 20\, d, = 0.22), dy1 = 0.25), dy2 =
0.5, a =10, b =10, ¢ =10, (8o, o) = (90, 30) [deg] — Solution ID.: Reference, Seed 0.1, Seed 0.441
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Figure 31: Mask Matching, SLL = —34.79 [dB], Ny = 600, Lq = 20\, d, = 0.22), d,1 = 0.25), dy2 =
0.5, a =10, b =10, ¢ =10, (8o, o) = (90, 37) [deg] — Solution ID.: Reference, Seed 0.1, Seed 0.441
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Figure 32: Mask Matching, SLL = —34.79 [dB], Nyt = 600, Lq = 20\, d, = 0.22), dy1 = 0.25), dy2 =
0.5, a =10, b =10, ¢ =10, (8o, o) = (90,45) [deg] — Solution ID.: Reference, Seed 0.1, Seed 0.441
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—34.79 [dB], Nyor = 600, Lg = 20X, dy = 0.22X, dy; = 0.25), dyp =
0.5, a =10, b =10, ¢ =10, (6o, ¢o) = (90, 90) [deg] — Solution ID.: Reference, Seed 0.1, Seed 0.441

| (a, b, ¢) | MAX ITE (# iterations) | At [sec] (single simulation period) | 7 [sec] total simulation period |

| 10, 10, 10 |

1000

| 0.216603

216.603 |

Table 43: Simulation Time

w2

-T2

o
Excitation Phase [deg]

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

Reference —34.788 9.003 8.914 26.791 0

Seed 0.1 —-33.71 8.997 8.928 26.773 4.444 x 10~°
Seed 0.559 —-33.71 8.997 8.928 26.773 4.444 x 10~
Seed 0.441 —-33.71 8.997 8.928 26.773 4.448 x 10~

Table 44: SLL, HPBW,,, HPBW,;, D, Mask Fitting of Radiation Pattern along (6o, ¢o) = (0,0) [deg]
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