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(N = 2×M = 16; Q = 2, . . . , 8)

(Q = 2, 4)

(N = 2×M = 32; Q = 2, . . . , 16)

(Q = 2, 4, 6)

(N = 2×M = 128; Q = 2, . . . , 32)

(Q = 2, 4, 6, 8)

(N = 2×M = 512; Q = 2, . . . , 64)

(Q = 4, 6, 8)

(N = 2×M = 1024; Q = 2, . . . , 64)

(Q = 4, 6, 8)



N = {16, 32, 128, 512, 1024}
Q

Q− 1 Q+ 1 Q+ 2 ....
Q

N Q

16 [2 : 8]
32 [2 : 16]
128 [2 : 32]
512 [2 : 64]
1024 [2 : 64]

BCEtarget = 90%; 95%; 100%

(N = 2×M = 16; Q = 2, . . . , 8)

• N = 2×M = 16

• d = 0.5λ

• Q = 2, . . . , 8

• BCEmax u = [0.084171, 0.1017, 0.554]

• BCEmax = [90%, 95%, 100%]

•

• BCE = 90.00%

• BCE = 90.00%
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[Prasad.1982]

•

• BCE = 95.00%

• BCE = 95.00%
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[Prasad.1982]

•

• BCE = 100.00%

• BCE = 100.00%
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[Prasad.1982]

BCE u SLL [dB] FirstNull [rad] BW [rad] Dmax

[dB] [rad] [dB] [rad]

90.00% 0.084171 −17.569853 0.604825 8.3000001 0.122108 11.889896 0.13411E − 05
95.00% 0.101700 −19.606461 0.631704 8.8000001 0.126924 11.768044 0.13411E − 05
100.00% 0.554000 −19.424185 0.934230 12.699999 0.177381 10.325794 0.13411E − 05
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(Q = 2, 4)
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[Parasad, 1982]
CPM Q=2
CPM Q=4

#Q SLL FirstNull [rad] BW [rad] ∆norm Dmax BCE [%]
[dB] [rad] [dB] [rad]

2 −16.205141 0.599444 8.000000 0.119476 0.178589 11.921003 0.1341E − 05 89.37
4 −17.314863 0.610205 8.199999 0.121537 0.094654 11.896392 0.1341E − 05 89.90
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[Parasad, 1982]
CPM Q=2
CPM Q=4

#Q SLL FirstNull [rad] BW [rad] ∆norm Dmax BCE [%]
[dB] [rad] [dB] [rad]

2 −17.296265 0.620958 8.399999 0.123025 0.249069 11.823758 0.1341E − 05 93.86
4 −19.689453 0.620958 8.800000 0.125963 0.142764 11.781076 0.1341E − 05 94.73
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[Parasad, 1982]
CPM Q=2
CPM Q=4

#Q SLL FirstNull [rad] BW [rad] ∆norm Dmax BCE [%]
[dB] [rad] [dB] [rad]

2 −16.308102 1.252707 14.500000 0.158887 0.573712 10.524103 0.1341E − 05 97.69
4 −19.092052 1.0744880 13.399999 0.172934 0.201291 10.355520 0.1341E − 05 99.72
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(N = 2×M = 32; Q = 2, . . . , 16)

• N = 2×M = 32

• d = 0.5λ

• Q = 2, . . . , 16

• BCEmax u = [0.0421522, 0.05096, 0.207]

• BCEmax = [90%, 95%, 100%]

•

• BCE = 90.00%

• BCE = 90.00%
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•

• BCE = 95.00%

• BCE = 95.00%



 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30  32

a m

Indice Elementi, n

[Prasad.1982]

-60

-50

-40

-30

-20

-10

 0

-1 -0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8  1

N
o
rm

al
iz

ed
 P

o
w

er
 P

at
te

rn
 [

d
B

]

u

[Prasad.1982]

•

• BCE = 100.00%

• BCE = 100.00%
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[Prasad.1982]

BCE u SLL [dB] FirstNull [rad] BW [rad] Dmax

[dB] [rad] [dB] [rad]

90.00% 0.0421522 −17.670437 0.303837 4.150000 0.061026 14.897696 0.13411E − 05
95.00% 0.0509600 −19.720516 0.317477 4.400000 0.063470 14.773743 0.13411E − 05
100.00% 0.2070000 −78.921997 0.696015 12.30000 0.109213 12.394770 0.13411E − 05
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(Q = 2, 4, 6)
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[Parasad, 1982]
CPM Q=2
CPM Q=4
CPM Q=6

#Q SLL FirstNull [rad] BW [rad] ∆norm Dmax BCE [%]
[dB] [rad] [dB] [rad]

2 −16.311737 0.301108 4.000000 0.059632 0.231677 14.930853 0.1341E − 05 89.33
4 −17.401241 0.301108 4.099999 0.060705 0.119466 14.905044 0.1341E − 05 89.87
6 −17.563618 0.303837 4.150000 0.608922 0.089771 14.900751 0.1341E − 05 89.94
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[Parasad, 1982]
CPM Q=2
CPM Q=4
CPM Q=6

#Q SLL FirstNull [rad] BW [rad] ∆norm Dmax BCE [%]
[dB] [rad] [dB] [rad]

2 −17.419680 0.312022 4.199999 0.061404 0.325121 14.833002 0.1341E − 05 93.77
4 −19.232048 0.314750 4.349999 0.063000 0.168436 14.786745 0.1341E − 05 94.73
6 −19.519979 0.312022 4.400000 0.063272 0.124671 14.779159 0.1341E − 05 94.93
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#Q SLL FirstNull [rad] BW [rad] ∆norm Dmax BCE [%]
[dB] [rad] [dB] [rad]

2 −15.429324 0.712046 10.000000 0.087352 0.904349 12.748030 0.1341E − 05 93.80
4 −21.530457 0.202357 95.000000 0.104838 0.401714 12.466980 0.1341E − 05 98.47
6 −24.217289 2.940717 95.000000 0.107410 0.398999 12.434573 0.1341E − 05 99.21
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(N = 2×M = 128; Q = 2, . . . , 32)

• N = 2×M = 128

• d = 0.5λ

• Q = 2, . . . , 32

• BCEmax u = [0.01054328, 0.01275, 0.0766729]

• BCEmax = [90%, 95%, 100%]

•

• BCE = 95.00%

• BCE = 95.06%
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[Prasad.1982]
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(Q = 2, 4, 6, 8)
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(N = 2×M = 512; Q = 2, . . . , 64)

• N = 2×M = 512

• d = 0.5λ

• Q = 2, . . . , 64

• BCEmax u = 0.0031875

• BCEmax = 95%
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• BCE = 95.01%
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(Q = 4, 6, 8)
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(N = 2×M = 1024; Q = 2, . . . , 64)

• N = 2×M = 1024

• d = 0.5λ

• Q = 2, . . . , 64

• BCEmax u = 0.001593875

• BCEmax = 95%
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(Q = 4, 6, 8)

-60

-50

-40

-30

-20

-10

 0

-1 -0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8  1

N
o
rm

al
iz

ed
 P

o
w

er
 P

at
te

rn
 [

d
B

]

u

[Parasad, 1982]
CPM Q=4
CPM Q=6
CPM Q=8

-60

-50

-40

-30

-20

-10

 0

-0.005  0  0.005

#Q SLL FirstNull [rad] BW [rad] ∆norm BCE [%
[dB] [rad]

4 −19.339449 0.009787 0.136501 0.001967 0.297115 94.74
6 −19.563732 0.009787 0.136501 0.001976 0.228061 94.91
8 −19.657997 0.009869 0.138001 0.001979 0.181588 94.97

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 1.1

 1.2

 0  100  200  300  400  500  600  700  800  900  1000

a m

Indice Elementi, n

[Parasad, 1982]
CPM Q=4
CPM Q=6
CPM Q=8

 0

 0.0003

 0.0006

 0.0009

 0.0012

 0.0015

 0.0018

 0.0021

 0.0024

 0.0027

 0.003

 0.1  1  10  100

F
it

n
es

s 
v
al

u
e,

 Φ
i

Solution Index, i

CPM Q=4
CPM Q=6
CPM Q=8



θ = 0◦

BCE =
Potenza trasmessa (o ricevuta) in un certo angolo θi

Potenza trasmessa (o ricevuta) dall′antenna

θi

BCE =

∫ 2π

0

∫ θi
0

U(θ,φ)senθdθdφ
∫ 2π

0

∫ π

0
U(θ,φ)senθdθdφ
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