Thinned array vs. phased arrays for adaptive
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Abstract

A comparison between thinned array and phased array for pattern nulling is
proposed in this report. The RF switch control or the phase shifter control are
realized by indirectly maximizing the SINR to locate deep nulls along the
directions-of-arrival (DoAs) of the interferences such to enable the use of these
antenna systems for point-to-point communications or radar applications. A
time-varying scenarios where single and multiple interfering signals impinge on
the array from different angular directions is considered.



TEST CASE 17 - Thinned vs. Phased Array - 32 Elements - Time-

Varying Scenario

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a time-varying scenario.

Test Case Description
e Number of Elements N = 32
e Elements Spacing: d = 0.5\
e Phase Shifters number of bits: B =4
e Max Gain Pattern Direction : 8% = 90°, ¢ = 90°
e Desired Signal Power: 0dB
e Interference Power: 30 dB
e Noise Power: —30dB
e Timesteps: T' = 900

e Number of Interferences: N/ € [1 —5]; t=1,...,T

)

e Interference Direction Of Arrival: 6 = 90°, ¢} € [0° —180°]; j=1,..., N}
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Fig.229 - Number of Interferences Fig.230 - Arrival Angle

Optimization Approach: GA

e Number of Variables: X =16 (¢, = —on41-n, n =1,...,N/2)

Population: 16

Crossover Probability: 0.9

Mutation Probability: 0.01

Number of Generations: 200



e Phases Optimization Range: ¢,, € [0 — 90]
e Directivity Unconstrained Case: D € [0 — 32] (linear scale)

e Directivity Constrained Case: D =19+ 0.1% (linear scale)



GA - Phased Array - 32 Elements - Time-Varying Scenario

| av{SINR[dB]} | var {SINR[dB]} | min {SINR[dB]} | maz {SINR[dB]} |

Phased, Unconstrained case 33.78 232.82 —30.00 45.05
Phased, Constrained case 18.94 426.79 —30.49 42.79
Thinned, Unconstrained case 16.66 393.26 —30.01 45.05
Thinned, Constrained case, n = 0.60 10.93 437.06 —30.03 42.79

Tab.51 - Statistical analysis of the signal-to-noise-plus-interference-ration expressed in dB values

SINR[dB]: average av {-}, variance var {-}, minimum min {-} and maximum max {-}.

| av{D[dB]} | var {D[dB]} | min{D[dB]} | maz{D[dB]} |

Phased, Unconstrained case 12.87 2.23 6.73 15.05
Phased, Constrained case 12.79 6.43 x 1076 12.78 12.79
Thinned, Unconstrained case 13.32 1.79 6.02 15.05
Thinned, Constrained case, n = 0.60 12.79 0 12.79 12.79

Tab.52 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}

and maximum mazx {-}.
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Fig.231 - SINR average comparison Fig.232 - Directivity comparison
Observations:

e Fig.231 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Il caso Thinned Constrained con = 0.60 comporta I'imposizione di un constraint sulla direttivita, che

rimane sempre fissa al valore D = 19 (12.79dB).

e Le prestazioni dei phased arrays rispetto ai thinned arrays in termini di STN R medio sono in questo caso

notevolmente superiori, soprattutto utilizzando 4 — 8 bit phase shifters;



TEST CASE 18 - Thinned vs. Phased Array - 64 Elements - Time-

Varying Scenario

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a time-varying scenario.

Test Case Description
e Number of Elements N = 64
e Elements Spacing: d = 0.5\
e Phase Shifters number of bits: B =4
e Max Gain Pattern Direction : 8% = 90°, ¢ = 90°
e Desired Signal Power: 0dB
e Interference Power: 30 dB
e Noise Power: —30dB
e Timesteps: T' = 900

e Number of Interferences: N/ € [1 —5]; t=1,...,T

)

e Interference Direction Of Arrival: 9; = 90°, QS; € [0°
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Fig.234 - Arrival Angle

Optimization Approach: GA

e Number of Variables: X =32 (p, = —ont1-n,n=1,...,N/2,)

Population: 32
Crossover Probability: 0.9
Mutation Probability: 0.01

Number of Generations: 200



e Phases Optimization Range: ¢,, € [0 — 90]
e Directivity Unconstrained Case: D € [0 — 64] (linear scale)

e Directivity Constrained Case: D = 38 +0.1% (linear scale)



GA - Phased Array - 64 Elements - Time-Varying Scenario

| av{SINR[dB]} | var {SINR[dB]} | min {SINR[dB]} | maz {SINR[dB]} |

Phased, Unconstrained case 38.24 192.87 —30.00 48.06
Phased, Constrained case 35.16 227.47 —30.00 45.80
Thinned, Unconstrained case 26.80 308.50 —30.00 48.06
Thinned, Constrained case, n = 0.60 22.52 337.94 —30.00 45.80

Tab.53 - Statistical analysis of the signal-to-noise-plus-interference-ration expressed in dB values

SINR[dB]: average av {-}, variance var {-}, minimum min {-} and maximum max {-}.

| av{D[dB]} | var {D[dB]} | min{D[dB]} | maz{D[dB]} |

Phased, Unconstrained case 16.55 9.87 x 101 13.72 18.06
Phased, Constrained case 15.80 7.70 x 1076 15.79 15.80
Thinned, Unconstrained case 16.62 1.10 10.79 18.06
Thinned, Constrained case, n = 0.60 15.80 0 15.80 15.80

Tab.54 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}

and maximum mazx {-}.
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Fig.235 - SINR average comparison Fig.236 - Directivity comparison
Observations:

e Fig.235 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Il caso Thinned Constrained con = 0.60 comporta I'imposizione di un constraint sulla direttivita, che

rimane sempre fissa al valore D = 38 (15.80dB).

e Le prestazioni dei phased arrays rispetto ai thinned arrays in termini di STN R medio sono anche in questo
caso superiori, tuttavia la differenza di prestazioni ¢ piti contenuta; ¢ possibile osservare inoltre in Fig.236

una marcata escursione nei valori di direttivita per le antenne phased;



TEST CASE 19 - Thinned vs. Phased Array - 128 Elements - Time-

Varying Scenario

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal phased array configuration,
considering a time-varying scenario.
Test Case Description
e Number of Elements N = 128
e Elements Spacing: d = 0.5\
e Phase Shifters number of bits: B =4
e Max Gain Pattern Direction : 8% = 90°, ¢ = 90°
e Desired Signal Power: 0dB
e Interference Power: 30 dB
e Noise Power: —30dB
e Timesteps: T' = 900
e Number of Interferences: N/ € [1 —5]; t=1,...,T

e Interference Direction Of Arrival: 9; = 90°, QS; € [0°
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Optimization Approach: GA

e Number of Variables: X =64 (p, = —onNt1-n,n=1,...,N/2,)

Population: 64
Crossover Probability: 0.9
Mutation Probability: 0.01

Number of Generations: 200



e Phases Optimization Range: ¢,, € [0 — 70]
e Directivity Unconstrained Case: D € [0 — 128] (linear scale)

e Directivity Constrained Case: D = 76 + 0.1% (linear scale)



GA - minPwr Approach - 128 Elements - Time-Varying Scenario

| av{SINR[dB]} | var {SINR[dB]} | min {SINR[dB]} | maz {SINR[dB]} |

Phased, Unconstrained case 43.19 164.11 —30.00 51.07
Phased, Constrained case 45.18 120.20 —30.00 48.81
Thinned, Unconstrained case 29.73 322.26 —30.00 51.07
Thinned, Constrained case, n = 0.60 31.63 270.89 —30.00 48.81

Tab.55 - Statistical analysis of the signal-to-noise-plus-interference-ration expressed in dB values

SINR[dB]: average av {-}, variance var {-}, minimum min {-} and maximum max {-}.

| av{D[dB]} | var {D[dB]} | min{D[dB]} | maz{D[dB]} |

Phased, Unconstrained case 19.59 1.08 17.15 21.07
Phased, Constrained case 18.81 6.57 x 1076 18.80 18.81
Thinned, Unconstrained case 19.33 1.21 13.22 21.07
Thinned, Constrained case, n = 0.60 18.81 0 18.81 18.81

Tab.56 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}

and maximum mazx {-}.

Thinned, unconstrained —— Phased, unconstrained —— Thinned, unconstrained — Phased, unconstrained —
Thinned, constrained Phased, constrained —— Thinned, constrained Phased, constrained —
50 22
45 +
a0 r " )
= iz
= \ | 2
T ! £
= W (ALY i) A 2
2 AN A T \Md AR £
o0 W Nt [V 8
PN T i
25t I '
| W)
I 1
[l
20 L \' L L L L L L
0 100 200 300 400 500 600 700 800 900
Timestep [t] Timestep [t]
Fig.239 - SINR average comparison Fig.240 - Directivity comparison
Observations:

e Fig.239 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Il caso Thinned Constrained con = 0.60 comporta I'imposizione di un constraint sulla direttivita, che

rimane sempre fissa al valore D = 76 (18.81dB).

e Le prestazioni dei phased arrays rispetto ai thinned arrays in termini di STN R medio sono in questo caso
molto contenute; € possibile osservare inoltre in Fig.240 una marcata escursione nei valori di direttivita

per le antenne phased;

e Per la sintesi di thinned arrays é possibile inoltre, se necessario, inizializzare opportunamente la popo-
lazione in modo che sia composta da individui caratterizzati da un numero predefinito di bit attivi, al fine
di ridurre il tempo impiegato dall’algoritmo genetico per trovare la specifica soluzione richiesta e velociz-
zare quindi la sintesi stessa; nella sintesi di phased arrays non esiste invece una relazione tra numero di

bit attivi e direttivita del pattern sintetizzato.
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