Adaptive strategies comparison for interference
suppression in linear arrays

L. Poli, P. Rocca, M. Salucci, A. Massa

Abstract

Dealing with the adaptive nulling of the array radiation pattern, two strategies
are investigated in this report. The first one is aimed at maximizing the signal-to-
noise-plus-interference ratio whereas the second one is aimed at minimizing the
total power received at the output of the array. The performance analysis is
proposed in correspondence with a time-varying interference scenario.



TEST CASE 11 - SINR-max-based Approach - 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 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} € [l —5]; t=1,...,T

e Interference Direction Of Arrival: 9;- = 90°, qbé— €[0°—180°); j=1,..., N/
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Fig.205 - Number of Interferences Fig.206 - Arrival Angle

Optimization Approach: GA

e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16

e Crossover Probability: 0.9

e Mutation Probability: 0.01

e Number of Generations: 200

e Thinning Coefficient Range: 7 € [0.00 — 1.00], n € [0.40 — 0.80], n € [0.50 — 0.70], n € [0.55 — 0.65], n =
0.50, 77 = 0.55, n = 0.60, 17 = 0.65



GA - 32 Elements - Time-Varying Scenario

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

GA — 1 €[0.00 — 1.00] 16.66 393.26 -30.01 45.05
GA — n € [0.40 — 0.80] 17.24 392.68 -30.01 43.98
GA — n €[0.50 — 0.70] 16.62 403.00 —30.02 43.42
GA — n €[0.55 — 0.65] 15.30 402.10 —30.03 43.01
GA — n=10.50 11.24 424.60 -30.07 42.04
GA — n=20.55 10.11 446.70 —30.07 42.30
GA — n=10.60 10.93 437.06 —30.03 42.79
GA — n=10.65 13.41 433.55 —30.03 43.01

Tab.33 - Statistical analysis of the signal-to-noise-plus-interference-ration expressed in dB values

SINR[dB]: average av {-}, variance var {-}, minimum min {-} and maximum maz {-}.
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‘ av{Non} ‘ var {Non'} ‘ min{Non } ‘ mazx {Non } ‘

GA — 7 e[0.00—1.00] | 2245 39.28 4 32
GA — €040 —0.80] | 20.82 12.33 12 25
GA —ne[0.50—-0.70] | 20.15 3.52 16 22
GA — ne[0.55—0.65 | 18.95 1.33 17 20
GA — =050 16 0 16 16
GA — n=055 17 0 17 17
GA — n=0.60 19 0 19 19
GA — n =065 20 0 20 20

Tab.34 - Statistical analysis of the number of active elements Non: average av {-}, variance var {-},

minimum min {-} and maximum max {-}.



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

GA — 15 €[0.00 — 1.00] 13.32 1.79 6.02 15.05
GA — 1 €[0.40 — 0.80] 13.12 0.64 10.79 13.98
GA — 1 €[0.50 — 0.70] 13.02 0.18 12.04 13.42
GA — 1 €[0.55 — 0.65] 12.77 0.07 12.30 13.01
GA — n =050 12.04 0 12.04 12.04
GA — n =055 12.30 0 12.30 12.30
GA — n=0.60 12.79 0 12.79 12.79
GA — n=0.65 13.01 0 13.01 13.01

Tab.35 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}

and maximum max {-}.
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Fig.209 - Directivity comparison

Observations:

e Fig.207 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Fig.208 riporta il valore medio del SINR in dB calcolato distinguendo i timesteps con 1,2,3,4, e 5 inter-

ferenze;

e Le prestazioni della tecnica sono buone anche per casi constrained: il valore del SINR medio risulta sempre

superiore ai 10dB;



TEST CASE 12 - SINR-max-based - 64 Elements - Time-Varying Sce-

nario

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 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°, (b;" =42°
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Optimization Approach: GA

e Number of Variables: X =64 (o, n=1,...,N)

Population: 32

e Crossover Probability: 0.9

Mutation Probability: 0.01

Number of Generations: 200

Thinning Coefficient Range: n € [0.00 — 1.00], n € [0.40 — 0.80], n € [0.50 — 0.70], n € [0.55 — 0.65], n =
0.50, 77 = 0.55, n = 0.60



GA - 64 Elements - Time-Varying Scenario

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

GA — 1 €[0.00 — 1.00] 26.80 308.50 —30.00 48.06
GA — n € [0.40 — 0.80] 26.20 307.21 —30.00 47.08
GA — n €[0.50 — 0.70] 25.43 312.29 —30.00 46.43
GA — n €[0.55 — 0.65] 25.34 314.51 —30.00 46.13
GA — n=10.50 20.98 335.61 —30.00 45.05
GA — n=20.55 20.26 360.73 —30.00 45.44
GA — n=10.60 22.52 337.94 —30.00 45.80

Tab.36 - Statistical analysis of the signal-to-noise-plus-interference-ration expressed in dB values

SINR[dB]: average av {-}, variance var {-}, minimum min {-} and maximum maz {-}.
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‘ av{Non} ‘ var {Non'} ‘ min{Non } ‘ mazx {Non } ‘

GA — ne[0.00—1.00 | 47.18 114.85 12 64
GA — ne[0.40—0.80] | 44.50 29.21 25 51
GA —nel0.50—0.70] | 40.64 9.27 32 44
GA —nel0.55—0.65 | 38.92 3.32 35 41
GA — =050 32 0 32 32
GA — =055 35 0 35 35
GA — n=0.60 38 0 38 38

Tab.37 - Statistical analysis of the number of active elements Non: average av {-}, variance var {-},

minimum min {-} and maximum max {-}.



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

GA — 1 €[0.00 — 1.00] 16.62 1.10 10.79 18.06
GA — 1 €[0.40 — 0.80] 16.45 0.33 13.98 17.08
GA — 1 €[0.50 — 0.70] 16.08 0.11 15.05 16.43
GA — 1 €[0.55 — 0.65] 15.90 0.04 15.44 16.13
GA — n=0.50 15.05 0 15.05 15.05
GA — n=0.55 15.44 0 15.44 15.44
GA — n=10.60 15.80 0 15.80 15.80

Tab.38 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}

and maximum mazx {-}.
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Fig.214 - Directivity comparison

Observations:

e Fig.212 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Fig.213 riporta il valore medio del SINR in dB calcolato distinguendo i timesteps con 1,2,3,4, e 5 inter-

ferenze;

e Le prestazioni della tecnica sono buone anche per casi constrained: il valore del SINR medio risulta sempre

superiore ai 20dB;



TEST CASE 13 - SINR-max-based - 128 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 = 128
e Elements Spacing: d = 0.5\
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} € [l —5]; t=1,...,T

e Interference Direction Of Arrival: 9;- = 90°, qbé— €[0°—180°); j=1,..., N/
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Optimization Approach: GA

e Number of Variables: X =128 (o, n =1,..., N)
e Population: 64

e Crossover Probability: 0.9

e Mutation Probability: 0.01

e Number of Generations: 200

e Thinning Coefficient Range: 7 € [0.00 — 1.00], n € [0.40 — 0.80], n € [0.50 — 0.70], n € [0.55 — 0.65], n =
0.50, 77 = 0.55, n = 0.60



GA - 128 Elements - Time-Varying Scenario

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

GA — 1 €[0.00 — 1.00] 29.73 322.26 —30.00 51.07
GA — n € [0.40 — 0.80] 29.67 309.42 —30.00 50.09
GA — n €[0.50 — 0.70] 29.46 305.78 —30.00 49.49
GA — n €[0.55 — 0.65] 29.41 301.62 —30.00 49.19
GA — n=10.50 30.38 275.39 —30.00 48.06
GA — n=20.55 31.12 283.91 —30.00 48.45
GA — n=10.60 31.63 270.89 —30.00 48.81

Tab.39 - Statistical analysis of the signal-to-noise-plus-interference-ration expressed in dB values

SINR[dB]: average av {-}, variance var {-}, minimum min {-} and maximum maz {-}.
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Fig.218 - SINR average comparison

‘ av{Non} ‘ var {Non'} ‘ min{Non } ‘ mazx {Non } ‘

GA — e 0.00—1.00] | 88.61 542.72 21 128
GA — ne[0.40—0.80] | 85.26 129.58 52 102
GA — ne[0.50—-0.70] | 8157 34.84 64 89
GA — nel055—0.65 | 7819 14.61 70 83
GA — 5 =0.50 64 64 64
GA — =055 70 70 70
GA — 1 =0.60 76 76 76

Tab.40 - Statistical analysis of the number of active elements Non: average av {-}, variance var {-},

minimum min {-} and maximum max {-}.




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

GA — 1 €[0.00 — 1.00] 19.33 1.21 13.22 21.07
GA — 1 €[0.40 — 0.80] 19.27 0.34 17.16 20.09
GA — n €[0.50 — 0.70] 19.10 0.10 18.06 19.49
GA — n€[0.55—0.65] 18.45 4.56 x 102 18.93 19.19
GA — n=0.50 18.06 0 18.06 18.06
GA — n=0.55 18.45 0 18.45 18.45
GA — n=0.60 18.81 0 18.81 18.81

Tab.41 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}
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100

e Fig.217 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Fig.218 riporta il valore medio del SINR in dB calcolato distinguendo i timesteps con 1,2,3,4, e 5 inter-

ferenze;

e Le prestazioni della tecnica sono buone anche per casi constrained: il valore del SINR medio risulta sempre

circa uguale a 30dB;
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TEST CASE 14 - MinPwr Approach - 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 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} € [l —5]; t=1,...,T

e Interference Direction Of Arrival: #% = 90°, ¢} € [0°
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Fig.220 - Number of Interferences

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01

e Number of Generations: 200
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Fig.221 - Arrival Angle

e Thinning Coefficient Range: n € [0.40 — 0.80], n € [0.50 — 0.70], n € [0.55 — 0.65], n = 0.50, n = 0.55, n =

0.60, n = 0.65
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GA - minPwr Approach - 32 Elements - Time-Varying Scenario

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

GA — n € [0.40 — 0.80] 12.90 372.35 —30.06 40.79
GA — n € [0.50 — 0.70] 13.81 374.44 —30.02 42.04
GA — n € [0.55 — 0.65] 13.84 377.14 —30.06 42.55
GA — n=10.50 11.24 424.60 -30.07 42.04
GA — n=0.55 10.11 446.70 -30.07 42.30
GA — n=10.60 10.93 437.06 —30.03 42.79
GA — n=20.65 13.41 433.55 —30.03 43.01

Tab.42 - Statistical analysis of the signal-to-noise-plus-interference-ration expressed in dB values

SINR[dB]: average av {-}, variance var {-}, minimum min {-} and maximum maz {-}.
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Fig.222 - SINR average comparison

‘ av{Non} ‘ var {Non'} ‘ min{Non } ‘ mazx {Non } ‘

GA —nel0.40—0.80] | 13.55 4.36 12 24
GA —nel0.50—0.70] | 16.82 1.73 16 22
GA —nel0.55—0.65 | 17.66 0.75 17 20
GA — =050 16 0 16 16
GA — =055 17 0 17 17
GA — n=0.60 19 0 19 19
GA — =065 20 0 20 20

Tab.43 - Statistical analysis of the number of active elements Non: average av {-}, variance var {-},

minimum min {-} and maximum max {-}.

12



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

GA — 1 €[0.40 — 0.80] 11.27 3.73 x 107! 10.79 13.80
GA — n€[0.50 — 0.70] 12.25 1.03 x 10~ 12.04 13.42
GA — n€[0.55—0.65] 12.46 4.30 x 1072 12.30 13.01
GA — 1 =050 12.04 0 12.04 12.04
GA — 1 =0.55 12.30 0 12.30 12.30
GA — 1 =0.60 12.79 0 12.79 12.79
GA — 1 =0.65 13.01 0 13.01 13.01

Tab.44 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}
and maximum mazx {-}.
Observations:
e Fig.222 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Le prestazioni della tecnica sono di poco inferiori rispetto alla tecnica SINR-based per i casi in cui 75
¢ definito all’interno di un intervallo: tendenzialmente la tecnica cerca soluzioni con il minimo numero

possibile di elementi attivi;

e E’ interessante osservare che le soluzioni ricavate dalla tecnica minPwr nel caso in cui si condideri 1 definito
da un singolo valore sono le stesse ricavate dalla tecnica SINR-based (partendo dalla stessa inizializzazione

della popolazione): di conseguenza otteniamo in questo caso pari prestazioni;
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TEST CASE 15 - MinPwr Approach - 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 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} € [l —5]; t=1,...,T

e Interference Direction Of Arrival: 9;- = 90°, qbé— €[0°—180°); j=1,..., N/
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Optimization Approach: GA

e Number of Variables: X =64 (a,, n=1,...,N)

Population: 32

Crossover Probability: 0.9

Mutation Probability: 0.01

Number of Generations: 200

e Thinning Coefficient Range: 7 € [0.40—0.80], n € [0.50—0.70], n € [0.55—0.65], n = 0.50, 7 = 0.55, n = 0.60
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GA - minPwr Approach - 64 Elements - Time-Varying Scenario

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

GA — n € [0.40 — 0.80] 18.47 299.24 -30.01 44.15
GA — n € [0.50 — 0.70] 20.98 303.60 —30.00 45.05
GA — n € [0.55 — 0.65] 22.31 305.73 —30.00 45.56
GA — n=10.50 20.98 335.61 —30.00 45.05
GA — n=0.55 20.26 360.73 —30.00 45.44
GA — n=10.60 22.52 337.94 —30.00 45.80

Tab.45 - 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 {-}.
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Fig.225 - SINR average comparison

‘ av{Non} ‘ var {Non'} ‘ min{Non } ‘ mazx {Non } ‘

GA — n €[0.40 — 0.80] 26.41 4.91 25 40
GA — n €[0.50 — 0.70] 32.63 1.57 32 40
GA — n €[0.55 — 0.65] 35.45 0.71 35 41
GA — n=10.50 64 0 64 64
GA — n=0.55 70 0 70 70
GA — n=10.60 76 0 76 76

Tab.46 - Statistical analysis of the number of active elements Non: average av {-}, variance var {-},

minimum min {-} and maximum maz {-}.
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| av{DaB} | var {D[dB]} | min{D[dB]} | maz{D[dB]} |

GA — 1 €[0.40 — 0.80] 14.20 1.14 x 10~ 13.97 16.02
GA — n€[0.50 — 0.70] 15.13 2.55 x 1072 15.05 16.02
GA — n€[0.55—0.65] 15.49 1.00 x 102 15.44 16.13
GA — =050 15.05 0 15.05 15.05
GA — n=0.55 15.44 0 15.44 15.44
GA — n=0.60 15.80 0 15.80 15.80

Tab.47 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}

and maximum mazx {-}.

Observations:
e Fig.225 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Le prestazioni della tecnica sono di poco inferiori rispetto alla tecnica SINR-based per i casi in cui 75
¢ definito all’interno di un intervallo: tendenzialmente la tecnica cerca soluzioni con il minimo numero

possibile di elementi attivi;

e E’ interessante osservare che le soluzioni ricavate dalla tecnica minPwr nel caso in cui si condideri 1 definito
da un singolo valore sono le stesse ricavate dalla tecnica SINR-based (partendo dalla stessa inizializzazione

della popolazione): di conseguenza otteniamo in questo caso pari prestazioni;
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TEST CASE 16 - MinPwr Approach - 128 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 = 128
e Elements Spacing: d = 0.5\
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} € [l —5]; t=1,...,T

e Interference Direction Of Arrival: 9;- = 90°, qbé— €[0°—180°); j=1,..., N/

6 180 15 = e R
X x X gKox X x*xxwxx:
160 ¥, X X X x . X X X x Xl % x %
REEEE I e x X x x
5 x X0 %o g XX x X% x
% X X kL X x
140 b e XX e EEETEE T T R
Y Xx X 5 x x_ X x X X Xx X x
51 20 X xx * ;Sxx x X x X>o<x>2<x X X o X <%
= 4 H [3) 120 x x " x x5 % XX x xx XX XX
2 % x " x % X X;:(xxxx x* o X % Kk
x X x
5 S00 b ¥ % S SRS xR S5 X%
g 2 x X e XX e X xX 25
= 3 2 oo x gl Y xR e Rk X
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€ T 60 ko E T xR g T
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0 50 100 150 200 250 0 100 200 300 400 500 600 700 800 900
Timestep [t] Timestep [t]
Fig.226 - Number of Interferences Fig.227 - Arrival Angle

Optimization Approach: GA

e Number of Variables: X =128 (ay,, n =1,...,N)

Population: 64

Crossover Probability: 0.9

Mutation Probability: 0.01

Number of Generations: 200

e Thinning Coefficient Range: 7 € [0.40—0.80], n € [0.50—0.70], n € [0.55—0.65], n = 0.50, 7 = 0.55, n = 0.60

17



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

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

GA — n € [0.40 — 0.80] 20.70 302.30 -30.01 47.16
GA — n € [0.50 — 0.70] 23.80 295.25 —30.00 48.06
GA — n € [0.55 — 0.65] 25.62 294.55 —30.00 48.45
GA — n=10.50 30.38 275.39 —30.00 48.06
GA — n=0.55 31.12 283.91 —30.00 48.45
GA — n=10.60 31.63 270.89 —30.00 48.81

Tab.48 - 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 {-}.
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40

351

30

SINR [dB]

25 -

20

. . . . . . . .
0 100 200 300 400 500 600 700 800 900
Timestep [t]

Fig.228 - SINR average comparison

‘ av{Non} ‘ var {Non'} ‘ min{Non } ‘ mazx {Non } ‘

GA —ne[0.40—0.80] | 52.89 8.95 51 67
GA —nel0.50—0.70] | 64.96 3.37 64 80
GA —nel0.55—0.65 | 70.66 1.95 70 80
GA — =050 64 0 64 64
GA — =055 70 0 70 70
GA — n=0.60 76 0 76 76

Tab.49 - Statistical analysis of the number of active elements Non: average av {-}, variance var {-},

minimum min {-} and maximum maz {-}.
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| av{DaB} | var {D[dB]} | min{D[dB]} | maz{D[dB]} |

GA — 1 €[0.40 — 0.80] 17.23 5.47 x 1072 17.08 18.26
GA — n€[0.50 — 0.70] 18.12 1.40 x 102 18.06 19.03
GA — n€[0.55—0.65] 18.48 6.97 x 1073 18.45 19.03
GA — =050 18.06 0 18.06 18.06
GA — n=0.55 18.45 0 18.45 18.45
GA — n=0.60 18.81 0 18.81 18.81

Tab.50 - Statistical analysis of the directivity D [dB]: average av {-}, variance var {-}, minimum min {-}

Ob

and maximum mazx {-}.

servations:
e Fig.228 riporta 'andamento medio del SIN R in dB mediato sui 50 timesteps precedenti;

e Le prestazioni della tecnica sono inferiori rispetto alla tecnica SINR-based per i casi in cui 7 € definito
all’interno di un intervallo: tendenzialmente la tecnica cerca soluzioni con il minimo numero possibile di

elementi attivi;

e E’ interessante osservare che le soluzioni ricavate dalla tecnica minPwr nel caso in cui si condideri 1 definito
da un singolo valore sono le stesse ricavate dalla tecnica SINR-based (partendo dalla stessa inizializzazione

della popolazione): di conseguenza otteniamo in questo caso pari prestazioni;
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