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Part I

Numerical Assessment

1 Irregular Phased Array Square (1× 1, 2× 2)-Tiling

1.1 Antenna Aperture: Rectangle 5× 8 Elements

1.1.1 NON-ISOPHORIC EXCITATIONS

Exhaustive Tiling Method: (m×m, 2m× 2m)-BMTM

Array Analysis Parameters:

• Total Number of Elements: J = 40;

• Spacing: d = λ/2;

• Number of Samples along u: 256;

• Number of Samples along v: 256;

• Steering Direction: (θs, φs) = {(0◦, 0◦)};

• Tapering: CP - Symmetric Mask;

• Main Lobe Window Width along u: MWu = 0.7 [u];

• Main Lobe Window Width along v: MWv = 1.10 [v];

• Side Lobe levels: SLL1 = −30 [dB];

Figure 1: The power pattern mask used for the reference tapering optimization with CP .

Tiling Parameters:

• Small Tile: S1-tile: 1× 1;

• Big Tile: S2-tile: 2× 2;
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• Clustering Ratio S1-tile: 1 : 1;

• Clustering Ratio S2-tile: 1 : 4;

• Total Number of Configurations: Γ = 16334;

ELEDIA Research Center - Student Report page 4/36



NUMERICAL RESULTS
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Figure 2: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - SLL vs. Number of TRM (a), Directivity
vs. Number of TRM (b), HPBW (Az) vs. Number of TRM (c) and HPBW (El) vs. Number of TRM (d).

Statistics

Max Min Mean Variance

SLL [dB] −10.03 −29.93 −18.08 6.33
D [dBi] 19.56 19.11 19.38 3.48× 10−3

HPBWaz [deg] 16.43 15.63 15.97 1.64× 10−2

HPBWel [deg] 26.39 22.67 24.57 0.35

Table I: Run Statistics
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Number of TRM: 28
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Figure 3: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Tiling configuration and weights

coefficients value.
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Figure 4: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Reference −29.93 19, 36 16.43 26.39
Solution−Best −23.08 19.40 16.02 25.31
Solution−Worst −12.42 19.20 16.28 23.52

Table II: Pattern descriptors for the presented solutions.
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Number of TRM: 19
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Figure 5: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Tiling configuration and weights

coefficients value.
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Figure 6: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Reference −29.93 19, 36 16.43 26.39
Solution−Best −19.26 19.44 15.76 24.22
Solution−Worst −10.32 19.12 15.93 22.77

Table III: Pattern descriptors for the presented solutions.
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Optimization-based Tiling Method: (m×m, 2m× 2m)-BMTM Integer GA

Array Analysis Parameters:

• Total Number of Elements: J = 40;

• Spacing: d = λ/2;

• Number of Samples along u: 256;

• Number of Samples along v: 256;

• Steering Direction: (θs, φs) = {(0◦, 0◦)};

• Tapering: CP - Symmetric Mask;

• Main Lobe Window Width along u: MWu = 0.7 [u];

• Main Lobe Window Width along v: MWv = 1.10 [v];

• Side Lobe levels: SLL1 = −30 [dB];

Figure 7: The power pattern mask used for the reference tapering optimization with CP .

Tiling Parameters:

• Small Tile: S1-tile: 1× 1;

• Big Tile: S2-tile: 2× 2;

• Clustering Ratio S1-tile: 1 : 1;

• Clustering Ratio S2-tile: 1 : 4;

• Total Number of Configurations: Γ = 16334;
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GA Parameters:

• GA type: Integer Genetic Algorithm;

• Population size: P = 10;

• Crossover probability: pCR = 0.9;

• Mutation probability: pM = 0.1;

• Chromosome length: l = 4;

• Maximum number of generations: K = 82;

• Maximum number of allowed TRM: TRM = 28;

• Maximum number of functional evaluation calls: NFE = P ×K = 820;

• Number of initial Populations: Npop = 5;

• Number of GA random Seeds: NSeed = 18;

• Total number of Runs: NRuns = Npop ×NSeed = 90;
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NUMERICAL RESULTS

Number of TRM: 28
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Figure 8: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - SLL vs. Iterations.

Statistics

Max Min Mean Variance

SLL [dB] −19.60 −23.08 −22.31 0.40

Table IV: Runs Statistics
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Figure 9: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Tiling configuration and weights

coefficients value.
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Figure 10: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Reference −29.93 19, 36 16.43 26.39
ETM −Best −23.08 19.40 16.02 25.31

Solution−Best −23.08 19, 40 16.01 25.31

Table V: Pattern descriptors for the presented solutions.
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Multi-Objective Optimization-based Tiling Method: (m×m, 2m× 2m)-BMTM NSGA-III

Array Analysis Parameters:

• Total Number of Elements: J = 40;

• Spacing: d = λ/2;

• Number of Samples along u: 512;

• Number of Samples along v: 512;

• Steering Direction: (θs, φs) = {(0◦, 0◦)};

• Tapering: CP - Symmetric Mask;

• Main Lobe Window Width along u: MWu = 0.7 [u];

• Main Lobe Window Width along v: MWv = 1.10 [v];

• Side Lobe levels: SLL1 = −30 [dB];

Figure 11: The power pattern mask used for the reference tapering optimization with CP .

Tiling Parameters:

• Small Tile: S1-tile: 1× 1;

• Big Tile: S2-tile: 2× 2;

• Clustering Ratio S1-tile: 1 : 1;

• Clustering Ratio S2-tile: 1 : 4;

• Total Number of Configurations: Γ = 16334;
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NSGA-III Parameters:

• Population size: P = 10;

• Chromosome length: l = 4;

• Maximum number of generations: K = 82;

• Maximum number of functional evaluation calls: NFE = P ×K = 820;

• Objectives:

1. Side-lobe Level: SLL [dB];

2. Number of TRM: TRM ;

• Number of initial Populations: Npop = 5;

• Number of GA random Seeds: NSeed = 5;

• Total number of Runs: NRuns = Npop ×NSeed = 25;
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NUMERICAL RESULTS
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Figure 12: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Approximation Set: Objective 1 (SLL)

vs. Objective 2 (Number of TRM).

Statistics

Max Min Mean Variance

SLL [dB] −12.60 −29.93 −20.40 5.21

Table VI: Runs Statistics
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Figure 13: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Tiling configuration and weights

coefficients value.
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Figure 14: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Reference −29.93 19, 36 16.43 26.39
Solution−Best −29.93 19, 36 16.43 26.39

Table VII: Pattern descriptors for the presented solutions.
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Number of TRM=28
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Figure 15: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Tiling configuration and weights

coefficients value.
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Figure 16: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Reference −29.93 19, 36 16.43 26.39
ETM −Best −23.08 19.40 16.02 25.31

Solution−Best −21.92 19.36 16.08 25.48

Table VIII: Pattern descriptors for the presented solutions.
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OUTCOME As can be seen from the figure below both the ETM and OTM methods have led to the same identical

optimal tiling. But unlike the ETM, the OTM was able to find the optimum by exploring only a small fraction of the space

of the solutions.
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Figure 17: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - SLL vs. Sorted Index: ETM vs. OTM

(SOP).
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Figure 18: Numerical Assessment (dx = dy = 0.5 [λ], k = 5, q = 8, J = 40) - Approximation Sets (SLL vs. Number

of TRM) comparison: ETM vs. OTM (SOP and MOP).
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1.2 Antenna Aperture: Rectangle 10× 10 Elements

1.2.1 ISOPHORIC EXCITATIONS

Optimization-based Tiling Method: (m, 2m)-BMTM Integer GA

Array Analysis Parameters:

• Total Number of Elements: J = 100;

• Spacing: d = λ/2;

• Number of Samples along u: 512;

• Number of Samples along v: 512;

• Steering Direction: (θs, φs) = {(0◦, 0◦)};

• Tapering: Isophoric;

Tiling Parameters:

• Small Tile: S1-tile: 1× 1;

• Big Tile: S2-tile: 2× 2;

• Clustering Ratio S1-tile: 1 : 1;

• Clustering Ratio S2-tile: 1 : 4;

• Total Number of Configurations: Γ = 2.69× 1011;

ELEDIA Research Center - Student Report page 20/36



GA Parameters:

• GA type: Integer Genetic Algorithm;

• Population size: P = 63;

• Crossover probability: pCR = 0.9:

• Mutation probability: pM = 0.01;

• Chromosome length: l = 9;

• Maximum number of generations: K = 30000;

• Maximum number of functional evaluation calls: NFE = P ×K = 18.9× 105;

• Maximum number of allowed TRM: TRM = 100;

• Number of initial Populations: Npop = 5;

• Number of GA random Seeds: NSeed = 18;

• Total number of Runs: NRuns = Npop ×NSeed = 90;
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NUMERICAL RESULTS

Number of TRM: 64
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Figure 19: Numerical Assessment (dx = dy = 0.5 [λ], k = 10, q = 10, J = 100) - SLL vs. Iterations.

Statistics

Max Min Mean Variance

SLL [dB] −13.49 −18.99 −18.05 0.42

Table IX: Runs Statistics
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Figure 20: Numerical Assessment (dx = dy = 0.5 [λ], k = 10, q = 10, J = 100) - Tiling configuration and weights

coefficients value.
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Figure 21: Numerical Assessment (dx = dy = 0.5 [λ], k = 10, q = 10, J = 100) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Solution−Best −18.99 24.28 11.17 11.17

Table X: Pattern descriptors for the presented solutions.
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Multi-Objective Optimization-based Tiling Method: (m×m, 2m× 2m)-BMTM NSGA-III

Array Analysis Parameters:

• Total Number of Elements: J = 100;

• Spacing: d = λ/2;

• Number of Samples along u: 512;

• Number of Samples along v: 512;

• Steering Direction: (θs, φs) = {(0◦, 0◦)};

• Tapering: Isophoric;

Tiling Parameters:

• Small Tile: S1-tile: 1× 1;

• Big Tile: S2-tile: 2× 2;

• Clustering Ratio S1-tile: 1 : 1;

• Clustering Ratio S2-tile: 1 : 4;

• Total Number of Configurations: Γ = 2.69× 1011;

NSGA-III Parameters:

• Population size: P = 63;

• Chromosome length: l = 9;

• Maximum number of generations: K = 15000;

• Maximum number of functional evaluation calls: NFE = P ×K = 94.5× 104;

• Objectives:

1. Side-lobe Level: SLL [dB];

2. Directivity: D [dBi];

3. Number of TRM: TRM ;

• Number of initial Populations: Npop = 5.

• Number of GA random Seeds: NSeed = 5.

• Total number of Runs: NRuns = Npop ×NSeed = 25.
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NUMERICAL RESULTS

Figure 22: Numerical Assessment (dx = dy = 0.5 [λ], k = 10, q = 10, J = 100) - Approximation Set: Objective 1
(SLL) vs. Objective 3 (Number of TRM).

Statistics

Max Min Mean Variance

SLL [dB] −9.46 −18.99 −16.11 2.70
D [dBi] 24.56 23.85 24.08 3.17× 10−2

Table XI: Runs Statistics
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Number of TRM=64
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Figure 23: Numerical Assessment (dx = dy = 0.5 [λ], k = 10, q = 10, J = 100) - Tiling configuration and weights

coefficients value.
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Figure 24: Numerical Assessment (dx = dy = 0.5 [λ], k = 10, q = 10, J = 100) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Solution−Best −18.99 24.28 11.17 11.17

Table XII: Pattern descriptors for the presented solutions.
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OUTCOME
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Figure 25: Numerical Assessment (dx = dy = 0.5 [λ], k = 10, q = 10, J = 100) - SLL vs. Number of TRM: SOP vs.

MOP.
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2 Irregular Phased Array Square (1× 1, 4× 4)-Tiling

2.1 Antenna Aperture: Rectangle 50× 30 Elements

2.1.1 ISOPHORIC EXCITATIONS

Optimization-based Tiling Method: (m×m, 2m× 2m)-BMTM Integer GA

Array Analysis Parameters:

• Total Number of Elements: J = 1500;

• Spacing: d = λ/2;

• Number of Samples along u: 512;

• Number of Samples along v: 512;

• Steering Direction: (θs, φs) = {(0◦, 0◦)};

• Tapering: Isophoric;

Tiling Parameters:

• Small Tile: S1-tile: 1× 1;

• Big Tile: S2-tile: 2× 2;

• Clustering Ratio S1-tile: 1 : 1;

• Clustering Ratio S2-tile: 1 : 4;
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GA Parameters:

• GA type: Integer Genetic Algorithm.

• Population size: P = 50;

• Crossover probability: pCR = 0.9;

• Mutation probability: pM = 0.1;

• Chromosome length: l = 47;

• Maximum number of generations: K = 10000;

• Maximum number of allowed TRM: TRM = 1500;

• Maximum number of functional evaluation calls: NFE = P ×K = 5.0× 105;

• Number of initial Populations: Npop = 1;

• Number of GA random Seeds: NSeed = 3;

• Total number of Runs: NRuns = Npop ×NSeed = 3;
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NUMERICAL RESULTS

Number of TRM: 810
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Figure 26: Numerical Assessment (dx = dy = 0.5 [λ], k = 20, q = 20, J = 400) - SLL vs. Iterations.

Statistics

Max Min Mean Variance

SLL [dB] −20.89 −22.50 −22.34 1.99× 10−2

Table XIII: Runs Statistics
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◦, φ = 0

◦)

Layout/T iling Amplitudes Phases

S
ol
u
ti
on

−
B
es
t

-12.5

-10

-7.5

-5

-2.5

 0

 2.5

 5

 7.5

 10

 12.5

-7.5 -6 -4.5 -3 -1.5  0  1.5  3  4.5  6  7.5

y/
λ

x/λ

-12.5

-10

-7.5

-5

-2.5

 0

 2.5

 5

 7.5

 10

 12.5

-7.5 -6 -4.5 -3 -1.5  0  1.5  3  4.5  6  7.5

y/
λ

x/λ

 0

 0.25

 0.5

 0.75

 1

E
xc

ita
tio

n 
A

m
pl

itu
de

 [a
rb

itr
ar

y 
un

it]
-12.5

-10

-7.5

-5

-2.5

 0

 2.5

 5

 7.5

 10

 12.5

-7.5 -6 -4.5 -3 -1.5  0  1.5  3  4.5  6  7.5

y/
λ

x/λ

-π

-π/2

 0

π/2

π

E
xc

ita
tio

n 
P

ha
se

 [r
ad

]

Figure 27: Numerical Assessment (dx = dy = 0.5 [λ], k = 20, q = 20, J = 400) - Tiling configuration and weights

coefficients value.
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Figure 28: Numerical Assessment (dx = dy = 0.5 [λ], k = 20, q = 20, J = 400) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Solution−Best −22.50 35.25 3.95 2.33

Table XIV: Pattern descriptors for the presented solutions.
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Direction (θ = 5
◦, φ = 0

◦)

Layout/T iling Amplitudes Phases
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Figure 29: Numerical Assessment (dx = dy = 0.5 [λ], k = 20, q = 20, J = 400) - Tiling configuration and weights

coefficients value.
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Figure 30: Numerical Assessment (dx = dy = 0.5 [λ], k = 20, q = 20, J = 400) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Solution−Best −21.79 35.11 3.98 2.34

Table XV: Pattern descriptors for the presented solutions.
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Direction (θ = 5
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Figure 31: Numerical Assessment (dx = dy = 0.5 [λ], k = 20, q = 20, J = 400) - Tiling configuration and weights

coefficients value.
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Figure 32: Numerical Assessment (dx = dy = 0.5 [λ], k = 20, q = 20, J = 400) - Power patterns of the solutions.

SLL [dB] D [dBi] HPBWaz [deg] HPBWel [deg]

Solution−Best −22.08 35.12 3.97 2.35

Table XVI: Pattern descriptors for the presented solutions.
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More information on the topics of this document can be found in the following list of references.
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