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Abstract 
 

This  work  deals  with  the  design  of  contiguously  clustered  linear  phased  arrays 
matching user‐defined requirements in terms of far‐field radiated pattern. Towards 
this aim, a novel total‐variation compressive sensing (TV‐CS) methodology has been 
developed  and  customized  to  the  problem  at  hand  such  that  the  sparsity  of  the 
gradient  of  the  array  excitations  is maximized.  Thanks  to  such  an  approach,  it  is 
possible to obtain highly‐performing designs with a reduced number of sub‐arrays. 
Some  numerical  results  are  shown  to  assess  the  proposed  TV‐CS method  when 
dealing with  the clustering of  linear arrays  radiating Taylor patterns with different 
requirements on the side‐lobe level (SLL). 
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1 Numerial Assessment

1.1 Taylor - SLL = −40dB - N = 100

Array Geometry:

• Linear Array

• Number of Elements: N = 100

• Element Spaing: ∆LREF = λ/2

• Aperture Length: L = 49.5λ

Referene Pattern:

• Penil Beam, Taylor

• Number of elements: N = 100

• Transition Index: n = 6

• Sidelobe Ratio: SLL = −40dB

Pareto Parameters:

• Pattern Samples: K ∈ {4, 6, 8..., 20, 25, ..., 50, 60, 70, ..., 100, 300, 400, 500, 1000}

• Primary penalty parameter: µ ∈
{

2× 10−2, 2× 10−1, ..., 2× 1013
}

• Seondary penalty parameter: β ∈
{

2× 10−2, 2× 10−1, ..., 2× 1013
}

• mt ∈
{

1× 101, 2× 101, 5× 101, 1× 102, 5× 102, 1× 103
}

• mo ∈
{

5× 100, 5× 101, 1× 102, 5× 102, 1× 103
}

• De-noising Tolerane: τc = 1× 10−2

TV-CS Parameters:

• Starting primary penalty parameter: µ0 = µ (default)

• Starting seondary penalty parameter: β0 = β (default)

• Outer stopping tolerane: to = 1× 10−3
(default)

• Inner stopping tolerane: ti = 1× 10−3
(default)

• Isotropi/anisotropi TV �ag: FTV = 1

• Negative/Positive signal: FN = [false] (default)
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• TV/L2 �ag:FT2 = [false] (default)

• Real/Imaginary signal �ag: FR = [false] (default)

• Saling Matrix A �ag: FA = [true] (default)

• Saling Vetor B �ag: FB = [true] (default)

• Guess Solution: FG = 0 (all zeroes)

RESULTS

Pareto Front:

Figure 1: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ)−Pareto
front.

C ξ µ β K mt mo

13 2.76× 10−2 2× 10−2 2× 101 200 5× 102 1× 102

33 3.14× 10−3 2× 10−2 2× 100 100 1× 103 5× 102

39 1.59× 10−3 2× 10−2 2× 100 1000 1× 103 1× 102

Table I: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ)−Seleted
solutions.
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Number of Clusters: C = 13
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Figure 2: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 13)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b).
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Figure 3: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 13)-
−Exitations amplitude (a) and phase (b).
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Figure 4: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 13)-
−Array elements lustering on�guration.

C SLL [dB℄ BW [deg℄ Dmax [dB℄ DRRmax[dB℄ ξ
[

×10−2
]

Reference − −40.00 1.4265 18.85 9.68 −
TV − CS 13 −23.20 1.2561 19.37 4.79 2.76

Table II: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 13)-
−Array Performane Indexes.
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Number of Clusters: C = 33
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Figure 5: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 33)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b).
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Figure 6: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 33)-
−Exitations amplitude (a) and phase (b).
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Figure 7: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 33)-
−Array elements lustering on�guration.

C SLL [dB℄ BW [deg℄ Dmax [dB℄ DRRmax[dB℄ ξ
[

×10−3
]

Reference − −40.00 1.4265 18.85 9.68 −
TV − CS 33 −29.30 1.4321 18.80 7.75 3.14

Table III: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 33)-
−Array Performane Indexes.
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Number of Clusters: C = 39
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Figure 8: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 39)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b).
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Figure 9: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 39)-
−Exitations amplitude (a) and phase (b).
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Figure 10: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 39)-
−Array elements lustering on�guration.

C SLL [dB℄ BW [deg℄ Dmax [dB℄ DRRmax[dB℄ ξ
[

×10−3
]

Reference − −40.00 1.4265 18.85 9.68 −
TV − CS 39 −32.62 1.4316 18.82 8.28 1.59

Table IV: Performane Assessment (Taylor Pattern, N = 100, SLL = −40 dB, d = 0.5λ, L = 49.5λ, C = 39)-
−Array Performane Indexes.
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1.2 Taylor - SLL = −50dB - N = 100

Array Geometry:

• Linear Array

• Number of Elements: N = 100

• Element Spaing: ∆LREF = λ/2

• Aperture Length: L = 49.5λ

Referene Pattern:

• Penil Beam, Taylor

• Number of elements: N = 100

• Transition Index: n = 6

• Sidelobe Ratio: SLL = −50dB

Pareto Parameters:

• Pattern Samples: K ∈ {4, 6, 8..., 20, 25, ..., 50, 60, 70, ..., 100, 300, 400, 500, 1000}

• Primary penalty parameter: µ ∈
{

2× 10−2, 2× 10−1, ..., 2× 1013
}

• Seondary penalty parameter: β ∈
{

2× 10−2, 2× 10−1, ..., 2× 1013
}

• mt ∈
{

1× 101, 2× 101, 5× 101, 1× 102, 5× 102, 1× 103
}

• mo ∈
{

5× 100, 5× 101, 1× 102, 5× 102, 1× 103
}

• De-noising Tolerane: τc = 1× 10−2

TV-CS Parameters:

• Starting primary penalty parameter: µ0 = µ (default)

• Starting seondary penalty parameter: β0 = β (default)

• Outer stopping tolerane: to = 1× 10−3
(default)

• Inner stopping tolerane: ti = 1× 10−3
(default)

• Isotropi/anisotropi TV �ag: FTV = 1

• Negative/Positive signal: FN = [false] (default)

• TV/L2 �ag:FT2 = [false] (default)
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• Real/Imaginary signal �ag: FR = [false] (default)

• Saling Matrix A �ag: FA = [true] (default)

• Saling Vetor B �ag: FB = [true] (default)

• Guess Solution: FG = 0 (all zeroes)

RESULTS

Pareto Front:

Figure 11: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ)−Pareto
front.

C ξ µ β K mt mo

11 5.00× 10−2 2× 10−2 2× 101 200 5× 102 5× 101

23 1.34× 10−2 2× 10−1 2× 101 80 5× 102 5× 101

45 1.78× 10−3 2× 10−2 2× 100 200 1× 103 5× 102

Table V: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ)−Seleted
solutions.
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Number of Clusters: C = 11
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Figure 12: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 11)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b).
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Figure 13: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 11)-
−Exitations amplitude (a) and phase (b).
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Figure 14: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 11)-
−Array elements lustering on�guration.

C SLL [dB℄ BW [deg℄ Dmax [dB℄ DRRmax[dB℄ ξ
[

×10−2
]

Reference − −50.00 1.5513 18.47 13.08 −
TV − CS 11 −22.39 1.2681 19.30 4.81 5.00

Table VI: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 11)-
−Array Performane Indexes.
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Number of Clusters: C = 23
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Figure 15: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 23)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b).
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Figure 16: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 23)-
−Exitations amplitude (a) and phase (b).
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Figure 17: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 23)-
−Array elements lustering on�guration.

C SLL [dB℄ BW [deg℄ Dmax [dB℄ DRRmax[dB℄ ξ
[

×10−2
]

Reference − −50.00 1.5513 18.47 13.08 −
TV − CS 23 −24.52 1.4593 18.67 9.46 1.34

Table VII: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 23)-
−Array Performane Indexes.
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Number of Clusters: C = 45
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Figure 18: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 45)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b).
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Figure 19: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 45)-
−Exitations amplitude (a) and phase (b).
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Figure 20: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ, C = 45)-
−Array elements lustering on�guration.

C SLL [dB℄ BW [deg℄ Dmax [dB℄ DRRmax[dB℄ ξ
[

×10−3
]

Reference − −50.00 1.5513 18.47 13.08 −
TV − CS 45 −33.68 1.5393 18.49 10.11 1.78

Table VIII: Performane Assessment (Taylor Pattern, N = 100, SLL = −50 dB, d = 0.5λ, L = 49.5λ,
C = 45)−Array Performane Indexes.
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