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Abstract 
 

In this work, the design of  linear clustered arrays  is addressed by means of a novel 
compressive  sensing  (CS)  methodology.  More  in  detail,  the  synthesis  of  the 
beamforming network (BFN) is recast within a total‐variation (TV) formulation aimed 
at  minimizing  the  discrete  gradient  of  the  array  excitation  weights.  A  set  of 
representative results  is reported to verify the effectiveness of the proposed TV‐CS 
methodology when  dealing with  the  design  of  linear  arrays with  non‐contiguous 
clusters. 
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1 Numeri
al Results

1.1 Taylor - SLL = −20dB - N = 40

Array Geometry:

• Linear Array

• Number of Elements: N = 40

• Element Spa
ing: ∆LREF = λ/2

• Aperture Length: L = 19.5λ

Referen
e Pattern:

• Pen
il Beam, Taylor

• Number of elements: N = 40

• Transition Index: n = 6

• Sidelobe Ratio: SLL = −20dB

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
}

• Se
ondary penalty parameter: β ∈
{

2× 10−2, 2× 10−1, ..., 2× 1013
}

• mt ∈
{

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

• mo ∈
{

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

Clustering Parameters:

• Cluster Magnitude Toleran
e: τC = 1.0× 10−3

TV-CS Parameters:

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

• Starting se
ondary penalty parameter: β0 = β (default)

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

• Inner stopping toleran
e: ti = 1× 10−3
(default)
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• Isotropi
/anisotropi
 TV �ag: FTV = 1

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

• TV/L2 �ag:FT2 = [false] (default)

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

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

• S
aling Ve
tor B �ag: FB = [true] (default)

• Guess Solution: FG = 0 (all zeroes)

RESULTS

Pareto Front:

Figure 1: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ)−Pareto
front

C ξ µ β K mt mo

4 4.52× 10−3 2× 10−2 2× 100 500 2× 103 1× 103

8 3.56× 10−3 2× 10−2 2× 101 90 2× 103 5× 102

12 2.05× 10−4 2× 10−2 2× 101 90 1× 103 5× 102

Table I: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ)−Sele
ted
solutions.
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Number of Clusters: C = 4
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Figure 2: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 4)-
−Power pattern.
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Figure 3: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 4)-
−Ex
itations amplitude (a) and phase (b).
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Figure 4: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 4)-
−Array elements 
lustering 
on�guration.

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

×10−3
]

Reference − −19.80 2.7114 15.89 2.37 −
TV − CS 4 −19.44 2.7447 15.88 1.74 4.52

Table II: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 4)-
−Array Performan
e Indexes.
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Number of Clusters: C = 8
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Figure 5: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 8)-
−Power pattern
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Figure 6: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 8)-
−Ex
itations amplitude (a) and phase (b).
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Figure 7: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 8)-
−Array elements 
lustering 
on�guration.

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

×10−3
]

Reference − −19.80 2.7114 15.89 2.37 −
TV − CS 8 −19.46 2.7523 15.88 1.85 3.56

Table III: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 8)-
−Array Performan
e Indexes.
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Number of Clusters: C = 12
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Figure 8: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 12)-
−Power pattern.

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 1.1

-10 -8 -6 -4 -2  0  2  4  6  8  10

E
xc

ita
tio

n 
A

m
pl

itu
de

 [n
or

m
al

iz
ed

 v
al

ue
]

x/λ [normalized value]

Taylor, N=40, SLL=-20dB, L=19.5λ

Reference TV-CS

-π

-π/2

0

π/2

π

-10 -8 -6 -4 -2  0  2  4  6  8  10

E
xc

ita
tio

n 
P

ha
se

 [n
or

m
al

iz
ed

 v
al

ue
]

x/λ [normalized value]

Taylor, N=40, SLL=-20dB, L=19.5λ

Reference TV-CS

(a) (b)

Figure 9: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 12)-
−Ex
itations amplitude (a) and phase (b).
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Figure 10: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 12)-
−Array elements 
lustering 
on�guration.

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

×10−4
]

Reference − −19.80 2.7114 15.89 2.37 −
TV − CS 12 −19.71 2.7123 15.89 2.15 2.05

Table IV: Performan
e Assessment (Taylor Pattern, N = 40, SLL = −20 dB, d = 0.5λ, L = 19.5λ, C = 12)-
−Array Performan
e Indexes.
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1.2 Taylor - SLL = −20dB - N = 100

Array Geometry:

• Linear Array

• Number of Elements: N = 100

• Element Spa
ing: ∆LREF = λ/2

• Aperture Length: L = 49.5λ

Referen
e Pattern:

• Pen
il Beam, Taylor

• Number of elements: N = 100

• Transition Index: n = 6

• Sidelobe Ratio: SLL = −20dB

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
}

• Se
ondary penalty parameter: β ∈
{

2× 10−2, 2× 10−1, ..., 2× 1013
}

• mt ∈
{

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

• mo ∈
{

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

Clustering Parameters:

• Cluster Magnitude Toleran
e: τC = 1.0× 10−3

TV-CS Parameters:

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

• Starting se
ondary penalty parameter: β0 = β (default)

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

• Inner stopping toleran
e: 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)

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

• S
aling Ve
tor B �ag: FB = [true] (default)

• Guess Solution: FG = 0 (all zeroes)

RESULTS

Pareto Front:

Figure 11: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L == 49.5λ)−Pareto
front.

C ξ µ β K mt mo

5 1.05× 10−2 2× 10−2 2× 10+1 60 1000 500
12 3.54× 10−3 2× 10−2 2× 10+1 95 2000 1000
22 3.73× 10−4 2× 10−1 2× 10+1 200 500 100

Table V: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ)−Sele
ted
solutions.
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Number of Clusters: C = 5
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Figure 12: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 5)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b).
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Figure 13: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 5)-
−Ex
itations amplitude (a) and phase (b).
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Figure 14: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 5)-
−Array elements 
lustering 
on�guration.

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

×10−2
]

Reference − −19.82 1.0842 19.87 2.37 −
TV − CS 5 −15.51 1.0654 19.94 1.08 1.05

Table VI: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 5)-
−Array Performan
e Indexes.
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Number of Clusters: C = 12
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Figure 15: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 12)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b)
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Figure 16: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 12)-
−Ex
itations amplitude (a) and phase (b).
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Figure 17: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 12)-
−Array elements 
lustering 
on�guration.

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

×10−3
]

Reference − −19.82 1.0842 19.87 2.37 −
TV − CS 12 −17.29 1.0736 19.91 1.59 3.54

Table VII: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 12)-
−Array Performan
e Indexes.
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Number of Clusters: C = 22
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Figure 18: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 22)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b)
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Figure 19: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 22)-
−Ex
itations amplitude (a) and phase (b).
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Figure 20: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ, C = 22)-
−Array elements 
lustering 
on�guration.

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

×10−4
]

Reference − −19.82 1.0842 19.87 2.37 −
TV − CS 22 −19.54 1.0736 19.92 2.14 3.73

Table VIII: Performan
e Assessment (Taylor Pattern, N = 100, SLL = −20 dB, d = 0.5λ, L = 49.5λ,
C = 22)−Array Performan
e Indexes.
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1.3 Taylor - SLL = −20dB - N = 200

Array Geometry:

• Linear Array

• Number of Elements: N = 200

• Element Spa
ing: ∆LREF = λ/2

• Aperture Length: L = 99.5λ

Referen
e Pattern:

• Pen
il Beam, Taylor

• Number of elements: N = 200

• Transition Index: n = 6

• Sidelobe Ratio: SLL = −20dB

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
}

• Se
ondary penalty parameter: β ∈
{

2× 10−2, 2× 10−1, ..., 2× 1013
}

• mt ∈
{

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

• mo ∈
{

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

Clustering Parameters:

• Cluster Magnitude Toleran
e: τC = 1.0× 10−3

TV-CS Parameters:

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

• Starting se
ondary penalty parameter: β0 = β (default)

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

• Inner stopping toleran
e: 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)

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

• S
aling Ve
tor B �ag: FB = [true] (default)

• Guess Solution: FG = 0 (all zeroes)

RESULTS

Pareto Front:

Figure 21: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ)−Pareto
front.

C ξ µ β K mt mo

12 1.81× 10−2 2× 10−2 2× 10+1 40 2× 103 1× 103

21 4.73× 10−3 2× 10−2 2× 10+1 80 2× 103 1× 103

37 5.97× 10−4 2× 10−2 2× 10+1 1000 1× 103 5× 102

Table IX: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ)−Sele
ted
solutions.
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Number of Clusters: C = 12
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Figure 22: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 12)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b)
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Figure 23: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 12)-
−Ex
itations amplitude (a) and phase (b).
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Figure 24: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 12)-
−Array elements 
lustering 
on�guration.

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

×10−2
]

Reference − −19.82 0.5421 22.87 2.37 −
TV − CS 12 −14.18 0.5197 22.99 0.60 1.81

Table X: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 12)-
−Array Performan
e Indexes.
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Number of Clusters: C = 21
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Figure 25: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 21)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b)
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Figure 26: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 21)-
−Ex
itations amplitude (a) and phase (b).
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Figure 27: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 21)-
−Array elements 
lustering 
on�guration.

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

×10−3
]

Reference − −19.82 0.5421 22.87 2.37 −
TV − CS 21 −17.37 0.5317 22.89 1.82 4.73

Table XI: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 21)-
−Array Performan
e Indexes.
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Number of Clusters: C = 37
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Figure 28: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 37)-
−Power pattern over the whole visible u−range (a) and a detail of the main lobe (b)
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Figure 29: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 37)-
−Ex
itations amplitude (a) and phase (b).
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Figure 30: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 37)-
−Array elements 
lustering 
on�guration.

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

×10−4
]

Reference − −19.82 0.5421 22.87 2.37 −
TV − CS 37 −19.74 0.5446 22.88 2.12 5.97

Table XII: Performan
e Assessment (Taylor Pattern, N = 200, SLL = −20 dB, d = 0.5λ, L = 99.5λ, C = 37)-
−Array Performan
e Indexes.
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