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Abstract 
 

In this work, a novel Material‐by‐Design (MbD) synthesis approach is proposed to 
address  the  conformal miniaturization of  linear antenna arrays. The developed 
methodology  exploits  as  a  first  step  a  quasi‐conformal  transformation  optics 
(QCTO) algorithm to design a meta‐material radome able to restore the desired 
radiation features of the radiating system once it has been made conformal to an 
arbitrary  surface.  Moreover,  a  second  step  based  on  a  source  inversion  (SI) 
strategy  is  exploited  in  order  to  miniaturize  the  conformal  architecture,  by 
reducing  the number of  required  radiators  in  the  final conformal arrangement. 
Some  numerical  results  are  shown  based  on  full‐wave  analyses  in  order  to 
validate  the  effectiveness,  as well  as  the  current  limitations,  of  the  proposed 
design technique. 



1 Spline Pro�le #2 - N
′
= 20

1.1 Validation vs. Lens Thikness (s)

• Virtual & Physial Geometries
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Figure 1: Transformation regions and geometri parameters of interest.

� Width: w = w′ = 16.0 [λ℄;

� Lens thikness: s = s′ = {4.0; 2.0} [λ℄;

� Number of spline ontrol points: Q = 5;

� Control points in physial geometry:

∗ xlow,q ∈ [−w/2, w/2], q = 1, ..., Q (equally-distributed);

∗ xhigh,q = xlow,q, q = 1, ..., Q;

ylow,1 [λ℄ ylow,2 [λ℄ ylow,3 [λ℄ ylow,4 [λ℄ ylow,5 [λ℄
0.0 0.7 0.1 0.5 0.0

Table I: y-oordinate of the ontrol points for the lower spline in physial spae.

∗ yhigh,q = (ylow,q + s), q = 1, ..., Q;

� Control points in virtual geometry:

∗ x′

low,q = xlow,q, q = 1, ..., Q; y′low,q = 0.0, q = 1, ..., Q;

∗ x′

high,q = xhigh,q , q = 1, ..., Q; y′high,q = yhigh,q, q = 1, ..., Q;

• Virtual Array

� Number of elements, spaing, aperture: N ′ = 20, d′ = λ
2
, L′ = 9.5 [λ℄;

� Distane from PEC ground plane (plaed at y′ = 0.0): δ′ = λ
4
;

� Exitations: In = 1.0, ϕn = −2π
λ

xnsin (φs + 90); n = 1, ..., N ′
;

• QCTO

� Disretization ell dimension: 0.15 [λ℄ (0.01 [λ℄ for soure mapping);
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1.1.1 Results of the Transformation

Transformation Grids

Virtual Physial
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Figure 2: Transformation grids for virtual and physial geometries.
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Lens Permittivity - s = 4.0 [λ℄
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Figure 3: Components of the relative permittivity tensor of the lens.
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Figure 4: Isotropi approximate permittivity distribution of the lens.
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Lens Permittivity - s = 2.0 [λ℄
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Figure 5: Components of the relative permittivity tensor of the lens.
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Figure 6: Isotropi approximate permittivity distribution of the lens.
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Physial Lens Parameters

Lens Thikness s = 4.0 [λ℄
Anisotropi Permittivity Range [−0.11, 1.40]
Isotropi Permittivity Range [0.00, 1.33]

Lens Thikness s = 2.0 [λ℄
Anisotropi Permittivity Range [−0.11, 1.46]
Isotropi Permittivity Range [0.00, 1.35]

Table II: Permittivity ranges for the physial lens.

1.1.2 Far-Field Patterns (Aniso-Lens)

Lens Thikness s = 4.0 [λ℄ Lens Thikness s = 2.0 [λ℄
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Figure 7: Comparison between the far �eld patterns.
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Lens Thikness s = 4.0 [λ℄ Lens Thikness s = 2.0 [λ℄
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Figure 8: Comparison between the far �eld patterns.
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1.2 Redution of the Control Points through SI (N
′ → N < N

′
)

Parameters

• Number of array elements before SI: N ′ = 20;

• Number of array elements after SI (N): hek table below;

• Spaing after SI: d = λ/2;

• Radius of the observation domain: rSI = 50.0 [λ℄;

• Number of �eld sampling points: nSI = 1000.

Before SI After SI

s [λ℄ (Lens Thikness) N ′ L [λ℄ N L [λ℄

4.0 20 9.325 19 9.0
2.0 20 9.255 19 9.0

Table III: Parameters onsidered for SI.
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Observations

• SI is not really neessary, sine there is not a signi�ant ompression of the array.
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1.2.1 Synthesized Exitations

Lens Thikness s = 2.0 [λ℄ Lens Thikness s = 2.0 [λ℄
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Figure 10: Magnitude and phase of the exitations of the physial array before (N ′
) and after SI (N < N ′

).
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1.2.2 Free-Spae Far-Field Patterns (hek SI)

Lens Thikness s = 4.0 [λ℄ Lens Thikness s = 2.0 [λ℄
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1.2.3 Near-Field Distributions (Aniso-Lens, φs = 90 [deg℄)

Lens Thikness s = 4.0 [λ℄
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Figure 13: Lens Thikness s = 4.0 [λ℄ - Eletri �eld distributions.
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Lens Thikness s = 2.0 [λ℄
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Figure 14: Lens Thikness s = 2.0 [λ℄ - Eletri �eld distributions.
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1.2.4 Near-Field Distributions (Aniso-Lens, φs = 75 [deg℄)

Lens Thikness s = 4.0 [λ℄
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Figure 15: Lens Thikness s = 4.0 [λ℄ - Eletri �eld distributions.
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Lens Thikness s = 2.0 [λ℄
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Figure 16: Lens Thikness s = 2.0 [λ℄ - Eletri �eld distributions.
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1.2.5 Near-Field Distributions (Aniso-Lens, φs = 105 [deg℄)

Lens Thikness s = 4.0 [λ℄
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Figure 17: Lens Thikness s = 4.0 [λ℄ - Eletri �eld distributions.
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Lens Thikness s = 2.0 [λ℄
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Figure 18: Lens Thikness s = 2.0 [λ℄ - Eletri �eld distributions.
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1.2.6 Near-Field Distributions (Aniso-Lens, φs = 60 [deg℄)

Lens Thikness s = 4.0 [λ℄
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Figure 19: Lens Thikness s = 4.0 [λ℄ - Eletri �eld distributions.
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Lens Thikness s = 2.0 [λ℄
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Figure 20: Lens Thikness s = 2.0 [λ℄ - Eletri �eld distributions.
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1.2.7 Near-Field Distributions (Aniso-Lens, φs = 120 [deg℄)

Lens Thikness s = 4.0 [λ℄
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Figure 21: Lens Thikness s = 4.0 [λ℄ - Eletri �eld distributions.
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Lens Thikness s = 2.0 [λ℄
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Figure 22: Lens Thikness s = 2.0 [λ℄ - Eletri �eld distributions.
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1.2.8 Far-Field Patterns (Aniso-Lens)

Lens Thikness s = 4.0 [λ℄ Lens Thikness s = 2.0 [λ℄
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Figure 23: Comparison between the far �eld patterns.
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Figure 24: Comparison between the far �eld patterns.
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