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Abstract 
 

In this work, the conformal transformation of linear antenna arrays is dealt with. 
An innovative Material‐by‐Design (MbD)  approach is proposed in order to match 
a  user‐defined  reference  array  onto  an  arbitrary  conformal  hosting  surface 
without  changing  its  radiating  features.  Towards  this  end,  a  two‐step  quasi‐
conformal transformation optics (QCTO) methodology is suitably customized and 
applied to synthesize a meta‐material covering of the conformal geometry able 
to  restore  the  desired  radiation  characteristics.  A  comparative  assessment 
between  several  choices of  the  lens  geometry  is  given by means of numerical 
full‐wave simulations. 



1 �Cirular Ar� Geometry - N
′
= 20

1.1 Validation vs. Lens Curvature (l) and Lens Thikness (s)

Input Parameters

• Virtual & Physial Geometries

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

∂ Ω’

w’

s’

h’

-2

 0

 2

 4

 6

 8

-8 -6 -4 -2  0  2  4  6  8
y/

λ

x/λ

∂ Ω

w

s

h

l

(a) (b)

Figure 1: Transformation regions and geometri parameters of interest.

Lens Thikness: s = 4.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 4.5 4.0 16.0 4.5 4.0 0.5
16.0 5.0 4.0 16.0 5.0 4.0 1.0
16.0 5.5 4.0 16.0 5.5 4.0 1.5
16.0 6.0 4.0 16.0 6.0 4.0 2.0

Lens Thikness: s = 2.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 2.5 2.0 16.0 2.5 2.0 0.5
16.0 3.0 2.0 16.0 3.0 2.0 1.0
16.0 3.5 2.0 16.0 3.5 2.0 1.5
16.0 4.0 2.0 16.0 4.0 2.0 2.0

Lens Thikness: s = 1.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 1.5 1.0 16.0 1.5 1.0 0.5
16.0 2.0 1.0 16.0 2.0 1.0 1.0
16.0 2.5 1.0 16.0 2.5 1.0 1.5
16.0 3.0 1.0 16.0 3.0 1.0 2.0

Lens Thikness: s = 0.5 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 1.0 0.5 16.0 1.0 0.5 0.5
16.0 1.5 0.5 16.0 1.5 0.5 1.0
16.0 2.0 0.5 16.0 2.0 0.5 1.5
16.0 2.5 0.5 16.0 2.5 0.5 2.0

Table I: Geometri desriptors for virtual and physial geometries. Note that w′ = w, h′ = h, s′ = s, and
h = s+ l.
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• 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
;

� Operating frequeny: f = 600 [MHz℄;

� Steering angle: φs = 90.0 [deg℄;

� 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

Lens Thikness s = 4.0 [λ℄
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Figure 2: Lens thikness s = 4.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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Lens Thikness s = 2.0 [λ℄
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Figure 3: Lens thikness s = 2.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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Lens Thikness s = 1.0 [λ℄
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Figure 4: Lens thikness s = 1.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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Lens Thikness s = 0.5 [λ℄
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l
=

0
.5

[

λ

℄

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

Transformation Grid
∂ Ω’

r’n, n=1,…,N’
PEC

-2

 0

 2

 4

 6

 8

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

y/
λ

x/λ

Transformation Grid
∂ Ω

rn, n=1,…,N’
PEC

(a) (b)

l
=

1
.0

[

λ

℄

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

Transformation Grid
∂ Ω’

r’n, n=1,…,N’
PEC

-2

 0

 2

 4

 6

 8

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

y/
λ

x/λ

Transformation Grid
∂ Ω

rn, n=1,…,N’
PEC

() (d)

l
=

1
.5

[

λ

℄

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

Transformation Grid
∂ Ω’

r’n, n=1,…,N’
PEC

-2

 0

 2

 4

 6

 8

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

y/
λ

x/λ

Transformation Grid
∂ Ω

rn, n=1,…,N’
PEC

(e) (f )

l
=

2
.0

[

λ

℄

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

Transformation Grid
∂ Ω’

r’n, n=1,…,N’
PEC

-2

 0

 2

 4

 6

 8

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

y/
λ

x/λ

Transformation Grid
∂ Ω

rn, n=1,…,N’
PEC

(g) (h)

Figure 5: Lens thikness s = 0.5 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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1.1.2 Physial Lens Parameters

Lens Curvature l = 0.5 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−0.110, 1.280] [−0.110, 1.290] [−0.220, 1.560] [−0.390, 2.070]
Isotropi Permittivity Range [0.00, 1.230] [0.00, 1.190] [0.00, 1.150] [0.00, 1.150]

Lens Curvature l = 1.0 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−0.280, 1.690] [−0.260, 1.590] [−0.450, 2.150] [−0.780, 3.220]
Isotropi Permittivity Range [0.00, 1.500] [0.00, 1.410] [0.00, 1.310] [0.00, 1.310]

Lens Curvature l = 1.5 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−0.620, 2.170] [−0.540, 1.980] [−0.710, 2.760] [−1.240, 4.420]
Isotropi Permittivity Range [0.00, 1.800] [0.00, 1.640] [0.00, 1.450] [0.00, 1.500]

Lens Curvature l = 2.0 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−1.150, 2.750] [−0.980, 2.440] [−1.020, 3.350] [−1.790, 5.640]
Isotropi Permittivity Range [0.00, 2.090] [0.00, 1.850] [0.00, 1.590] [0.00, 1.660]

Table II: Permittivity ranges of the physial lens.
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1.1.3 Far-Field Patterns (Aniso-Lens, φs = 90.0 [deg℄)

Lens Thikness s = 4.0 [λ℄
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Figure 6: Lens thikness s = 4.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 2.0 [λ℄
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Figure 7: Lens thikness s = 2.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 1.0 [λ℄
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Figure 8: Lens thikness s = 1.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 0.5 [λ℄
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Figure 9: Lens thikness s = 0.5 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.

Observations

• Inreasing the urvature (↑ l) leads to a worsening of the performanes;

• Dereasing the lens thikness (↓ s) leads to a worsening of the performanes;

• The thinner the lens, the fastest the degradation w.r.t. the urvature.
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1.2 Final Resume

1.2.1 Pattern Performanes vs. Lens Curvature (l)
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Figure 10: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens urvature (l).
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1.2.2 Pattern Performanes vs. Lens Thikness (s)
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Figure 11: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens thikness (s).
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1.2.3 Pattern Performanes vs. Lens Curvature (l) and vs. Lens Thikness (s)

Before SI (φs = 90 [deg℄, f = 600[MHz℄ - Physial Array (Aniso-Lens))

Charateristis of the virtual array (N ′ = 20, Free-Spae)

• SLL = 13.13 [dB℄;

• FNBW = 11.44 [deg℄;

• HPBW = 5.09 [deg℄;
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Figure 12: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens thikness (s) and the lens urvature

(l).
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2 �Gaussian Bridge� Geometry - N
′
= 20

2.1 Validation vs. Lens Curvature (l) and Lens Thikness (s)

Input Parameters

• Virtual & Physial Geometries

NOTE: The urved pro�le is given by a Gaussian funtion, with standard deviation equal to σ and

imposing w
′

= 6σ.
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Figure 13: Transformation regions and geometri parameters of interest.
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Lens Thikness: s = 4.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 4.5 4.0 16.0 4.5 4.0 0.5
16.0 5.0 4.0 16.0 5.0 4.0 1.0
16.0 5.5 4.0 16.0 5.5 4.0 1.5
16.0 6.0 4.0 16.0 6.0 4.0 2.0

Lens Thikness: s = 2.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 2.5 2.0 16.0 2.5 2.0 0.5
16.0 3.0 2.0 16.0 3.0 2.0 1.0
16.0 3.5 2.0 16.0 3.5 2.0 1.5
16.0 4.0 2.0 16.0 4.0 2.0 2.0

Lens Thikness: s = 1.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 1.5 1.0 16.0 1.5 1.0 0.5
16.0 2.0 1.0 16.0 2.0 1.0 1.0
16.0 2.5 1.0 16.0 2.5 1.0 1.5
16.0 3.0 1.0 16.0 3.0 1.0 2.0

Lens Thikness: s = 0.5 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 1.0 0.5 16.0 1.0 0.5 0.5
16.0 1.5 0.5 16.0 1.5 0.5 1.0
16.0 2.0 0.5 16.0 2.0 0.5 1.5
16.0 2.5 0.5 16.0 2.5 0.5 2.0

Table III: Geometri desriptors for virtual and physial geometries. Note that w′ = w, h′ = h, s′ = s, and
h = s+ l.

• 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
;

� Operating frequeny: f = 600 [MHz℄;

� Steering angle: φs = 90.0 [deg℄;

� 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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2.1.1 Results of the Transformation

Lens Thikness s = 4.0 [λ℄
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Figure 14: Lens thikness s = 4.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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Lens Thikness s = 2.0 [λ℄
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Figure 15: Lens thikness s = 2.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.

18



Lens Thikness s = 1.0 [λ℄
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Figure 16: Lens thikness s = 1.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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Lens Thikness s = 0.5 [λ℄

Virtual Physial

l
=

0
.5

[

λ

℄

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

Transformation Grid
∂ Ω’

r’n, n=1,…,N’
PEC

-2

 0

 2

 4

 6

 8

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

y/
λ

x/λ

Transformation Grid
∂ Ω

rn, n=1,…,N’
PEC

(a) (b)

l
=

1
.0

[

λ

℄

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

Transformation Grid
∂ Ω’

r’n, n=1,…,N’
PEC

-2

 0

 2

 4

 6

 8

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

y/
λ

x/λ

Transformation Grid
∂ Ω

rn, n=1,…,N’
PEC

() (d)

l
=

1
.5

[

λ

℄

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

Transformation Grid
∂ Ω’

r’n, n=1,…,N’
PEC

-2

 0

 2

 4

 6

 8

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

y/
λ

x/λ

Transformation Grid
∂ Ω

rn, n=1,…,N’
PEC

(e) (f )

l
=

2
.0

[

λ

℄

-2

 0

 2

 4

 6

 8

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

y’
/λ

x’/λ

Transformation Grid
∂ Ω’

r’n, n=1,…,N’
PEC

-2

 0

 2

 4

 6

 8

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

y/
λ

x/λ

Transformation Grid
∂ Ω

rn, n=1,…,N’
PEC

(g) (h)

Figure 17: Lens thikness s = 0.5 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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2.1.2 Physial Lens Parameters

Lens Curvature l = 0.5 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−0.030, 1.370] [−0.040, 1.530] [−0.060, 1.960] [−0.110, 3.010]
Isotropi Permittivity Range [0.00, 1.090] [0.00, 1.120] [0.00, 1.200] [0.00, 1.340]

Lens Curvature l = 1.0 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−0.070, 1.830] [−0.100, 2.200] [−0.170, 3.190] [−0.270, 5.700]
Isotropi Permittivity Range [0.00, 1.200] [0.00, 1.240] [0.00, 1.370] [0.00, 1.600]

Lens Curvature l = 1.5 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−0.120, 2.420] [−0.200, 2.970] [−0.320, 4.570] [−0.470, 8.950]
Isotropi Permittivity Range [0.00, 1.330] [0.00, 1.360] [0.00, 1.530] [0.00, 1.890]

Lens Curvature l = 2.0 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−0.190, 3.180] [−0.320, 4.000] [−0.480, 6.340] [−0.690, 12.360]
Isotropi Permittivity Range [0.00, 1.490] [0.00, 1.490] [0.00, 1.730] [0.00, 2.180]

Table IV: Permittivity ranges of the physial lens.
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2.1.3 Far-Field Patterns (Aniso-Lens, φs = 90.0 [deg℄)

Lens Thikness s = 4.0 [λ℄
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Figure 18: Lens thikness s = 4.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 2.0 [λ℄
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Figure 19: Lens thikness s = 2.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 1.0 [λ℄
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Figure 20: Lens thikness s = 1.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 0.5 [λ℄

-30

-25

-20

-15

-10

-5

 0

 0  30  60  90  120  150  180

N
or

m
al

iz
ed

 P
ow

er
 P

at
te

rn
 [d

B
]

φ [deg]

Virtual (N’=20, Free-Space)
Physical (N’=20, Free-Space)

Physical (N’=20, Aniso-Lens)

-15

-10

-5

 0

 80  85  90  95  100

-30

-25

-20

-15

-10

-5

 0

 0  30  60  90  120  150  180

N
or

m
al

iz
ed

 P
ow

er
 P

at
te

rn
 [d

B
]

φ [deg]

Virtual (N’=20, Free-Space)
Physical (N’=20, Free-Space)

Physical (N’=20, Aniso-Lens)

-15

-10

-5

 0

 80  85  90  95  100

(a) l = 0.5 [λ℄ (b) l = 1.0 [λ℄
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Figure 21: Lens thikness s = 0.5 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.

Observations

• Inreasing the urvature (↑ l) leads to a worsening of the performanes;

• Dereasing the lens thikness (↓ s) leads to a worsening of the performanes;

• The thinner the lens, the fastest the degradation w.r.t. the urvature.
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2.2 Final Resume

2.2.1 Pattern Performanes vs. Lens Curvature (l)

Before SI (φs = 90 [deg℄, f = 600[MHz℄)
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Figure 22: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens urvature (l).
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2.2.2 Pattern Performanes vs. Lens Thikness (s)

Before SI (φs = 90 [deg℄, f = 600[MHz℄)
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Figure 23: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens thikness (s).
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2.2.3 Pattern Performanes vs. Lens Curvature (l) and vs. Lens Thikness (s)

Before SI (φs = 90 [deg℄, f = 600[MHz℄ - Physial Array (Aniso-Lens))

Charateristis of the virtual array (N ′ = 20, Free-Spae)

• SLL = 13.13 [dB℄;

• FNBW = 11.44 [deg℄;

• HPBW = 5.09 [deg℄;
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Figure 24: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens thikness (s) and the lens urvature

(l).
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3 �Ellipti Ar� Geometry - N
′
= 20

3.1 Validation vs. Lens Curvature (l) and Lens Thikness (s)

Input Parameters

• Virtual & Physial Geometries
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Figure 25: Transformation regions and geometri parameters of interest.

� The two-half ellipses (lower and higher) have semi-axis along x equal to w/2 (= w′/2) and semi-axis

along y equal to l.
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Lens Thikness: s = 4.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 4.5 4.0 16.0 4.5 4.0 0.5
16.0 5.0 4.0 16.0 5.0 4.0 1.0
16.0 5.5 4.0 16.0 5.5 4.0 1.5
16.0 6.0 4.0 16.0 6.0 4.0 2.0

Lens Thikness: s = 2.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 2.5 2.0 16.0 2.5 2.0 0.5
16.0 3.0 2.0 16.0 3.0 2.0 1.0
16.0 3.5 2.0 16.0 3.5 2.0 1.5
16.0 4.0 2.0 16.0 4.0 2.0 2.0

Lens Thikness: s = 1.0 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 1.5 1.0 16.0 1.5 1.0 0.5
16.0 2.0 1.0 16.0 2.0 1.0 1.0
16.0 2.5 1.0 16.0 2.5 1.0 1.5
16.0 3.0 1.0 16.0 3.0 1.0 2.0

Lens Thikness: s = 0.5 [λ℄
Virtual Physial

w′
[λ℄ h′

[λ℄ s′ [λ℄ w [λ℄ h [λ℄ s [λ℄ l [λ℄ (Curvature)
16.0 1.0 0.5 16.0 1.0 0.5 0.5
16.0 1.5 0.5 16.0 1.5 0.5 1.0
16.0 2.0 0.5 16.0 2.0 0.5 1.5
16.0 2.5 0.5 16.0 2.5 0.5 2.0

Table V: Geometri desriptors for virtual and physial geometries. Note that w′ = w, h′ = h, s′ = s, and
h = s+ l.

• 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
;

� Operating frequeny: f = 600 [MHz℄;

� Steering angle: φs = 90.0 [deg℄;

� 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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3.1.1 Results of the Transformation

Lens Thikness s = 4.0 [λ℄
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Figure 26: Lens thikness s = 4.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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Lens Thikness s = 2.0 [λ℄
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Figure 27: Lens thikness s = 2.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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Lens Thikness s = 1.0 [λ℄
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Figure 28: Lens thikness s = 1.0 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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Lens Thikness s = 0.5 [λ℄
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Figure 29: Lens thikness s = 0.5 [λ℄ - Transformation grids for virtual and physial geometries for di�erent

urvatures of the lens.
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3.1.2 Physial Lens Parameters

Lens Curvature l = 0.5 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−0.290, 1.690] [−0.310, 1.800] [−0.350, 1.800] [−0.720, 2.310]
Isotropi Permittivity Range [0.00, 1.400] [0.00, 1.440] [0.00, 1.480] [0.00, 1.910]

Lens Curvature l = 1.0 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−1.300, 2.520] [−1.390, 2.740] [−1.290, 2.650] [−1.060, 3.440]
Isotropi Permittivity Range [0.00, 1.600] [0.00, 1.610] [0.00, 1.920] [0.00, 2.710]

Lens Curvature l = 1.5 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−3.060, 3.620] [−3.230, 3.870] [−2.860, 3.610] [−1.920, 4.560]
Isotropi Permittivity Range [0.00, 1.650] [0.00, 1.640] [0.00, 2.550] [0.00, 4.340]

Lens Curvature l = 2.0 [λ℄
s = 4.0 [λ℄ s = 2.0 [λ℄ s = 1.0 [λ℄ s = 0.5 [λ℄

Anisotropi Permittivity Range [−6.100, 13.010] [−6.260, 21.810] [−4.620, 7.510] [−3.410, 5.930]
Isotropi Permittivity Range [0.00, 1.630] [0.00, 1.670] [0.00, 2.830] [0.00, 4.110]

Table VI: Permittivity ranges of the physial lens.
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3.1.3 Far-Field Patterns (Aniso-Lens, φs = 90.0 [deg℄)

Lens Thikness s = 4.0 [λ℄
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Figure 30: Lens thikness s = 4.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 2.0 [λ℄
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Figure 31: Lens thikness s = 2.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 1.0 [λ℄
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Figure 32: Lens thikness s = 1.0 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.
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Lens Thikness s = 0.5 [λ℄
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Figure 33: Lens thikness s = 0.5 [λ℄ - Comparison between the far �eld patterns or di�erent urvatures of the

lens.

Observations

• Inreasing the urvature (↑ l) leads to a worsening of the performanes;

• Dereasing the lens thikness (↓ s) leads to a worsening of the performanes;

• The thinner the lens, the fastest the degradation w.r.t. the urvature.
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3.2 Final Resume

3.2.1 Pattern Performanes vs. Lens Curvature (l)

Before SI (φs = 90 [deg℄, f = 600[MHz℄)
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Figure 34: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens urvature (l).
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3.2.2 Pattern Performanes vs. Lens Thikness (s)

Before SI (φs = 90 [deg℄, f = 600[MHz℄)

SLL HPBW

l
=

0
.5

[

λ

℄

 0

 2

 4

 6

 8

 10

 12

 14

 0.5  1  1.5  2  2.5  3  3.5  4

S
LL

 [d
B

]

Lens Thickness, s [λ]

l=0.5 [λ], φs=90 [deg]

Virtual (Free-Space)
Physical (Free-Space)

Physical (Aniso-Lens)

 4

 6

 8

 10

 12

 14

 0.5  1  1.5  2  2.5  3  3.5  4

H
P

B
W

 [d
eg

]

Lens Thickness, s [λ]

l=0.5 [λ], φs=90 [deg]

Virtual (Free-Space)
Physical (Free-Space)

Physical (Aniso-Lens)

(a) (b)

l
=

1
.0

[

λ

℄

 0

 2

 4

 6

 8

 10

 12

 14

 0.5  1  1.5  2  2.5  3  3.5  4

S
LL

 [d
B

]

Lens Thickness, s [λ]

l=1.0 [λ], φs=90 [deg]

Virtual (Free-Space)
Physical (Free-Space)

Physical (Aniso-Lens)

 4

 6

 8

 10

 12

 14

 0.5  1  1.5  2  2.5  3  3.5  4

H
P

B
W

 [d
eg

]

Lens Thickness, s [λ]

l=1.0 [λ], φs=90 [deg]

Virtual (Free-Space)
Physical (Free-Space)

Physical (Aniso-Lens)

() (d)

l
=

1
.5

[

λ

℄

 0

 2

 4

 6

 8

 10

 12

 14

 0.5  1  1.5  2  2.5  3  3.5  4

S
LL

 [d
B

]

Lens Thickness, s [λ]

l=1.5 [λ], φs=90 [deg]

Virtual (Free-Space)
Physical (Free-Space)

Physical (Aniso-Lens)

 4

 6

 8

 10

 12

 14

 0.5  1  1.5  2  2.5  3  3.5  4

H
P

B
W

 [d
eg

]

Lens Thickness, s [λ]

l=1.5 [λ], φs=90 [deg]

Virtual (Free-Space)
Physical (Free-Space)

Physical (Aniso-Lens)

(e) (f )

l
=

2
.0

[

λ

℄

 0

 2

 4

 6

 8

 10

 12

 14

 0.5  1  1.5  2  2.5  3  3.5  4

S
LL

 [d
B

]

Lens Thickness, s [λ]

l=2.0 [λ], φs=90 [deg]

Virtual (Free-Space)
Physical (Free-Space)

Physical (Aniso-Lens)

 4

 6

 8

 10

 12

 14

 0.5  1  1.5  2  2.5  3  3.5  4

H
P

B
W

 [d
eg

]

Lens Thickness, s [λ]

l=2.0 [λ], φs=90 [deg]

Virtual (Free-Space)
Physical (Free-Space)

Physical (Aniso-Lens)

(g) (h)

Figure 35: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens thikness (s).
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3.2.3 Pattern Performanes vs. Lens Curvature (l) and vs. Lens Thikness (s)

Before SI (φs = 90 [deg℄, f = 600[MHz℄ - Physial Array (Aniso-Lens))

Charateristis of the virtual array (N ′ = 20, Free-Spae)

• SLL = 13.13 [dB℄;

• FNBW = 11.44 [deg℄;

• HPBW = 5.09 [deg℄;
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Figure 36: φs = 90 [deg℄, f = 600[MHz℄ - SLL and HPBW vs. the lens thikness (s) and the lens urvature

(l).
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