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Abstract 
 

This work  presents  an  innovative material‐by‐design  (MbD)  technique    for  the 
improvement of  the  radiation  features  (in  terms of beam‐width, directivity and 
side‐lobe level) of existing linear scanned arrays. The developed strategy exploits 
a suitably customized quasi conformal transformation optics (QCTO) technique to 
synthesize meta‐material  radomes with  reduced anisotropy as well as a source 
inversion  (SI)  strategy  in  order  to  let  the  original  array  mimic  the  radiation 
performance  of  significantly  larger  apertures.  Some  numerical  results  are 
presented  ad  discussed  in  order  to  validate  the  effectiveness  of  the  MbD 
approach  and  its  suitability  to  improve  the  radiation  characteristics  of  linear 
arrays. 
 



1 Extensive Analysis - Half-Cosine Pro�le - h′
= 4.0 [λ℄, l′ = 0.0 [λ℄,

t′ = 9.0 [λ℄, N = 15

1.1 Step 1: Expanding the physial array (N = 15, L = 7.0 [λ℄)
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Figure 1: Transformation regions. The lower side of both virtual and physial boundaries are supposed to be

PEC.

• Virtual Geometry

# Test Case h′
[λ℄ l′ [λ℄ t′ [λ℄ w′

[λ℄

1 4.0 0.0 9.0 10.3
2 4.0 0.0 9.0 11.3
3 4.0 0.0 9.0 12.1
4 4.0 0.0 9.0 12.9
5 4.0 0.0 9.0 13.6

Table I: Considered virtual geometries. The values of w′
have been empirially determined in order to ahieve

an aperture of the virtual array (L′
) equal to a multiple of λ/2. It is imposed that h = h′

, while w is not

ontrolled by the user.

• Physial Array

� Number of elements, spaing, aperture: N = 15, d = λ

2
, L = 7.0 [λ℄;

� Positions: xn ∈ [−L/2, L/2], yn = λ

4
, n = 1, ..., N ;

� Steering angle: φs = 90.0 [deg℄;

� Exitations: In = 1.0, ϕn = −2π

λ
xnsin (φs + 90); n = 1, ..., N ;

• QCTO

� Disretization ell dimension: 0.05 [λ℄ (0.01 [λ℄ for soure mapping);
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1.1.1 Results

Resulting aperture of the virtual array (L′
) - for step 2

• The aperture of the virtual array (L′
) is omputed after mapping the physial array into the virtual spae;

• The resulting number of equi-spaed elements is omputed as

N ′ = round

(

L′

0.5
+ 1

)

Virtual Geometry Virtual Array

# Test Case h′
[λ℄ l′ [λ℄ t′ [λ℄ w′

[λ℄ L′
[λ℄ N ′

1 4.0 0.0 9.0 10.3 7.52 16

2 4.0 0.0 9.0 11.3 8.02 17

3 4.0 0.0 9.0 12.1 8.49 18

4 4.0 0.0 9.0 12.9 9.01 19

5 4.0 0.0 9.0 13.6 9.52 20

Table II: Resulting aperture and number of equi-spaed elements of the virtual array after expanding the physial

array.
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1.2 Step 2: Compressing the virtual array (N
′
> N , L

′
> L [λ℄)

Input Parameters

• Virtual Array

� Number of elements, spaing, aperture: N ′ = {16; 17; 18; 19; 20}, d′ = λ

2
, L′ = {7.5; 8.0; 8.5; 9.0; 9.5}

[λ℄;

� Positions: x′

n ∈ [−L′/2, L′/2], y′n = λ/4, n = 1, ..., N ′
;

� Steering angle: φs = 90.0 [deg℄;

� Exitations: I ′n = 1.0, ϕ′

n = −2π

λ
xnsin (φs + 90); n = 1, ..., N ′

;

• Virtual Geometry: same of step 1;

• QCTO: same of step 1.
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1.3 Soure Inversion (SI)
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Figure 2: Geometry for (a) the virtual array in free-spae, (b) the �physial-dense� array inside the lens and ()

the physial-SI array inside the lens.

Parameters

• Before SI

� Number of elements: N ′ = {16; 17; 18; 19; 20}, d′ < λ/2;

• After SI

� Number of elements after SI: N = 15, d = λ

2
;

� Aperture: L = 7.0;

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

• Number of �eld sampling points: nSI = 1000.
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1.3.1 Near-Field Distribution (φs = 90 [deg℄, f = 600 [MHz℄)

Case w′ = 10.3 [λ℄, N ′ = 16
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Figure 3: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 11.3 [λ℄, N ′ = 17
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Figure 4: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 12.1 [λ℄, N ′ = 18
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Figure 5: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 12.9 [λ℄, N ′ = 19
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Figure 6: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 13.6 [λ℄, N ′ = 20
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Figure 7: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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1.3.2 Near-Field Distribution (φs = 75 [deg℄, f = 600 [MHz℄)

Case w′ = 10.3 [λ℄, N ′ = 16
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Figure 8: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 11.3 [λ℄, N ′ = 17
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Figure 9: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 12.1 [λ℄, N ′ = 18
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Figure 10: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 12.9 [λ℄, N ′ = 19

V

i

r

t

u

a

l

(

F

r

e

e

-

S

p

a



e

)

y’
/λ

x’/λ

 0

 5

 10

 15

 20

-20 -10  0  10  20
 0

 0.4

 0.8

 1.2

 1.6

 2

|E
z(

x’
,y

’)|
 [V

/m
] x

 1
03

(a) N ′ = 19, d′ = λ

2

Distribution Di�erene w.r.t. virtual

P

h

y

s

i



a

l

(

F

r

e

e

-

S

p

a



e

)

y/
λ

x/λ

 0

 5

 10

 15

 20

-20 -10  0  10  20
 0

 0.4

 0.8

 1.2

 1.6

 2

|E
z(

x,
y)

| [
V

/m
] x

 1
03

y/
λ

x/λ

 0

 5

 10

 15

 20

-20 -10  0  10  20
 0

 0.4

 0.8

 1.2

 1.6

 2

|∆
E

z(
x,

y)
| [

V
/m

] x
 1

03

(b) N = 15, d = λ

2
, No-SI ()

P

h

y

s

i



a

l

(

A

n

i

s

o

-

L

e

n

s

)

y/
λ

x/λ

 0

 5

 10

 15

 20

-20 -10  0  10  20
 0

 0.4

 0.8

 1.2

 1.6

 2

|E
z(

x,
y)

| [
V

/m
] x

 1
03

y/
λ

x/λ

 0

 5

 10

 15

 20

-20 -10  0  10  20
 0

 0.4

 0.8

 1.2

 1.6

 2

|∆
E

z(
x,

y)
| [

V
/m

] x
 1

03

(d) N = 15, d = λ

2
, SI (e)

Figure 11: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 13.6 [λ℄, N ′ = 20
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Figure 12: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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1.3.3 Near-Field Distribution (φs = 60 [deg℄, f = 600 [MHz℄)
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Figure 13: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 11.3 [λ℄, N ′ = 17
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Figure 14: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 12.1 [λ℄, N ′ = 18
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Figure 15: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 12.9 [λ℄, N ′ = 19
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Figure 16: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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Case w′ = 13.6 [λ℄, N ′ = 20
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Figure 17: φs = 90 [deg℄, f = 600 [MHz℄ - Eletri �eld distributions.
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1.3.4 Far-Field Patterns (φs = 90 [deg℄, f = 600 [MHz℄)

Anisotropi Lens
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Figure 18: φs = 90 [deg℄, f = 600 [MHz℄ - Far �eld pattern omparison for di�erent values of w′
.
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1.3.5 Far-Field Patterns (φs = 75 [deg℄, f = 600 [MHz℄)

Anisotropi Lens
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Figure 19: φs = 75 [deg℄, f = 600 [MHz℄ - Far �eld pattern omparison for di�erent values of w′
.
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1.3.6 Far-Field Patterns (φs = 60 [deg℄, f = 600 [MHz℄)

Anisotropi Lens
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Figure 20: φs = 60 [deg℄, f = 600 [MHz℄ - Far �eld pattern omparison for di�erent values of w′
.

1.3.7 Final Summary: Performanes vs. w′
(vs. N ′

)

Anisotropi Lens - φs = 90 [deg℄

This �gure ompares the pattern harateristis of

1. Original array (N = 15 elements, d = λ/2, Free-Spae) - GREY;

2. Target array (N ′ > N elements, d = λ/2, Free-Spae) - RED;
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3. QCTO-SI array (N = 15 elements, d = λ/2, Anisotropi Lens + SI) - CYAN;
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Figure 21: Aniso-Lens, f = 600 [MHz℄ - Pattern performanes vs w′
(vs. N ′

).
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Anisotropi Lens - φs = 75 [deg℄

This �gure ompares the pattern harateristis of

1. Original array (N = 15 elements, d = λ/2, Free-Spae) - GREY;

2. Target array (N ′ > N elements, d = λ/2, Free-Spae) - RED;

3. QCTO-SI array (N = 15 elements, d = λ/2, Anisotropi Lens + SI) - CYAN;
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Figure 22: Aniso-Lens, f = 600 [MHz℄ - Pattern performanes vs w′
(vs. N ′

).
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Anisotropi Lens - φs = 60 [deg℄

This �gure ompares the pattern harateristis of

1. Original array (N = 15 elements, d = λ/2, Free-Spae) - GREY;

2. Target array (N ′ > N elements, d = λ/2, Free-Spae) - RED;

3. QCTO-SI array (N = 15 elements, d = λ/2, Anisotropi Lens + SI) - CYAN;
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Figure 23: Aniso-Lens, f = 600 [MHz℄ - Pattern performanes vs w′
(vs. N ′

).
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1.3.8 Conlusions

• Good performanes an be ahieved when onsidering a broadside steering (i.e., φs = 90 deg);

• Unfortunately, this is not true when onsidering a steering of the main beam.

• One of the main ause of suh a degradation is due to the fat that the lens is not long enough along the

x axis. Thus, when the array is steered, the beam propagates towards the orners of the lens, and this

lead to both beam tilting and to an inrease of the SLL.
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Figure 24: Case w′ = 12.9 [λ℄, N ′ = 19 - Near �eld radiated by the physial-SI array (N = 15 elements,

d = λ/2) when onsidering a steering of φs = 60 deg. The beam partially propagates towards the upper right

orner of the lens.

• In order to obtain better performanes in steering, we need to enlarge the lens along the x-diretion, suh

that to avoid that the steered beams propagates towards the orners of the lens.
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