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Abstract— Contrary to the rectilinear and planar
arrays, the conformal arrays are very suitable for
enlightening the hidden zones. In this paper we will
carry out the cosecant-squared radiation pattern
synthesis of conformal microstrip arrays. This aim
will be achieved by the use of a deterministic
optimization method that developed for this type of
arrays. This synthesis and by means of the results
which that procure, constitutes a database for the
radar applications, targets tracking, satellites and
radio guidance.
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|. INTRODUCTION

HE Omni-directiona illumination of space imposes
the electromagnetic coverage of the whole
observation sphere, including the hidden zones.
Unfortunately, this particularity remains impossible for
the planar and rectilinear arrays where the illuminated
zone is limited to the higher half space upon the array
carrier plane [1]-4].

The solution would be thus to bend the carrier surface
for extending the radiation to the lower half space.

By applying a feeding law to the array, we can diversify
the shapes of the radiation pattern. It is by exploiting this
key parameter that we will synthesize the radiation pattern
specifically to adesired function [1], [2], [5].

In this paper, the desired pattern that we label the
cosecant-squared pattern (CSP) and where the main area
will take an oblique appearance, has a more complex and
different form compared with the conventional window

pattern [1], [2], [6], [7].

The synthesis process aims the minimization of the
deviation between the computed pattern and the CSP.
This operation requires optimization techniques such as
the variational method which was specifically developed
for the conformal arrays[1], [2].

These arrays, takes more importance in studies and
researches for the civilian and military communication
systems, because they can be implanted on all bent
surfaces : aircraft fuselage, airfoil, missile nose, radar
radome, etc.

[I. CONFORMATION RESTRICTIONS

The differences between conformal and planar arrays,
are the distribution of the elements and the elementary
pattern.

For the planar arrays, the equidistant spacing between
elements alows a simplified writing of the far-field
pattern formula [7]. Moreover, the look angle of the
elements are the same asit is shown on Fig. 1.
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Fig. 1. Elementary pattern, planar case

For the conformal array, the look unit vectors are non-
equipollents. Consequently the element pattern must been
determined by measurement or computation.

Indeed, all elements are not seen by the same direction,
thisisvery clear on Fig. 2.
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Fig. 2. Elementary pattern, conformal case



A simple test on the scalar product of the propagation
vector and the normal vector depicted on Fig. 3, reveals
usif the element is seen or hidden. This normal represents
the main radiation direction. It is defined as being the
perpendicular to the tangent plane on the element surface.
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Fig. 3. Associated vectorsto the visibility test
global coordinates system

The necessary condition for seen element is:

U.N>0 (1)
U : propagation direction vector,
N : normal vector, defined by angles 6,,, ¢, .

The conformal structure call for the transformation of
coordinates systems. This operation is carried out by two
rotations. The first one, runs around the Z-axis, with ¢,

the second one, runs around the new Y-axis, with 0,

giving rise to the n element local coordinates system.

In order to determine exactly the far-field values in the
global coordinates system, being known those of the local
coordinates system, we build a transformation matrix
given by formula (2).

cos6,, cose, Cosb,Snge, -snb,
MP=| -singg, COSQ, 0 (2
sin®, cose, SnO,sne, cosd,

Thus, The algebraic expression of the propagation
vector in the local coordinates system becomes :

U'=MP.U (3)
This expression will make it possible to define for any
direction, the far-field values.

[11. PROBLEM AND SOLUTION STATEMENTS

The far-field pattern for a Ng-elements array is given
by the expression :
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With :
f (8, ¢) : far-field pattern magnitude,
a,,: "™ element complex feed,
A : wavelength,

omy, : n" element position vector defined in the global
coordinates system,

E,(6,9) : n" elementary pattern,

6, ¢ :arerespectively the elevation and azimuth angular
coordinates of the observation point.

The starting point for our problem is the far-field pattern
specified by the CSP. The array feeding law is the
unknown factor to be determined [1], [2], [7]. The
ultimate condition for optimal solution is given by the
formula:

M (6,0)<f(6,0)<M(6,0) (5)
Where:

M, : upper level of the CSP,
M, : lower level of the CSP.

We will choose as for any optimization method a
functional J which we write in the following form :

3= [[ Le.0) po.0)d0do + [[|1(6.0)]" oo (®

With :

L(8,¢) : function evaluating the variation between the
synthesized pattern and the desired pattern (CSP),
p(6,) : weighting function,

D1, D2 : are by order, the useful and useless coverage
region.

In first, we set a variation of J. Next, by expressing the
nullity of this variation, we obtain a nonlinear equations
system of Ng unknown factors formulated by the

expression (7).

s

We can rewrite the expression (7) in compact matrix
form, so we obtain :

m Ng

am Imn =bn (8)

m 1

As Fig. 4 show it, the humerical solving of this system
will be achieved by successive iterations, starting from an
arbitrary feed law.
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Fig. 4. Flowchart of numerical solving

IV.CSP SETTING
The desired pattern is defined by various parameters.
These parameters appear on Fig. 5 for a revolution view

and on Fig. 6 for a projected view.
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Fig. 5. CSPin revolution view
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Fig. 6. CSPin projected view, ¢, plane

The parameters that defines the CSP are :
The main-lobe major peak fixed at O dB,
The main-lobe minor peak in decibels: MLP,
The maximum ripple value in decibels : MRV,
The maximum sidelobe level in decibels: MSL,
The major beamwidth in degrees : MXW,
The minor beamwidth in degrees: MNW,
The elevation and azimuth scan angles in degrees : 6.

and ¢,
The useful coverage region in degrees: UCR.

V. RESULTSAND COMMENTS
A.. Rooftop array

Asit is shown on Fig. 7, the rooftop array is composed
of two inclined planes. The eight elements operates at the
frequency of 5 GHz. The inter-element spacing is of
05\.
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Fig. 7. Rooftop array

R1=9.09cm, R2 =6.49 cm, R3=3.89 cm, R4 =1.29 cm.

- CSP parameters

For the rooftop array, the CSP is restricted by the
following parameters :
MLP = — 5 dB, MRV = 3 dB, MSL = — 30 dB,

MXW = 70°, MNW = 40°, UCR = 360° .
The synthesis results for a shifted CSP are plotted on

Fig. 8 and Fig. 10 for all space and on Fig. 9 and Fig. 11
for plane cuts.
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Fig 8. 3-D radiation pattern plot, rooftop array
0. =-30°, oo =45
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Fig. 9. CSP and synthesized pattern, rooftop array
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Fig. 10. 3-D radiation pattern plot, rooftop array
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Fig. 11. CSP and synthesized pattern, rooftop array

plane cut ¢ = 60°
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B. Conearray

The second array which is depicted on Fig. 12 is cone-
shaped one. The working frequency is of 3 GHz. This
array is composed of 82 elements distributed on 6 rings.
The inter-ring spacingisof 0.8 .

The top, bottom rings have the radii of 5.09 cm,
22.39 cm. The inter-element spacing on rings varies from
0.6\ to 0.81.

The numbers of elements by ring and on the vertex-base
direction are: 22, 20, 16, 12, 8, 4.

Fig. 12. Conearray

- CSP setting

For this second array, the CSP is defined by the
following parameters:
MLP = — 10 dB, MRV = 2 dB, MSL = - 30 dB,

MXW = 60°, MNW = 40°, UCR = 180°.
In the case of a broadside CSP the obtained results are
sketched on Fig. 13 for all space and on Fig. 14 for plane

cut. Fig. 15 and Fig. 16 are plotted for the shifted CSP
case.
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Fig. 13. 3-D radiation pattern plot, cone array
0:.=0", . =0°
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Fig. 14. CSP and synthesized pattern, cone array
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Fig. 15. 3-D radiation pattern plot, cone array
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Fig. 16. CSP and synthesized pattern, cone array

planecut ¢ = 60°

100

Generally speaking, we can qualify our findings through
the graphical results as very satisfactory since the CSP
restrictions are well respected.

VI. CONCLUSION

In this paper we have discuss the conformal microstrip
arrays synthesis.

The setting up of these arrays upon the convex bodies
allows in addition to the targets localization, to widen the
scanning domain and so to enlighten even the hidden
zones, from where the importance of such structures.

The studied cases, from the simplest one which is the
rooftop array, to the most complex which is the cone
array, generates very satisfactory results, even if a
variation always separates the desired pattern from the
computed one.
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