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Abstract.This paper present a design for a reflector antenna that illuminates
a large sector of the space with cosecant squared vertical pattern. The
configuration considered is composed of a shaped reflector fed by a corrugated
conical horn. The reflector shape is obtained by Geometrical Optics
principles. The radiation pattern obtained by a diffractive analysis shows
good agreement with the specifications.

1. INTRODUCTION

A broadcasting antenna for point-to-multipoint transmission in a metropoli-
tan area must provide uniform coverage, requiring a vertical pattern in the
form G(a) = [A/sin?(a)] (see Fig. 1) in order to compensate the power
dependence (1/R2?) on the distance R to the node.The omnidirectional azimuth
radiation is obtained by an arrangement of wide beam antennas each covering
a sector of space. This pattern beam has been synthesised by designs that
employ arrays, slot antennas, beam horns and shaped reflectors [1-5].

The option considered for study herein is composed of a shaped reflector

illuminated by a sjingle feed. For this configuration, Koch and Thielen[4]

obtained the reflector shaping by employing a technique based on a
diffractive analysis associated with optimisation methods. Despite the
satisfactory results, this technique is highly demanding on computer time,

specially when large areas have to be covered. Alternatively,Geometrical
Optics (GO) principles can be used to obtain the reflector profile with
substantial reduction in the computational effort. For an arbitrary farfield,
Norris and Westcott [6] have formulated a reflector synthesis method, under

GO assumptions, as a boundary value problem. As diffraction is ignored, this

GO tecnique shows limitations to control the radiation outside the main
coverage zone or to obtain focused beams. In this work, we explore the

application of this synthesis method [6] to design a node antennas for point
to—-area coverage which has a narrow beam in the vertical plane and a broad

one in the azimuthal plane.

2. FARFIELD SPECIFICATION

The polygon-reflector antenna chosen for design is composed of four shaped
reflectors arranged in form of a square,each of them having one horn radia
tor as feed. Thus,each of the shaped reflectors has to illuminate a quadrant
of the space.

By using o and B defined in Fig. 1, the radiation pattern can be described
by separable functions G(a,B) = G;(a)Gy(B) as shown in Fig.2. The evaluation
pattern Gy (o) is a pencil beam with 6° full 3dB beamwidth having a cosecant
squared roll off below horizon starting at -3° and continuing over to 45°,
while, the azimuthal pattern G, (B) is constant over the quadrant |B|<45°.The
specifications allgw discrepancies of + 3dB. For the synthesis, the vertical
pattern between +3 has been modelled by the function exp[-a.sin?(a)].

3. FEED MODEL

The feed concidered for the design is a 90° corrugated horn with a 3
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wavelengths (A) aperture diameter. Fig. 3 shows the measured patterns in the
E and H planes.

The phase measurement of the feed is represented by Ay which is the phase
deviation from a spherical phase front refered to the phase center. By using
these plane cuts, the power density radiation by the feed is given by
I[8",¢"') = [Ix(8') cos?y' + IE(p") sin?¢'] where 68' and ¢' are refered to
the feed axis.For the synthesis and analysis computations, the power density
on the principal planes of polarisation, I and Iy have been modelled by
analytical functions that compare well the measurements.

4. CONFIGURATIONS

The ray configuration chosen is a top to bottom design where a feed ray
incident on the top of reflector is reflected to the bottom (a = “45%)of the
farfield pattern as shown in the Fig. 4. This configuration have a caustic
surface in front the reflector. It has the advantage of allowing the offset
angle 6, to be adjusted for no feed blockage. It also places the feed below
the reflector which requires a simple cabling.In order to fairly approximate
this cosecant pattern with a sharp peak, the vertical dimension was
designed to have a 40X -(about 115 cm).

5. REFLECTOR SHAPE

The full details of the reflector synthesis procedure adopted can be found
in Westcott [7] and we shall merely state the main results. This formulation
employs the complex coordinates n and £ to represent the directions of the
incident and reflected rays (Fig. 5),respectively. The reflector surface is
described by a function L(n,7) which is associated to r(n) by L=n/(1+]n|2)
The complex conjugate of n is represented by fi . This choice results in a
simple expression for the Smell's Law of reflection E=n+l/Ln where L, is the
partial derivative with respect to n.The energy relation between the primary
pattern I(n) radiated by a source-point the secundary pattern G(£) is
given by the following differential equation

’ [1+]n]2]|21(n)

L -L 2| -1_2=|L
L N [1+]g]2126(8)

nn n

resulting from applying energy conservation on a tube of rays. This partial
differential equation is of the Monge-Ampere type and its elliptic form was
considered. Solution of the above equation will yield the function L(n,n),
and the position vector of the points on the reflector then follows from the
equation ¥ = el[(n,),1(f,n),(|n]2-1)]

s s 1L M.MJs N -

Boundary Condition

The Monge-Ampere equation is solved under a boundary condition which enforces
a 1:1 mapping between rays at the edge cone source and the rays at the edge
of the farfield boundary. The incident illumination from the source-point is
assumed to exist within a cone of semi-vertex angle 6. = 45°. The feed
boresight direction coincides with the come axis and is tilted of 8, = 50°
with the z-axis.

The farfield region considered for synthesis is defined by 39 < o <45° and
|B|<45°.0utside this area,the GO synthesis shows limitations in controlling
low levels of energy since, there, the diffractive effects are dominant.

Numerical Solution

By defining a regular polar grid of points with center at the feed axis, nu-
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merical solutions were obtained by applying a finite difference scheme to the
Monge-Ampere equation and its boundary condition[7]. It results in a system
of non-linear algebaic equations which are then solved using a generalization
of Newton's technique. The whole iterative algorithm is well documented in
Westcott [6].

The solution chosen to initialize the iterative procedure was obtained from
the analytical expression for a hyperboloid which transforms the circular cone
8. into a circular region on the farfield. Convergence of the iterative pro
cedure was then obtained by the slow and continuous deformation of the bound-
ary condition.

5. ANALYSIS AND COMMENTS

The synthesised reflector surface is described by a set of points which are
fitted by surface models in order to obtain a continuous representation. A
difractive analysis was then performed by integrating the Phisical Optics cur
rents on the reflector surface. Fig.6 shows the power pattern obtained on se
veral ¢-planes and a comparison with the specifications. Although the syn
thesis formulation considers a source point illuminating the reflector, the
analysis includes the phase deviation Ay in the feed model.

Despite the ripples introduced by diffraction,its most significant effects
were observed on the plane cuts close to the horizontal plane. There, dif
fraction has rounded the patterns shape reducting the -3. dB beamwidth.To com
pensate this effect, G(a) was extended to 47° and multiplied by a gaussian
[exp(ch)] where c was chosen for a 2dB increase in the edge illumination.

Due to the symmetry, the crosspolarisation is null along the plane ¢=0°. A
peak of -17. dB was found along the horizontal plane (asymmetry plane).As the
feed crosspolarisation peak is below -30. dB, the depolarisation effects are
dominated by the shaping. Reductions in the crosspolar component can be
obtained by using feed patterns with a narrower beam that permits to reduce the
offset angle. However, the use of smaller ec generates less compact designs.
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