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Shaped Reflector Antenna Analysis by Graphical
Processing Methods

J.M. Rius, Merce Vall-llossera, C. Salazar, A. Cardama”

Abstract—This paper presents the application
of GRECO code to obtain the radiation pat-
tern of single reflector antennas. Shaped reflec-
tors with arbitrary geometries are modelled by
CAD software. The GRECQO graphical process-
ing technique [3][4] [5] is used in order to ex-
tract the relevant geometrical information from
the CAD geometry database. Surface reflection
and edge diffraction are respectively analyzed by
Physical Optics approximation and Equivalent
Edge Currents method.

I. INTRODUCTION

Shaped or conformed reflector antennas show increasing
use in applications that require far-field shaping. Phys-
ical optics (PO) and equivalent edge currents (EEC)
methods have been extensively used for analyzing sur-
face reflection and edge diffraction of electrically large
reflectors {7](8][9][10].

The new concept incorporated by GRECO
(GRaphical Electromagnetic COmputing) approach
[1][2](3][4][5][6] in order to obtain the geometry informa-
tion required by high-frequency approximations allows
the analysis of arbitrarily shaped surfaces and edges.
This technique, that was first developed to analyze the
Radar Cross Section (RCS) of complex radar targets,
offers a very efficient solution for designing, analyzing
and optimizing shaped reflector antennas.

As shown in figure 1, the GRECO approach has
three main steps: modeling, geometrical pre-processing
and electromagnetic computation. The reflector surface
and feeding structure are modelled using a Computer
Aid Design (CAD) package. The resulting geometry
database is processed by the graphics accelerator of a
high performance workstation to render an image of the
reflector and feeding structure. Graphical processing of
the image provides the geometrical information relevant
to high-frequency techniques:
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Figure 1 — Block diagram for the GRECO approach.
The radiation pattern of a shaped reflector antenna is
obtained in three main steps: modeling, geometrical
pre-processing and electromagnetic computation.

e The (z,y,2) coordinates and unit normal vector,
for each pixel of the reflector surface illuminated
by feeder fields.

e The (z,y, z) coordinates and unit tangent vector,
for each pixel of the reflector edges illuminated by
feeder fields.

e Blockage and shadows in reflector surface due to
feeding structure.

The radiation pattern is then computed through PO,
EEC and null-field approximations for respectively sur-
face reflection, edge diffraction and blockage. This pa-
per presents the results obtained by PO and EEC meth-
ods, while the analysis of blockage and shadows will be
presented in a forthcoming paper.
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II. MODELLING

Accurate computation of the radiation pattern of
shaped reflector antennas involves the processing of a
geometric model of the reflector surface and the block-
ing structure (figure 2). The main difficulty for PO and
EEC analysis of complex geometric models is the com-
putation of surface and line integrals over arbitrarily
shaped surfaces and edges, which are modelled by CAD
packages using parametric surfaces [11]. These integrals
require the knowledge of the unit normal to surfaces and
the vector tangent to edges.

Figure 2 - Symetric parabolic reflector with feeder struc-
ture modelled with I-DEAS CAD paciage.

Parametric surfaces present remarkable features for
complex object modeling and high-frequency computa-
tions, namely:

e Very good accuracy of the model surface.

o Small number of degrees of freedom, which leads to
weak storage requirements and allows optimization
of the surface shape.

For that teason computer codes have been re-
cently developed to analyze parametric surface models
[12][13][14]. However, the geometrical analysis of these
surfaces for the computation of high frequency radiation
integrals is complex and requires a large ecomputational
cost.

The GRECO technique introduced in [1](3]{4][5] for
geometrical analysis of the surface is based in the graph-
ical processing of the object image. The graphical pro-
cessing algorithm is the same for any kind of geometry
model, and therefore the GRECO approach takes full
profit of the advantages of parametric surface models
without increasing the computation run-time.
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1II. GRAPHICAL GEOMETRIC PRE-PROCESSING

Hardware graphics accelerators of high-performance
workstations are dedicated to render in real time a 3-D
visualization of facet and parametric surface geometry
models, using realistic lighting and shading. The pro-
cessing of this image by GRECO technique provides the
geometry information necessary for high-frequency scat-
tering computation: coordinates of illuminated surfaces
and edges, unit normals and edge tangent vectors. We
will use the following convention for 3-D coordinate axis
in the object image: (%, ¥) are the 2-D coordinates along
the image, while z is along the observation direction and
thus is perpendicular io the xy plane.

A.  Computation of unit normal to surface

If the scene is rendered using the Phong local illumina-
tion model [15), the color of each pixel depends only on
the normal to the surface element associated to this pixel
and on the location of the observer and light sources.
As the position of both the observer and light sources
is known, for each pixel of the image it is possible to
obtain the normal to the surface from the color infor-
mation. This technique has been already presented in
detail in references {3][4] and can be summarized as fol-
lows:

According to Phong illumination model {15}, when
the surface reflection is diffuse the brightness of a pixel
is computed separately for each Red, Green and Blue
(R,G,B) color component as proportional to the projec-
tion # - #; of the unit normal to the surface 7 into the
position of the light source #; (figure 3). Therefore, for
three light sources of purely red, green and blue colors,
respectively located along each one of the three coordi-
nate axis, fir = £, fig = i, s = £ , the three R,G.B
color components of a surface element are equal to the
(g, Ny, n.) components of the unit normal to the sur-
face. The ambiguity in the sign of (nz,ny,7;) is dealt
by separately displaying two different R,G,B images pi
luminated from opposite directions.

In the object image, the back-facing surfaces whose
normal points away from the observer haifspace are
removed by the graphic hardware, and thus only the
front-facing surfaces are visible. In order to obtain some
useful geometric information about non-visible surfaces,
two more three-color images are generated in which the
unit normals of the model have been reversed and, there-
fore, the previously back-facing surfaces are now visible
[5]. The knowledge of the unit normals to those back-
facing surfaces is required for computing the direction
of refiector edges and for detecting shadows produced
by the feeder supporting struts.



light source

Figure 3 — The color of the surface is obtained as 72 -7; ,
where 7 is the normal to the surface and 7; the position
of the light source.

B. Computation of redius of curvature

The radius of curvature of the surface in the zz and yz
planes can be computed from the variation of the unit
normal components 1. and n,, respectively. Figure 4
shows the procedure to compute the radius of curvature
R. in the zz plane. The procedure for obtaining the
radius of curvature in the 2y plane, R,, is analogous.
The result is [5]:

zZvy

Figure 4 — Computation of the radius of curvature of the
surface defined by two adjacent pixels in the zz plane,
R. = Az/(na: — m1a) -

1 gz ~ N1z 1 Tigy — Ny (1)

In general, these radius of curvature are not equal to
the principal radius of curvature of the surface, and thus
cannot be used to compute Geometrical Optics approx-
Imation.

C. Edge detection

Edges are detected when any of the radius of curvature
(1) defined by two contiguous pixels is smaller than a
given threshold, as shown in figure 5.
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Figure 5 — Edge detection. If the radius of curvature
corresponding to two adjacent pixels is less than Rmin ,
then there is an edge between these two pixels.

That kind of discontinuities in the unit normal com-
ponents can also be due to surface eclipses, but that sit-
uation is easily diseriminated because in that case there
is a discontinuity in the z coordinate.

Figure 6 shows the angles that define the orientation
of 2 wedge. The direction of observation 7 is perpendic-
ular to the zy plane and thus 7 is along z axis, 7 = Z.
The position of light source 7; and the incidence angles
¢;,9; have been removed for clarity. The wedge ori-
entation angles must be obtained as follows in order to
compute the diffraction coefficients for the EEC method:

tt.a

2 . /n:_,
N

Figure 6 — Wedge geometry.
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When only one face of the wedge is visible, then the
other face is a back-facing surface and its unit normal



can be obtained from the images with the unit normals
reversed. When the unit normals 7;and 75 are parallel,
for example in the edges of most reflectors, we cannot
use (2) to compute the edge direction . In that case,
a special processing of the edge is required in order to
obtain the correct value of 7.

IV. RADIATION PATTERN COMPUTATION

Electromagnetic computing, the third main step of
GRECO, uses as input the geometry information about
the illuminated surfaces and edges obtained by the
graphical geometric pre-processing. The most remark-
able feature of the GRECO approach is that high-
frequency scattering computation is implemented in a
way completely independent on the reflector geome-
try or the kind of geometry model used by the CAD
package. The graphical processing technique introduces
discretization errors in addition to those inherent to
high-frequency approximations. The study of these dis-
cretization errors is addressed in [16].

This paper presents the implementation of Physi-
cal Optics (PO) and Equivalent Edge Currents (EEC)
approximations to analyze surface reflection and edge
diffraction. The analysis of blockage by null-field ap-
proximation will be addressed in a forthcoming paper.

A. Physical Optics

According to Physical Optics theory, the far-field scat-
tered by an electrically large surface can be approxi-
mated hy

- —dkr . s
E =jkne4:rr r‘-x(v‘-x][i?ﬁxﬂ‘e’k”ds’)
3

where k is the wavenumber, i the wave impedance of
free-space, # the unit normal to surface, H* the mag-
netic field incident over a surface element at ¥ and
the direction of observation. The surface integral ex-
tends along the region ¢ illuminated by the incident
field. Note that the scattered field depends only om
the local geometry of o (unit normal # and position
7 ) and the incident field Ht. Local geometry infor-
mation is obtained from the geometrical pre-processing
part of GRECO, while the incident field is obtained
from the feeder radiation paitern and its position, ori-
entation and polarization. Feeder radiation patterns,
measured or computed, are stored in a feeder lLibrary,
while the feeder position, orientation and polarization
are accounted through a coordinate transformation us-
ing Eulerian angles [17].

The procedure for computing the radiation pattern
from PQ integral (3) is not presented in detail since it is
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well-known and can be found, for example, in references
{7] and [8]. The PO integral (3} is computed numeri-
cally by Gauss quadrature. The nurber of quadrature
samples is obtained as follows: by a fast scan of the
reflector surface we obtain the path difference Ar be-
tween the maximum and minimum reflected ray-paths
from the feeder to the observer. Since the magnitude of
the integrand usually varies slowly, the required number
of samples is determined mainly by the path difference
Ar. A sampling density of n samples per wavelength
results in a total number of quadrature samples along
each direction of integration equal to n (2Ar) /X , if the
reflector is symmetrical in this direction. Accurate re-
sults are obtained by this procedure if the reflector shape
is smooth, which is the case for most shaped reflector
antennas.

B. Eguivalent Edge Currents

The far-field scattered by edges is approximated by the
field radiated by filamentary electric and magnetic cur-
rents located along the edge [10]:

- e—jk‘l‘ . i .
E = 4”Eo£[Dje(@-t)rx(rxf)

+Djn (h,t)r x (7 x %) (4)
+Do, (B -2) (7 x £)| OOt

where 1 is the unit vector tangent to the edge. The
magnitude of the incident electric field is By and the
polarization of incident electric and magnetic fields is
respectively &; and h; . The line integral extends along
the edges £ illuminated by the incident field. Coeffi-
cients D;, and D;, are the directivity patterns of the
equivalent electric edge currents induced by the electric
and magnetic mcident fields, respectively, while Dy, is
the directivity pattern of the equivalent magnetic edge
current induced by the magnetic incident field. These
coefficients are known as Incremental Length Diffraction
Coeflicients (ILDC). There are in the literature different
formulations for these coefficients, valid for different re-
gions of observation and showing differemt singularities.
For planar wedges, o = 0, we have used Ando’s ILDC
9] 110]:

Do = sin %t cos % —sin$
77 Tsin? B; cos¢; +cosd
cos 3;
D, = 2 : 5
ik Sinzﬁz ( )
¢ oo % — gin £
Doy = L5055 s —sing

sin® 3; cos ¢; +cos ¢
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where 3 and ¢ angles are defined in figure 6. Unlike
other more complex ILDC formulations, Ando’s ILDC
are valid only for observation in the Keller cone, where
B, = m — 3; , corresponding to specular diffraction.
Usual reflector shapes have edge specular points for all
directions of observation, that produce the main con-
tribution to the line integral (4). Therefore, the use of
ILDC valid only on the Keller cone leads o 2 very good
trade-off between simplicity and accuracy.

V. RESULTS

The graphical processing approach for implementation
of high-frequency approximations will be compared with

standard and analytical computation of PO (3) and

EEC (4) integrals. A Hewlett-Packard HP-735 worksta-
tion with CRX-48Z graphics accelerator has been used

for obtaining graphical processing results.
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Figure 7 — Radiation pattern of a spherical reflector.
Radius of spherical surface is 97X, aperture diameter
is 48X and distance from reflector ecenter to feeder is
48.13). Feeder radiation pattern is axially symmetrical
with linear polarization and reflector edge taper equal to
-18.5 dB. Top graph (2) shows the results of reference [8],
solid line corresponding to exact numerical computation
of PO surface integral. Bottom graph (b) shows results
of GRECO graphical processing approach.

Figure 7 shows the radiation pattemn of a spherical
reflector. Radius of spherical surface is 97\, aperture
diameter is 48\ and distance from reflector center to
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feeder is 48.13)\. Feeder radiation pattern is axdally sym-
metrical with linear polarization,

E = cos ¢s cos? Bsés + Sin¢s cos? 95&3 (6)

where ¢ = 17.0933. ¢,,6, are the spherical angles in
the feeder coordinate system, which has origin at the
feeder location and z, axis pointing to the center of the
reflector. Resulting reflector edge taper is -18.5 dB.
Top graph {(a) shows the results of reference [8], solid
line corresponding to exact numerical computation of
PO surface integral. Bottom graph {b) shows results of
GRECO graphical processing approach. The agreement
with exact PO computation is excellent. The CPU time
spent in the surface integral computation was 1.55 sec-
onds, using 31 Gaussian quadrature samples along each
direction. o
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Figure 8 — Radiation pattern of a offset parabolic re-
flector. Diameter of parent paraboloid is 4533.33A, re-
flector aperture diameter is 1866.67A and focal distance
is 4533.33\. Feeder pattern is again axially symmetri-
cal with linear polarization (6) and edge taper -10 dB.
Top graph (a) shows results of standard PO computa-
tion, reference 7], for copolar (solid line) and crosspolar
(dashed line) polarizations. Bottom graph (b) shows re-
sults of GRECOQ graphical processing approach. -

Results obtained for a very large offset parabolic



reflector are shown in figure 8. Diameter of parent
paraboloid is 4533.33), reflector aperture diameter is
1866.67X and focal distance is 4533.33A. Feeder pattern
is again axially symmetrical with linear polarization (6).
Now z, axis points to the intersection of the aperture
axis with the paraboloid surface (see figure 2 in [7]).
Edge taper is -10 dB, obtained with ¢ = 56.67.

Top graph {a) shows results of standard PO computa-
tion, reference 7], for copolar (solid line) and crosspolar
(dashed line) polarizations. Bottom graph (b) shows re-
sults of GRECO graphical processing approach. The
agreement is, again, excellent for both polarizations.
The CPU time spent in the surface integral computa-
tion was 38.9 seconds, using 188 Gaussian quadrature
samples along each direction.
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Figure 8 — Edge diffraction pattern of circular flat disk
of radius 2.387)\. Analytical computation of edge line
integral (4), dashed line, is compared to graphical pro-
cessing results, solid line. Surface reflection is not con-
sidered in order no to mask the edge diffraction contri-
bution. Focal distance is infinite, and thus incident field
is a plane wave.

In order to validate the results for edge diffraction,
a cireular flat disk of radius 2.387) has been analyzed.
Feeder is isotropic and located at an infinite distance
along disk axis, producing an incident field equal to a
plane wave. Figure 9 compares the analytical computa-
tion of edge line integral (4), dasbed line, with graphical
processing resuits, solid line. Surface reflection is not
considered, in order not to mask the edge diffraction
contribution. Graphical processing errors are smaller
than 1 dB.
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VI. CONCLUSIONS

The graphical processing approach (GRECO) for geo-
metrical analysis of arbitrary shapes, previously avail-
able only for RCS computation [1] [2](3}[4][5], has been
applied to the analysis of shaped reflector antennas.
GRECO has proved to be a very efficient implementa-
tion of physical optics (PO) and equivalent edge currents
(EEC) high frequency techniques, showing the following
remarkable features:

¢ Shaped refiector surface is modelled by a CAD
package. Parametric surfaces can be used for mod-
elling the reflector and the feeding structure, ad-
justing very accurately to the real antenna while
defining a relatively small number of degrees of free-
dom.

» Geometrical analysis is done by processing an im-
age of the reflector displayed at a graphical work-
station. Geometrical analysis algorithms are there-
fore independent on the modelling technique used
to mathematically describe the reflector surface
and edges. This simplifies dramatically the code
for electromagnetic computation by PO and EEC
methods.

» Simple and fast analysis of arbitrary surfaces and
edges allows the interactive design and optimization
of shaped reflectors with radiation pattern specifi-
cations.

Blockage of feeder and supporting struts is also ac-
counted by null-field approximation. A forthcoming pa-
per will present the graphical processing algorithm for
blockage analysis.
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