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Abstract

Modelling of the field in the quiet zone (QZ) of
a compact range is a difficult task since the
edges of the range reflectors are designed not
to radiate into the quiet zone. As a conse-
quence the edges of the range reflectors are
complicated to model electromagnetically.

In the present paper we compare modelling by
physical optics (PO) with modelling by the uni-
form geometrical theory of diffraction (GTD).
The investigation is carried out on a double
reflector range with rectangular serrated re-
flectors. It is found that the range far field de-
termined by PO is best explained by a ray
model for reflectors having a double straight
edge, which suggests to apply a GTD model on
reflectors with straight edges but with attenu-
ated diffraction contribution.

Both PO and GTD results are shown and com-
pared to measurements.

Keywords: Compact range evaluation, Compact range
modelling, Serrated edge modelling.

1. Introduction

In an ongoing study for ESA (ESTEC Contract No.
12878/NL/NB) Satimo and TICRA investigate the possi-
bilities for correcting compact range measurements for po-

larization errors. This involves a careful modelling of the
QZ ficld in the compact range in order to describe the in-

completeness of the field. In the following the results of
such modelling will be discussed.

The QZ field of a compact range shall represent a plane
wave and this is generated by one or more reflectors. An
ideal plane wave is, however, unlimited in width, so the
problem of the range design is to construct limits for the
plane wave without degrading it.

Two basic designs exist here. In the rolled-edge design the
ideal reflector surface is gradually bent to the rear. Hereby
the field is reflected away from the QZ until it disappears in
the backward direction. No rays from the rolled edge area
will reflect into the QZ.

The alternative is the serrated edge where the edge is cut in
teeth with edges mainly perpendicular to the straight edge.
Hereby all the diffractions are scattered away from the QZ.

Thus, in an electromagnetic modelling of the range, ray
methods such as GTD will not give a contribution to the QZ
field from the edges. Then a surface integration technique as
PO may be applied but a detailed modelling of especially
the edge serrations includes so many and fine details that it
is difficult to trust the method.

The edge treatment therefore calls for simplified solutions
both by PO and by GTD. In the present paper PO and GTD
methods based on the smooth reflector edge will be pre-
sented and compared to measurements.

2. Determination of the QZ field

The quiet-zone field of a compact range may be modelled
essentially by three different methods.

The first method is based on geometrical optics (GO),
which is employed in the basic design of the compact range.
When GO is applied in modelling of the quiet-zone field it




will only show the smooth field variation caused by the ta-
per of the feed. The typical field ripples characterising a
true QZ field cannot be modelled by GO. These ripples are
mainly generated by the edges of the main reflector.

GO may be combined with GTD whereby edge effects are
included, but in general the edges of the range reflectors are
difficult to model by GTD. For reflectors with rolled edges
these are constructed with such a smooth transition between
the central reflector and the rolled edge section that diffrac-
tions will not occur, at least not from known diffraction co-
efficients. For reflectors with serrated edges the serrations
have corners and tips, which are small compared to the
wavelength and they can therefore not be represented accu-
rately by GTD.

The last method is physical optics (PO) in which the cur-
rents on a reflector are determined and integrated to give the
field either on the subsequent next reflector or in the quiet
zone. In general the method is very accurate although it
assumes that the surface currents near the edge of a reflector
are not affected by the edge, which is obviously incorrect.
Further, PO may be very time consuming for large reflec-
tors, as the integration grid needs to be fine when the near
field shall be determined.

Modelling of rolled edges by PO is possible when the sur-
face is known but it is difficult to specify the point at which
the surface rolls back into the shadow from the illuminating
source.

For serrated reflectors it is more complicated and it is a dif-
ficult task to model each tooth of the serrations (cf. Chang
and Im [1]). The scattering from the serrated area will con-
sist of a surface-reflected contribution and a contribution
from diffractions in the edges of the teeth. With a proper
design the latter will not radiate into the QZ and is then less
important. At some distance from the teeth the former will
be smeared out. It may, therefore, be modelled by applying
the surface currents for a solid reflector weighted by the
relative solid area of the serrations. For teeth with straight
edges the weight will be linear, decreasing from unity at the
root of the teeth to zero at the tips. This modelling is
adopted in the following PO calculations.

All calculations presented were carried out by GRASPS [2].

3. Sample case: The CATR at ESTEC

As computational example, the Compact Antenna Test
Range (CATR) at ESTEC has been chosen. This range con-
sists of two singly curved parabolic reflectors with serrated

edges [3,4]. The subreflector collimates the feed radiation to
a horizontal field and the main reflector collimates the field
to a limited width, cf. Figure 1.

The main reflector has a height of 2500 mm and a width of
4000 mm. These measures are reduced by the serrations,
which are 400 mm on the main reflector. The subreflector is
slightly oversized, i.e. the GO rays to the main reflector
edge reflect inside the edge of the subreflector. The result-
ing aperture size of the solid part of the main reflector is
then 1700 mm by 2688 mm. Including the serrations the
aperture is 2500 mm by 3360 mm as illustrated in Figure 1.

The range feed is linearly polarized and has a taper of -2 dB
in the E-plane. In the modelling the H-plane taper is -2.2 dB
causing realistic cross-polarization lobes of -35 dB in the
45° planes. Further, an on-axis cross polarization at -40 dB
is modelled, see Figure 2.

Scattering in e.g. the walls and the AUT positioner is not
included in the presented modelling.

4. Measurements

The chamber has recently been refurbished and measure-
ment results in linear polarizations are available at 9.35
GHz for a horizontal and a vertical scan in the quiet zone
4560 mm in front of the centre of the main reflector [5]. The
calculated QZ fields will be compared to these measure-
ments.

5. PO-PO modelling

The QZ field of the CATR has been determined fully by
PO. Thus, first the currents on the subreflector are calcu-
lated from the feed illumination, next these currents illumi-
nate the main reflector and the resulting currents on the
main reflector are calculated. Finally, from the latter cur-
rents the QZ field is determined. The effect of the serrations
is included by weighting the currents linearly over the ser-
rated area of both reflectors.

The calculated QZ field in a horizontal plane is shown in
Figures 3 and 4 for horizontal and vertical range polariza-
tions, respectively, together with the measured results. A
qualitatively good agreement is found. Differences between
the two polarizations are due to different feed taper, polari-
zation dependent contributions from the edges, and spurious
signals. It is striking that the calculated results are very alike

for the two polarizations, which shows that the edge effects
have been effectively removed in the modelling,



The agreement between the model and the measurements is
less convincing in the vertical cut, Figure 5, in which the
PO-PO model shows very strong ripples while the meas-
urements show small variations.

6. GO-PO modelling

A simpler calculation is obtained by modelling the subre-
flector by GO. Thus the currents on the main reflector are
determined directly from the feed radiation reflected in the
subreflector. The serrated area of the subreflector is then
considered as solid and edge effects from the subreflector
are neglected. The QZ field is determined by applying PO
on the main reflector as before. The results are shown in
Figure 6 and the simpler GO-PO method shows a better
agreement with the measurements for horizontal range po-
larization than the PO-PO model. However, this is not
found for the vertical range polarization.

In the vertical cut, Figure 5, the GO-PO model shows a
better agreement to the measurements than the PO-PO
model did.

The fact that the GO-PO model is better than the PO-PO
model suggests a ray interpretation of the field propagation
through the range. In the horizontal plane a GO analysis
shows, cf. Figure 1, that the rays to the edge area of the
main reflector are reflected within the solid area of the
subreflector. The GO analysis of the subreflector is thus
realistic.

In the vertical plane we find that the rays, which are GO
reflected in the serrated area of the subreflector also hit the
serrated area of the main reflector. As the PO modelling
weights the currents over the serrated area it is the same
rays which are weighted both on the subreflector and on the
main reflector. This squared weight will be steep at the base
of the serrations and this may in the modelling result in a
partial elimination of the serrations resulting in the strong
ripples in the vertical patterns.

7. Far field by PO-PO

For further evaluation of the range the far field (at 12 GHz)
has been calculated by PO on both the subreflector and on
the main reflector. A horizontal cut in the far field is shown
in Figure 7 where we find side lobes at oscillating levels.
The lobe pattern can be explained from the serration model,
which gives the aperture distribution a discontinuous de-

rivative at the root of the serrations where the weighting
starts. The aperture then has two characteristic widths, D,

including and D, excluding the serrations. The two aper-
tures cause far-field lobes given by

sin(mw;)/(mu;) where u; = (Dy/A), i=1,2,

¢ being the horizontal far-field angle. Neglecting the nomi-
nator, the sum of the two sine functions can be written as the
product of sin(wu.) and cos(mu.) where

u = (u1+u2)/2 = ((D1+D2)/2}\)¢ = (D/)\‘)d) and
w = (w-w)/2 = ((Dy-Da)/20)d = (LAY ,

D being the width between the centres of the serrations and
L the width of the serrations in the aperture plane.

The narrow lobes in the pattern are then spaced by A/D =
25mny/3024mm = 0.47° and the wide lobes of the envelope
are spaced by /L = 25mm/336mm = 4.3° in agreement with
the calculated far field, Figure 7.

In a vertical cut the lobes are quite different. This is most
easily observed in a contour plot of the far field around the
main lobe, Figure 8. The groups of narrow lobes in the hori-
zontal plane are seen in agreement with Figure 7, but in the
vertical direction the narrow lobes follow a curve to the
right while some wider lobes follow a curve slightly bend-
ing to the left.

Though calculated by PO this is explained most easily by a
ray interpretation. All rays from the subreflector are hori-
zontal. The vertical edges of the main reflector will then
diffract only in the horizontal plane as already observed.
The horizontal edges of the main reflector will diffract in a
cone, which in average has an opening angle of 57° and
which cuts the far-field sphere in the right-bending curve of
Figure 8. The lobe widths along the curve are 0.85° corre-
sponding to an effective height of 1700 mm, which is the
height of the main reflector without serrations. The results
are calculated by PO-PO, which, cf. Section 6, to a high
degree ignores the serrations.

The other row of lobes bending to the left follows precisely
the trace of the diffraction cones from diffractions in the
horizontal edges of the subreflector followed by reflection
in the main reflector. The width of the lobes, 4.7°, corre-
sponds to the height of the serrations on the subreflector,
300 mm.

Of the rays from the lower subreflector edge only those
above horizontal level will be reflected in the main reflector
and radiate in the upper part of the contour diagram. Corre-
spondingly, the rays from the upper edge of the subreflector
will radiate in the lower part of the contour diagram. Thus,
the rays from the upper and lower subreflector edge do not
interfere and narrow lobes do not occur.



8. GO-GTD modelling

As the PO-PO far field is successfully explained by GTD
rays from rectangular reflectors it is reasonable to try to
model the compact range by GTD on reflectors with straight
edges along the centre lines of the serrations. However, The
edge contributions shall be attenuated suitably. Here good
results have been obtained by attenuating the diffracted sig-
nals by 20 dB.

Calculation of the QZ near field with GO on the subreflec-
tor and GTD on the main reflector results in the fields
shown in Figure 9 for horizontal range polarization. The
agreement with the measurements is reasonable and as good
as for the previous models.

9. Longitudinal cut in the QZ

The variation of the QZ field down through the range is
rather slow as shown in Figure 10, which shows a compari-
son between the results for the GO-PO model and the GO-
GTD model. The periods in the ripples of the field are
clearest in the GO-GTD model and are related to the main-
reflector edge-diffracted rays of which precisely four exist.
The closer the edge, the shorter the period. GO-PO gives a
field with less distinct periods but qualitatively alike the
GO-GTD field.

10. Conclusion

In the present paper the electromagnetic modelling of a
compact range consisting of two serrated single-curved re-
flectors has been investigated. In the PO method the serra-
tions of the reflectors have been modelled by giving the
surface currents a relative weight proportional to the solid
area of the serrations. Applying GO on the subreflector and
this PO model on the main reflector gives slightly better
results than applying PO on both reflectors.

It has been very rewarding to interpret the PO results from a
ray-tracing point of view. Subsequent GTD computations
on the main reflector modelled with straight edges along the
centre line of the serrated areas and with the edge diffracted
field attenuated by 20 dB turns out to give results which,
when compared to measurements, are as good as the PO
based results. The ripples in the calculated QZ field have
correct amplitude but the lobe distance seems to be too
short, which indicates that the modelled aperture of the
range is larger than the effective aperture.

The ray interpretation suggests future investigations in

which the reflectors have a double rim, one at the base of
the serrations and one at the tips. Such a modelling is
planned in the near future.
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Figure 1 The model of the CATR at ESTEC. Rays from
the feed to a horizontal cut in the QZ are shown,
the width of the cut is £1500 mm. The rectangle
in the QZ is the aperture of the main reflector in-
cluding serrations. The white borders of the re-
flectors illustrate the serrated arcas.
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Figure 7 CATR far field calculated by PO-PO, horizontal
cut, horizontal range polarization (12 GHz).
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