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Abstract - Accurate antenna noise temperature calculations
of an offset Gregorian reflector system over a wide frequency
band is computationally expensive. The main reflector masking
technique, which removes the main reflector from the
calculation domain, considerably reduces the computational
cost, but for an electrically small reflector system, diffraction
effects affect the accuracy. Recently improvements to this
technique were proposed by introducing correction factors. In
this paper we investigate the improvement in accuracy using
higher order compensation factors, frequency subdivision, and

direct interpolation of the residual of the antenna temperatures.

Index Terms — Noise temperature, radio astronomy,
receiving sensitivity, reflector antennas.

1. Introduction and Interpolation Techniques

An important metric (which needs to be accurately
predicted) for radio telescopes is receiving sensitivity. This
is the ratio of effective aperture area to system noise
temperature (A4./Tys), where the system noise temperature is
the sum of receiver (assumed here to be 10 K) and antenna
noise temperatures. Calculating antenna noise temperature,
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entails integrating the product of the antenna radiation
pattern P with the surrounding scene brightness temperature
Ty [1] (defined in the standard spherical coordinate system
with azimuthal and polar angles ¢ and 0) over the entire 4n
steradian sphere, and this is determined over both antenna
elevation angles 6, and frequency f. Calculating (1) is often
a computationally expensive task for reflector systems, due
to a prohibitively large number of radiation pattern samples
required to ensure convergence of the noise temperature
integral, and the calculation of the antenna noise temperature
itself. The main reflector masking technique, which was
proposed in [2], approximates the antenna noise temperature
calculation, as follows:
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where is the total antenna radiation pattern with the
main reflector removed from the electromagnetic calculation
domain, and 7;"** is the brightness temperature that
includes a masked region with temperature 7% . The masked
region is the angular extent of the scattered energy from the
sub-reflector (in transmit mode) in the direction of the main
reflector. This is illustrated in Fig. 1.

Copyright ©2016 by IEICE

804

80 20 0 % 180
[
(a)

-180 90 0 90 180 S0 90 [ 90 180
#1°] #1°

(©) (d)
Fig. 1. For an offset Gregorian reflector system a typical antenna pattern
(a) and the scene brightness temperature (b) (¢, = 0°) as multiplied in (1)
are shown. For the masking technique the pattern with the main reflector
removed (c) is multiplied by the masked scene brightness temperature (6, =
0°) (d) as in (2).
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For the method described in [2] it is assumed that all the
scattered energy in the masked region is reflected into the
main beam and thus toward the sky, ie. T% is the sky
temperature in the pointing direction of the reflector system.
The masking technique has the advantage that the number of
unknowns in the EM model is greatly reduced due to the
exclusion of the main reflector, and significantly fewer
pattern samples are required for the convergence of the
integrals in (2). This method typically underestimates the
noise temperature with increasing error for electrically
smaller systems. This is due to the diffraction of energy
behind the main reflector causing an effective increase of
background noise temperature for the energy in the direction
of the main reflector mask. A diffraction compensation
factor, a(f, Bp) was introduced in [3], where T'¢ is then,

T%(f,6,) = [1—a(f,6,)]T" + a(f,6,)T°. 3)
Here T is the brightness temperature in the direction of the
main beam and T¢ is the approximate brightness
temperature behind the reflector system. For the case that
a =0 (¢’ model) the temperature model is that given in [2].
The technique in [3] approximates & by doing a single
frequency full system (including main reflector) analysis at
/i (typically chosen at the lowest frequency of interest) and
assuming inverse frequency dependence, i.e.

“’(f' ep) = “(fl' ep)l;_l’ 4)

This a' compensation technique works reasonably well
when feeds are used with stable radiation patterns over
frequency, have low edge taper, and on classical, focused
reflector systems. For other cases, higher order



compensation factors using two (") [4] and three (a™) full
system analyses improve the fit to . These models are
defined as follows:
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where

) = e ¢ i, o
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The frequencies f> and f3 would typically, due to a lack of
a priori information about a, be chosen at the end and in the
middle of the frequency band respectively.

For comparison of the a” model to the lower order
models (a’, a’, a”) frequency subdivision was used to
allow for the same number of frequency point evaluations
in each model. Thus for the a” model the frequency range
was subdivided into two regions with region one in the
range [f1, f3] and region 2 in the range [f3, f2]. This model is
then referred to as the a; model. Similarly the aj model
uses the three frequency evaluations. Note that this model
essentially extrapolates from each frequency point as
opposed to the other models that interpolate between
frequency points.

As an alternative to the compensation factor models a
polynomial interpolant of the residual of the antenna
temperature and the approximated antenna temperature, i.e.

R =T, — T{"*¥, (10)
was considered. The order of the interpolant is one less than
the number of frequency points used. For the examples
below three frequency points were used, thus the order of

the interpolant is two, and the model is referred to as the
T," model.

2. Results

The accuracy of the interpolation techniques were
investigated on several Gregorian reflector systems for both
unshaped and shaped systems, with and without sub-
reflector extensions [4] and illuminated with Gaussian feeds
of various edge tapers. Only some of the results are given
here. Fig. 5 shows that for a shaped system with a 16 dB
edge taper, that the ' model does not fit @ very well and the
receiving sensitivity error is above 5%. As the model order
increases the accuracy increases and for a” the error is
below 0.2% over the entire plane, i.e. frequency and
elevation angles. A comparison of the various interpolation
models with each using the same three frequency evaluations
and frequency sub-division is given in Fig. 6. Again the a”
model has the best accuracy, however, the difference
between the a” and a; models is small. Also shown in
Fig. 6(b) is the error when interpolating the residual (10)
plotted in Fig. 7. Although this method is perhaps easier to
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implement, it has slightly larger error than the compensation
factor techniques.
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Fig. 2. The (a) correction factors and (b) receiving sensitivity errors for the
models without frequency sub-division on a shaped reflector system with a
20° sub-reflector extension illuminated with a Gaussian feed of edge taper
16 dB. Lines are given for 6, = 0° (solid), 6, = 35° (dashed), and 6, = 70°
(dotted).
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Fig. 3. The (a) correction factors and (b) receiving sensitivity errors for the
models using three frequencies on a shaped reflector system with a 20° sub-
reflector extension illuminated with a Gaussian feed of edge taper 16 dB.
Lines are given for 8, = 0° (solid), 6, = 35° (dashed), and 6, = 70° (dotted).
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Fig. 4. A second order interpolant with three support points fitted to the
residual R for the shaped reflector system with a 20° sub-reflector extension
illuminated with a Gaussian feed of edge taper 16 dB.
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