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Abstract— We present an analysis on the performance of two popular dual offset antennas design, i.e. the offset Cassegrain and
Gregorian reflector antennas. In our study, we have adopted the design parameters for the Cassegrain configuration used in the
Atacama Large Milimeter Array (ALMA) project. Modifications on the original parameters are made so as to meet the design
requirement of the offset configurations. To reduce spillover loss, we have adjusted the angle between the axis of the primary reflector
and that of the sub-reflector to 0.20. The results obtained from the physical optics computation show that the amplitude at the main
lobe of the Gregorian configuration is approximately 74.02 dB, while that of the Cassegrain configuration is approximately 74 dB.
The maximum (relative) side lobe level, SL}g for the Cassegrain and Gregorian configurations are found as -3.67 dB and -3.69 dB
respectively. Although the magnitude of the main lobe for both configurations is comparable, the Gregorian antenna gives relatively
lower SLL4g. In other words, the Gregorian configuration performs relatively better than its Cassegrainian counterpart.
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Cassegrain or Gregorian is a type of asymmetry paraboloid

[. INTRODUCTION reflector antenna. The configuration of an offset antenna is

In ground-based radio astronomy, radio telescopes areth‘,']‘t the subreflector and feed are placed_at one side of the
m Primary reflector. As a result, the focal point of the antenna

built to observe naturally occurring signal emission from ! Iso located on the side of the ori flector. E |
cosmic sources, such as stars, galaxies, planet, quasars, i @'So located on the side of the primary refliector. Examples

: . : . isting telescopes which employ offset Gregorian optics
[1]-[5]. A typical radio telescope consists of a parabolic of exis X
primary reflector antenna and a hyperboloid or ellipsoid sub- aLe the Green Bank Telet;sctc:pe I(IGBT) {11]_[14]' the Arecibo
reflector. Incoming signal radiation is collected by both the observatory [15], [16] and the Allen Telescope Array (ATA)

primary and sub-reflectors and is subsequently focused ont 17], [18] while the Crawford Hill antenna of the Bell

a sensitive receiver located behind or at the bottom of thecelephon_e Labf(_)ratories '[I'lhg]’ [2.0] c(jemploys t?eh oﬁ?fet
parabolic reflector. The incoming waves are then converted assegrain configuration. The main advantage of the offset

into electrical signals inside the receiver and processed todeSIgn is that the aperture blockage can be reduced since the

display the spectral and spatial information carried by thef%d’ subreflector and th_e support structure are move_d away
signal [6]-[8]. from the path of the incoming signals to the primary

reflector. Hence, the loss of the antenna, particularly
spillover loss and also cross polarization can be significantly
reduced [21]. Fig. 1 (a) and (b) illustrate the optical

The radiation characteristics of a reflector like an antenna
efficiency, antenna pattern, polarization discrimination, etc.

are highly dependent on the structural configuration of the . X
antenna. Studies have shown that a reflector that uses &''angement of an offset Cassegrain and an offset Qregonan
antenna respectively. As compared to the Cassegrain design,

parabolic geometry in its design can obtain better radiation® : -
characteristics as when compared to those using a corne can be seen from Fig. 1 that the position of the subreflector

reflector or a plane reflector [9]. Examples of paraboloid of the offse'; Gregorian antenna is located _somewhat farther
reflector antennas are the front-fed parabolic, Cassegrain,from the primary reflector, _Wh'le the feed is nearer to the_
Gregorian, Naysmith, offset Cassegrain and Gregorian assubreflector. Because of this reason, the offset Gregorian is

well as the beam waveguide configurations [10]. An offset relatively larger in size. Since both offset designs have their
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own advantages and disadvantages, it will certainly be
interesting to find out which design configuration performs

better at a particular range of frequency. In this paper, we
present an investigation on the radiation characteristics of
these two types of offset reflector antennas.

[I. MATERIAL AND METHOD
In our analysis, we employ the parameters used in [4] for

both the offset Gregorian and Cassegrain antennas. Ta

minimize the side lobe levels and cross polarization, we also
apply Mizugutchi condition to optimize the design of our

offset antennas. The condition to cancel cross polarization in
offset designs can be determined by equation [22] as follows

_ |1-€° |
(t € - 2cosf

1)

whereM is the magnification ratice the eccentricity of the
subreflector as depicted in Fig. 1 (a) and fbjs the angle
between the axis of the primary reflector and that of the
subreflector. To develop the offset configurations based on
the original on-axis designs in [4},is adjusted to move the
positions of the feed and the reflectors.

I1l. RESULTS ANDDISCUSSION

Gregorian designs, we have selected signal frequesicthe
high edge of ALMA band 1, i.e. 45 GHz. We have also
variedg at 0.26, 0.25, 0.3C and 0.38. As shown in Fig. 1

(b)
To ana|yze the performance of the offset Cassegrain andtig- 1 The optical arrangement of an (a) offset Cassegrain antenna (b)

offset Gregorian antenna

TABLE |
PARAMETERS FORTHE CASSEGRAINANTENNA

() and (b), the smaller the angle /fthe distance of the

feed will be shifted closer to the primary reflector. Hence, it

is important to ensure that an appropriate valug isrto be

chosen. This is to avoid placing the feed underneath the

parabolic reflector causing the signal to be partially, if not

completely, blocked by the reflector. With careful design,

we found that ap = 0.20, the feed is placed close enough

right next to the edge of the parabolic reflector. The

parameters for both Cassegrain and Gregorian antennas

tabulated respectively in Table 1 and 2. Fig. 2 to 4 depict th
radiation patterns of the offset Cassegrain antenga=al’,

45° and 90 respectively. As can be observed from the

figures, the magnitudes of the side lobes for differ@nt
values are almost comparable and can hardly be

distinguished. On the other hand, the main lobes show
marked difference withg = 0.20 having the highest

amplitude. It can also be seen that the amplitude at the main

lobe gradually decreases gisncreases. Indeed, the results

obtained for the case of the Gregorian antenna is in

consistency with those found in the Cassegrain antenna. As

can be seen in Fig. 5 to 7, although there is no obvioug

difference among the radiation patterns of the side lobes, the

main lobe at the sub-reflector of the Gregorian antenna is

his highest whe = 0.20 and the lowest a8 = 0.35. The

results found in both offset configurations are in agreemen
with each other. Ag increases further from 0.2(he feed

will be shifted farther away from the primary reflector.

Hence, we attribute the reduction of amplitude at the mai

lobe, to the increase of spillover effect when the feed is
placed farther away from the reflector.

Symbol Description Data
D Diameter of primary aperture 120m
fy Focal length of primary reflector 4.8m
d Diameter of secondary aperture 0.75m
M Magnification 20
fID Primary focal ratio 0.4
F Focal length of equivalent paraboloid 96
F/D Secondary focal ratio 8
€ e Secondary eccentricity 1.10526
2c Distance between primary and secondar§.177 m
foci
Z Back focal distance 1.377m
it Angle between main reflector axis and 0.20
secondary reflector axis T
TABLE I
PARAMETERS FORTHE GREGORIAN ANTENNA
Symbol Description Data
D Diameter of primary aperture 12.0m
fa Focal length of primary reflector 4.8 m
d Diameter of secondary aperture 0.75m
M Magnification -20
f/D Primary focal ratio 0.4
F Focal length of equivalent paraboloid 96 m
F/D Secondary focal ratio 8
e Secondary eccentricity 0.90476
2c Distance  between primary and 6.177 m
secondary foci
Z Back focal distance 1.377 m
B Angle between main reflector axis and 0.2C
secondary reflector axis
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Fig. 3 The beam patterns of an offset Cassegrainwitd.20 (solid lines),
0.25 (dotted lines), 0.30(dashed lines) and 0.3&dashed-dotted lines) it
= 45 GHz andy = 45 (a) Main lobe (b) side lobes ét= -0.1% to -0.0458
and (c) side lobes &t= 0.045to 0.15

Fig. 2 The beam patterns of an offset Cassegrainwitd.20 (solid lines),
0.25 (dotted lines), 0.30(dashed lines) and 0.3fdashed-dotted lines) ft
= 45 GHz andp = (. (a) Main lobe (b) side lobes éat= -0.15 to -0.0458
and (c) side lobes &t= 0.045t0 0.1%
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Fig. 5 The beam patterns of an offset Gregorian gith0.20 (solid lines),
0.25 (dotted lines), 0.30(dashed lines) and 0.3&dashed-dotted lines) ft
= 45 GHz andy = (°. (a) Main lobe (b) side lobes ét= -0.15 to -0.0458

and (c) side lobes &t= 0.045t0 0.1%

Fig. 4 The beam patterns of an offset Cassegrainwitd.20 (solid lines),
0.25 (dotted lines), 0.30(dashed lines) and 0.3fdashed-dotted lines) ft
= 45 GHz andp = 9¢. (a) Main lobe (b) side lobes @t= -0.15 to -0.045
and (c) side lobes &t= 0.045t0 0.1%
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Fig. 6 The beam patterns of an offset Gregorian gvith0.20 (solid lines), Fig. 7 The beam patterns of an offset Gregorian ith0.20 (solid lines),
0.25 (dotted lines), 0.30(dashed lines) and 0.3&ashed-dotted lines) ft 0.25 (dotted lines), 0.30(dashed lines) and 0.3&lashed-dotted lines) it
= 45 GHz andp = 45 (a) Main lobe (b) side lobes @t= -0.1% to -0.045 = 45 GHz andy = 9¢. (a) Main lobe (b) side lobes @t= -0.1% to -0.045
and (c) side lobes &t=0.045t0 0.18 and (c) side lobes &t= 0.045to 0.158

Since it is interesting to determine which of the two
offset reflectors perform better, we compare the radiation
patterns of both the Cassegrain and Gregorian configurations
at = 0.20. As shown in Fig. 8 to 10, the side lobes of the
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two offset antennas are in close proximity. However, the
main lobe of the Gregorian design is relatively higher than
its Cassegrain counterpart. The amplitude at the main lobe of
the Gregorian configuration is approximately 74.02 dB,

while that of the Cassegrain configuration is approximately
74 dB. Similarly, the amplitude at the highest side lobe of
the Gregorian configuration is approximately 48.4 dB,

whereas, that of the Cassegrain configuration is
approximately 48.5 dB. The maximum (relative) side lobe

level, SLLgg is given by [23].
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Fig. 9 The beam patterns of an offset Cassegrain (dashed lines) and
Gregorian (solid lines) configuration, it 45 GHz andp = 45. (a) Main
lobe (b) side lobes #&=-0.1% to -0.0458 and (c) side lobes at= 0.045 to
0.1%°

Fig. 8 The beam patterns of an offset Cassegrain (dashed lines) and

Gregorian (solid lines) configuration fit= 45 GHz andy = (. (a) Main
lobe (b) side lobes #&= -0.1% to -0.045 and (c) side lobes &t= 0.045 to
0.1%
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SLL,; =20lo F(SLL 2
F(max

where |F(max)| is the maximum value of the pattern
magnitude, i.e. the peak of the main lobe and |F(SLL)| is the
maximum pattern value of the highest side lobe. TheySLL
for the Cassegrain and Gregorian configurations are found,
respectively, as -3.67 dB and -3.69 dB. It is apparent that the
Gregorian configuration has lower maximum side lobe level.
In other words, the Gregorian configuration performs
relatively better than its Cassegrain counterpart. Although
the main lobe is relatively higher in the Gregorian design, it
can be observed that the power received in both
configurations is still very close in magnitude.

IV. CONCLUSIONS

We have performed a comparison between two popular
dual offset antenna designs, i.e. the offset Cassegrain and
Gregorian reflectors. To reduce spillover loss, we have
adjusted the angle between the axis of the primary reflector
and that of the sub-reflector to 0%2@his is to ensure that
the feed is close enough and yet not being blocked by the
primary reflector. From the results, it is observed that the
radiation patterns generated from both antenna
configurations are in close proximity to each other.
Nonetheless, the Gregorian design shows relatively higher
magnitude at the main lobe which indicating that it gives
better performance than its Cassegrainian counterpart.
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