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Abstract — Near-field distribution of an offset Gregorian antenna to be used as a “compact-range reflector antenna” is numerically 
analyzed by Boundary-Element Method (BEM) at microwave frequencies. The near-field distributions for a selected measurement 
range are first computed by BEM and then compared with the corresponding measured patterns. As for the aperture-field 
measurement, a small 0.7-wavelength circular probe installed on a high-precision linear scanner was used. Good agreement is 
observed between the BEM results and the measured data. The BEM has proved to be a powerful analysis tool for open-boundary  
antenna problems. It has also been found that there exists strong interaction between the compact-range antenna and the test 
antenna which may cause measurement errors. 
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I. INTRODUCTION 

The compact range, which was first presented as an 
alternative to the conventional outdoor test range, has 
become popular  for its wide scope of applications in 
antenna/scattering measurements. It has been reported that 
the compact range enables weather-free and interference-free 
measurements, and is also well suited for real-time and long-
term measurements. 

The basic concept and implementation of a compact 
range was introduced as in [1] using a portion of a parabolic 
reflector to generate plane waves. Research on the design of 
a compact range feed horn using a two-dimensional model 
[2] and on the analytical treatment of the compact range have 
been published [3]. A study report for compact-range 
construction by waveguide array antennas is also presented 
[4], where the research was conducted aiming at low-cost 
implementation of compact-range environment.  Authors, in 
order to improve the performance of the above waveguide 
antenna [4], tried to load a cross-polarization-reducing and 
edge-effect-elimination absorber panel on the antenna 
surface [5].  

In the past, however, many of the compact-range 
antennas used was of offset-fed parabolic reflector type so 
that the feed blockage and scattering effects could be 
avoided. Recently, our laboratory introduced a 1.8m-
diameter offset Gregorian antenna. The antenna was installed 
in the anechoic chamber, and the radiation pattern 
measurements of small antennas at microwave frequencies 
have been conducted. The measured data, however, show 
some differences depending on the location of the test 
antennas, due probably to interactions between the 
transmitting and the test antennas. 

The purpose of this paper is to simplify the introduced 
three-dimensional Gregorian antenna into a two-dimensional 
model, and apply Boundary-Element Method (BEM) to the 

model so that the overall electric-field distribution of the test 
range is analyzed numerically and visualized for evaluation.  

II. TWO-DIMENSIONAL MODEL OF OFFSET GREGORIAN 

ANTENNA 

The cross section of the introduced Gregorian antenna,   
assumed to be the two-dimensional (2D) model of the 
antenna, is shown in Fig. 1. Electromagnetic waves coming 
out of the primary radiator are reflected first by the sub 
reflector, then by the main reflector, and propagate to the 
forward direction. Although both the vertical and the 
horizontal polarizations are available in the actual Gregorian 
antenna, the horizontal polarization only is considered here. 
Considering physical dimension of the anechoic chamber 
(approximately 3m x 3m x 6m), the measurable target area is 
chosen as in Fig.1. 

In the numerical analysis by BEM, the integral equation 
for the two-dimensional model antenna is discretized and 
converted into a set of simultaneous equations. The 
unknowns on the boundaries are then solved after the 
necessary boundary conditions are introduced. The number 
of the nodes, given to the primary radiator, sub reflector, and 
the main reflector, is 408, 283, and 1885, respectively. The 
total node number of this two-dimensional offset antenna 
then comes to 2576. Nodes are not given to the main 
reflector back surface except the upper and lower edge 
portions as the purpose of this paper is to examine the 
behavior of the electric-field distribution in the reflector 
forward direction. 

As the boundary condition, a TE10-mode distribution is 
given only to the input nodes of the primary radiator, and 
zero potential is given to all other nodal points. The space 
between the two adjacent nodes is chosen less than 0.1 
wavelengths to ensure adequate calculation accuracy. 
Calculations in this paper were conducted using the method 
shown in [6]. 
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III. MUNERICAL COMPUTATION RESULTS 

A. Computation of  aperture electric-field distribution and 
its comparison with measurement 

In the coordinate system shown in Fig. 1, the amplitude 
of the aperture electric field for the position y=500 mm 
~1300 mm is computed and shown by a solid line in Fig. 2, 
where the position x is fixed at 1700 mm. The figure shows 
that  the  deviation of the amplitude for the range y=700 
mm~1100 mm is observed to be less than 2 dB .  

 
 

Fig.1 Cross section of Gregorian antenna 
 

 
Fig. 2 Computed and measured field distribution (amplitude) 

 
The corresponding measured field strength is shown in a 

dotted line. The measurement was conducted at f=12 GHz by 
scanning a 0.7-wavelength circular-aperture probe 
perpendicularly in front of the Gregorian antenna. (Fig. 3)  

Good agreement is observed between the computed 
data and the measured data for the range y=700 
mm~1100 mm. 

 

 
 

Fig. 3 0.7-wavelength circular-aperture probe 
 

Fig. 4 shows the corresponding phase distributions for 
the same test range. The solid and dotted line shows 
computed and measured values, respectively. The desired 
phase deviation in the antenna measurement is known to be 
less than 22.5 degrees. If we follow this standard, the range 
which satisfies the condition is the area y=700 mm ~1100 
mm. From the results in Fig.2 and Fig.4, it is shown that 
there is a good agreement between the computed and the 
measured results both in the amplitude and in the phase 
distribution. 
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Fig. 4 Computed and measured field distribution (phase) 

 

 
 

Fig. 5 Schematic diagram of aperture data acquisition system 
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Fig.5 shows a schematic diagram for measuring the 
amplitude/phase distribution of the Gregorian antenna. A 
microwave signal generated by DRO (Dielectric-Resonance 
Oscillator) is divided into two signals. One is fed into the 
offset antenna as the “vertical polarization”, while the other 
is fed as the “horizontal polarization”. In this measurement 
only the horizontal polarization was used. However, in the 
actual field-distribution measurement, right-hand circular or 
left-hand circular polarization is also available by properly 
adjusting the amplitude and phase of the two signals.  

The signal received by the probe is fed into a down 
converter and compared with the reference signal. The 
amplitude output is fed into a spectrum analyzer for a wide 
dynamic-range measurement. 

Good agreement between the numerical and the 
measured results shows that the BEM is effective for the 
analysis of antenna radiation problems. 

B. Two-dimensional expression of aperture field in the x-y 
plane 

For the range of x= -1300 mm~2000 mm, y= -320 
mm~1780 mm, the electric field is computed by BEM. The 
overall aperture field is shown in Fig. 6 as a two-dimensional 
equi-contour expression. The figure clearly shows how the 
incident field is fed into the sub reflector, how the main 
reflector is illuminated, how the standing wave near the main 
reflector surface is formed, and most importantly how the 
area of equal amplitude is generated in the aperture.  

 

 
Fig. 6 Electric field distribution (amplitude) 

 
Fig. 7 illustrates the corresponding phase distribution of 

the antenna for the same computation range. It is seen that 
the waves reflected by the main reflector form a plane wave 
near the main-beam axis and propagate to x direction. 

 
Fig. 7 Electric field distribution (phase) 

 
 

From these figures, it is demonstrated that antennas 
whose aperture dimension being less than 400 mm can be 
tested under this environment.  This visualization gives 
valuable knowledge to antenna engineers. 

As stated before, the nodes are not given to the backside 
surface of the main reflector in order to reduce the dimension 
of the simultaneous equation. Diffraction/scattering effects 
by the main reflector edge can be easily evaluated if the 
nodes are placed to the entire antenna system.  

IV. RADIATION PATTERN CALCULATION OF PARALLEL-
PLATE HORN ANTENNA  UNDER THE PROPOSED COMPACT-

RANGE ENVIRONMENT 

A. Near- field distribution of the compact range antenna 
when the measurement antenna is present 

 
Fig. 8 Placement relation of the compact-range antenna 

and test antenna 
 

A parallel-plate small horn antenna whose aperture 
dimension being 148 mm is placed at the position (x=1700 
mm, y=900 mm) as shown in Fig. 8. The polarization is 
horizontal. The computed patterns of the test antenna are 
so-called H-plane radiation patterns. In this analysis, 664 
nodes are placed over the parallel-plate test antenna surface. 
Therefore, the total node number of the whole antenna 
system is 3240.  
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Fig. 9 Electric field distribution (amplitude) with the test antenna 

 

 
Fig. 10 Electric field distribution (phase) with the test antenna 

 
It is well observed in Fig.9 and Fig.10 that there exists a 

strong standing wave between the test antenna and the 
compact-range antenna. The standing wave between the 
compact-range antenna and the sub reflector is also shown  
clearly. The manner how the reflected wave disturbs the 
compact-range field is visually shown.  

Reflection of electromagnetic waves by the measuring 
antenna is unavoidable. However, the disturbing effects on 
the source antenna by this reflection must be controlled and 
limited as much as possible. Appropriate use of radio-wave 
absorber is considered as one of the solutions. 

 

B. Comparison of radiation patterns between the compact-
range environment and the far-field environment 

 
Fig. 11 shows the result of the computed radiation 

patterns. First, in order to obtain a reference far-field pattern, 
a line-source antenna (transmitting antenna) without the 
compact-range antenna was placed far apart from the 
parallel-plate horn antenna (test antenna). Then the horn 
antenna is rotated and the received field intensity in the 
waveguide of the test antenna was picked up and plotted (B). 
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Fig. 11 Radiation patterns of the parallel-plate horn antenna 

(A: compact range, B: far-field) 
 

The corresponding radiation pattern computed under the 
suggested compact-range environment was plotted (A) in the 
same figure. Good agreement is observed between the two 
patterns on the whole, despite of the effects of multi-
reflection waves between the test antenna and the compact-
range antenna. Some discrepancy, however, is observed at 
angles θ= -30 ~ -5 0 degrees due mainly to the spillover 
contribution from the sub reflector. This may be eliminated 
by properly placing some shielding plates, etc. 

V. CONCLUSION 

A compact-range environment plays an important role in 
antenna measurements. However, if the space between the 
transmitting and the receiving antenna is too short, strong 
interaction occurs and may cause significant measurement 
errors. In this paper, by simplifying a three-dimensional 
offset reflector antenna into a two-dimensional structure, we 
applied BEM and analyzed how the reflected/scattered 
waves from the test antenna disturb the overall 
electromagnetic fields of the compact-range antenna.  

The important future research challenge is the reduction 
of multiple reflections between transmitting antennas and 
receive antennas by using, for example, radio-wave 
absorbers. 
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