The 2009 International Symposium on Antennas and Propagation (ISAP 2009)
October 20-23, 2009, Bangkok, THAILAND

Near Field Measurement Simulation

Using Planar Surface

#'Eko Tjipto Rahardjo, ®Fitri Yuli Zulkifli, *Catur Apriono, “Adrian Andaya Lestari

123 Antenna Propagation and Microwave Research Group (AMRG)
Electrical Engineering Department, Faculty of Engineering, Universitas Indonesia
Kampus Baru Ul Depok 16424, Indonesia
*International Research Center for Telecommunication and Radar (IRCTR)-Indonesian Branch

JI. Ganesha Bandung, Indonesia

1. INTRODUCTION

It is well known that implementing antenna measurement test range require large real estate
and high cost. In limited space availability, as in our Department, however require near field
measurement facility in order to measure large antenna system. Therefore to overcome this problem,
we plan to build near field measurement system.

There are three near field methods known which are: the planar, cylindrical and spherical
surfaces [1]-[3]. The design of the near field method with planar surface is proposed due to the
advantages of the formula and computation process simplicity compared with the other near field
surface methods. Although this planar surface method is not an accurate method, this planar surface
method can be used well to predict measurement of the antenna’s radiation pattern.

The near field antenna measurement method conducted by [4] and [5] uses the planar surface
method to transform the near field to far field measurement. Both [4] and [5] measured near field
measurements and transformed it to far field measurement results. The transformation result of the
near field measurement is than compared to the far field measurement, which is also measured.

In this paper, the measurement simulation program is developed and implemented to transform
near field data to far field data. The developed near field to far field transformation program is
compared to far field measurement simulation using Ansoft HFSS version 11.1.1. The comparison
of the developed transformation program with HFSS program is than discussed.

2. The Near Field Measurement System

The measurement system, which is used, consists of a probe antenna as the transmitter and an
antenna under test (AUT) as the receiver antenna. The probe antenna is a horn antenna with dimension
of 4.93 cm x 6.73 cm. In the process of near field data, it is assumed as a horn antenna detector. While
the AUT is a 2-dimensional array antenna with the dimension of 12 cm length, 4 cm width and 0.32
cm thickness. The probe antenna and the AUT are shown in Fig.1. With this dimension, the near field
range of the antennas can be calculated.

The near field range of the AUT obtained is from 8.95 cm to 41.11 cm, while the probe from
2.65 cm to 2.99 cm. Therefore the distance between the AUT and probe antenna is 38 cm. For the
planar surface method, the measurement system is designed to reach the point of 6 in the range of
20.80° to 158.89° and ¢ in the range of -69.19° to 68.89°.

Both AUT and probe antenna will be used as data acquisition to obtain the near field data.
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3. Near Field to Far Field Transformation

Following is the general far field equation, where 8 is the elevation angle while @ is the azimuth angle
from the point of the far field observation.

E(6,9) = E,(6,0)0+E,(6,9)p )

H(0,9) = %[Ee(e, )0 - E,(0,0)7] o)

The above mentioned equation can be obtained from the near field data. To transform the near
field to far field data, the E-field from the probe antenna has to be determined. The determined E-field

from the probe antenna is used to define the determinant of the system (A(6, @)), as follow [2]:

E,0.0)= 0P (9 )E " (n-6,0)~1,(0.0)E," (- 6,9)] ®
A0, p)
E (0.9) =052 (0 o), (2 —0.0)~ 1, (0.0)E," (2~ 0,9)] @)
A0, p)
Where,
AO,9)=E," (x-0,9)E, (- 0,9)-E, (- 0,9)E," (7 - 6,9) (5)

From the determinat of the system and from the probe response (I, and 1), the far field of the AUT
can be obtained. The probe response is obtained from complex voltage of AUT.

1, (k. k.) = exp(jk,x) [ [ vy (x, 7, 2) exp(jk,.y + jk. .2)dydz 6)
1,k k.) = exp(jk xo) [ [ vy (o, 3, 2) exp(ik, .y + jk. 2)dyelz Y
where k = 27” k, =ksin@sing, k. =kcos@ and k, = ksindcosp 8)

The equation (6) and (7) can be solved using FFT, while v, (x,, y,z) and v, (x,, y, z) are the near
field complex voltage of the AUT. In order to test the transformation, a measured simulation using
HFSS is used.

4, Simulation Results and Discussion

Simulation results of the transformation method compared to HFSS far field simulation is
depicted in Fig.2a and Fig.2b. The Fig.2a shows the far field radiation pattern at 6 plane, while Fig. 2b
shows the far field radiation pattern at @ plane for both transformation method and direct simulation. It
can be seen that the pattern has similarity. The ripple of the radiation pattern from the transformation
method is still under consideration.

For the simulation of the transformation method, only angles from -70° till 70° is observed;
therefore the simulation results show no back lobes from the AUT. The angle of observation depends
on the scanning plane of the AUT and the distance between AUT and the probe antenna.

Future developments of this work will be implemented in the hardware of the near field

measurement system.
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Conclusion

The simulation of near field measurements show that the far field radiation pattern can be produced
using the near field measurement data generated by HFSS. The results have been compared and agree
with the simulated far field radiation pattern. Therefore this transformation program can be used to
predict the far field radiation pattern.
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Figure 1: a) Probe Antenna
b) Antenna under Test
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Figure 2: a)Comparison of radiation pattern in 8 plane
b)Comparison of radiation pattern in ¢ plane
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