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Antenna Radiation Pattern Measurement 1in a
Nonanechoic Chamber

Saulo M. Frées ““, Pablo Corral, Marcela S. Novo

Abstract—Several techniques are being studied with the objec-
tive of recovering the real antenna radiation patterns through mea-
surements performed in nonanechoic environments. This is being
proven by the use of digital signal processing techniques, based
on several concepts, such as deconvolution, impulse response, and
filtering. In this letter, a new methodology to obtain the actual an-
tenna radiation patterns in noisy environments is proposed. An al-
gorithm was developed that identifies similar points (power/angle)
of the antenna radiation patterns through repeated measurements
in different directions. Then, the most similar points were chosen,
and the radiation pattern of the antenna was reconstructed and
compared with the radiation pattern of the same antenna obtained
in an anechoic chamber. The results demonstrate that the proposed
technique is promising in the reconstruction of radiation pattern
of antennas in noisy environments.

Index Terms—Antenna measurements, nonanechoic measure-

ments site, radiation pattern.

HE determination of antenna radiation patterns can be a
T complex and exhaustive task. To determine the fundamen-
tal parameters of antennas and their radiation characteristics, an
alternative is the use of numerical methods, which in some cases
offer acceptable results. However, measurements of the antenna
radiation pattern are crucial to validate the numerical results and
corroborate the design of new and modern antennas.

It is well known that measurements of antenna radiation pat-
terns are preferably carried out in anechoic chambers. Such
chambers are characterized by their ability to reduce reflections
of electromagnetic waves in an attempt to simulate the free-
space environment. However, the cost of an anechoic chamber
is directly related to its size and the quality of its absorbers,
which makes it impossible for many small companies and re-
search centers to acquire them.

A recent research focus is on the reduction of error in the mea-
surements of the fundamental parameters of antennas performed
in nonanechoic or semianechoic chambers. From research in this
area, some strategies have already been developed to retrieve the
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actual antenna radiation pattern. One of these is based on the fast
Fourier transform (FFT-based method) [1], [2]. The FFT tech-
nique has proved to be quite efficient, but it requires the previous
knowledge of the environment for determining the direct path,
which is not a simple task to perform. To overcome this prob-
lem, another method proposes the use of angular deconvolution
[3], a recent experimental technique that does not need a priori
knowledge of the measurement site. The work in [4] presented a
technique of echo suppressing using multiprobe antennas to col-
lect several measurements and resolve the direct contribution of
the antenna under test (AUT). However, this method only works
if the AUT is in a fixed direction during the tests. The works
in [5] and [6] investigated the spatial mode filtering approach,
based on the expansion of the measured data in a set of spherical
wave functions combined with a modal filtering. Another tech-
nique uses the matrix pencil algorithm for reconstructing the
radiation pattern, as described in [7]-[9]. The advantages of this
technique are the possibility of measurements at narrower fre-
quency steps, lower processing requirements, and lack of prior
knowledge of the measurement environment. There is also a
strategy using the frequency impulse response of the nonane-
choic chamber [10], [11]. This method is limited to antenna
measurements with dimensions similar to those used to obtain
impulse response from the measurement site. The Hilbert trans-
form (HT) is another technique of radiation patterns retrieval
[12], [13]. This method is similar to the FFT-based one, and it
works without phase measurement. However, the HT can only
be used if the direct path power is greater than the sum of the
power of all other paths in order to meet the minimum phase
criterion, which may fail in some cases.

All the above-mentioned papers have introduced techniques
for reconstructing the antenna radiation pattern obtained in
nonanechoic sites. However, they work for specific conditions,
providing an opportunity to seek a more general solution. The
technique proposed in this letter consists of measuring the an-
tenna radiation pattern in different spatial positions and identi-
fying the most significant points of gain or attenuation due to
reflections or external interference. For accomplishing that, an
algorithm was developed to compare the measured data, point to
point, and discard the ones with the greater discrepancy. Then,
the reconstructed radiation pattern is composed by a weighted
average of the most similar points. The experimental results
of antenna radiation patterns in a noisy environment are then
reconstructed with the technique proposed here, and these are
compared with the radiation patterns of the same antennas ob-
tained in an anechoic chamber, showing a very good agreement.
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Fig. 1.

Nonanechoic measurement room.

II. MEASUREMENT SYSTEM

Measurements of the antenna radiation characteristics were
carried out at the Miguel Herndndez University’s Electronic
Technology Laboratory. The room used in the experiments was
not designed for measurements of antenna radiation patterns, as
it does not have any RF signal absorber or isolator. In addition,
inside the room, there are furniture and electronic devices that
can act as reflectors and sources of active noise. Fig. 1 shows
this nonanechoic environment.

The measurement setup consists of a transmitter antenna fixed
to a static base, as shown in Fig. 1, and an AUT attached to a
step motor controlled by an Arduino. A horn-type transmitting
antenna with operating frequencies equal to 2.4 and 5.3 GHz
was used. At the reception, a Yagi—Uda antenna and a horn
antenna were used for comparison purposes. The Yagi—-Uda
and Horn antennas were chosen because they represent two
different classes of antennas (linear and aperture). In addition,
these antennas are frequently used for many applications.

All the antenna radiation patterns presented in this letter are E-
plane patterns, and they represent the directivity of the antennas.
The proposed technique is analogous to H-plane patterns. In our
study, antenna gain and efficiency were not measured because
this would require a more complex measurement system.

III. RESULTS

The antennas were arranged in three different positions in the
nonanechoic room, and three measurements were taken for each
position. Thus, three average radiation patterns were calculated,
reducing the effect of temporary sources of RF noise or even
errors due to mechanical vibrations. Fig. 2 shows the arrange-
ments of the measurement setup. The data were then processed
using signal processing techniques. Basically, two stages of sig-
nal processing were performed: alignment and filtering.

Due to mechanical limitations, it was necessary to align the
curves since the antennas were not perfectly aligned before the
measurements. Thus, the cross-correlation algorithm was used
to find the ideal angle change to align the curves. This procedure
was used for both curves measured in the same position and for
curves measured at different positions.

The filtering technique used was the locally weighted regres-
sion and the dispersion graph smoothing (LOWESS). It was
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Fig. 2. Arrangement of the antennas during the measurements.
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Fig. 3. Radiation pattern diagrams of a Yagi—Uda antenna operating at
2.4 GHz.
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Fig. 4. Radiation pattern diagrams of a horn antenna operating at 5.3 GHz

necessary to filter the signal to eliminate high-frequency noise,
making the curves smoother.

Fig. 3 shows the measured radiation patterns of a Yagi—Uda
antenna operating at 2.4 GHz. Fig. 4 illustrates the measured
radiation patterns of a horn antenna operating at 5.3 GHz. It
should be noted that, in both cases, the results presented are
obtained after the alignment and filtering stages.
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From these results, it can be noted that there are differences
between the radiation patterns of the measured antenna, depend-
ing on the position of the measurement system. This is because
of the existence of reflections and sources of noise in the room,
which can influence the radiation pattern on a larger or smaller
scale.

IV. RETRIEVING THE ANTENNA RADIATION PATTERN

The proposed technique to retrieve the actual radiation pattern
from the measurements made is presented in the following. To
analyze the results, the radiation patterns of the AUTs were mea-
sured in an anechoic chamber. Therefore, the errors calculated
here refer to differences related to the measurement performed
in the anechoic chamber.

The algorithm elaborated for retrieving the actual pattern can
be summarized in the following three steps.

1) For each angle («), compare the three patterns and de-
termine the biggest [B(«)], smallest [S(«)], and medium
[M(c)] values.

2) Determine if M(«) is closer to B(«) or S(«v). Two variables
are used for rating how close it is from B(«) and S(«).

3) If M(«) is closer to B(a), a new point is calculated for
the retrieval curve closer to M(«) and B(«) than S(«).
However, if M(«) is closer to S(«), the new point will be
closer to M(«) and S(«) than B(«). This step is executed
through a weighted average using the rates calculated in
step two.

To calculate the weighted average weights used in step 3
above, it is necessary to initially calculate two variables that
represent, in percentage, how close is M(«) to B(a) (p(«)) and
how close is M(a) to S(a) (g()). p(a) and g(«x) can be deter-
mined by using the following:

_,_B(@)=-M(a)

_,_ M(a) = S(e)
After p and g obtained, the weights were calculated as follows:
wy (o) = P05 3)
wy () = e?(@) =05 4)

It should be noted that the above-mentioned relations were
established through exhaustive empirical tests. The retrieved
radiation pattern diagram is obtained after calculating the re-
trieved point [RP(a)] for « = 0 to o = 179. The RP(«) is given
as follows:

w; (a) « B(a)-;]\/[(a) 1wy (Oé) % M(a);rS(a)

wy (@) +ws ()

RP () =
4)

A. Results for a Yagi-Uda Antenna at 2.4 GHz

Fig. 5 illustrates the retrieved pattern, as well as the patterns
that were measured in the nonanechoic room. All patterns are in
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Fig. 5. Retrieved radiation patterns compared with the measured pattern in an
anechoic chamber. (a) Retrieved. (b) Position 1. (c¢) Position 2. (d) Position 3.
A Yagi—Uda antenna operating at 2.4 GHz.

TABLE 1
ERRORS FOR A YAGI-UDA ANTENNA @ 2.4 GHz

Yagi-Uda - 2.4 GHz
MSE Star}dz}rd Maximum HPBW
Deviation Error

o 76.475°

Position 1 0.0113110 0.068139 0.22566
75.615°

Position 2 0.0147390 0.068035 0.35544
. 99.186°

Position 3 0.0165170 0.075889 0.21596
. 83.025°

Retrieved 0.0086319 0.061867 0.20248
. 75.606°

Anechoic - - -

Anechoic versus nonanechoic measurements.

linear scale and normalized. These patterns were compared with
the ones measured in the anechoic room. Fig. 5 also illustrates a
curve that represents the error (difference between the curves).
Table I shows the mean square error (MSE), the standard
deviation, and the maximum error for each curve compared with
the anechoic chamber measurement. There are improvements
in the three parameters that are analyzed. The improvements
obtained with the recovered pattern reached about 47% for the
MSE, 18% for the standard deviation, and 43 % for the maximum
error. Table I also presents the half-power beamwidth (HPBW)
of the antenna. Although the HPBW obtained from the retrieved
patternis about 10% greater than the anechoic chamber, itis 68%
closer to it than the HPBW of the position 3. In other words,
if the radiation pattern was only measured with the antennas
in the position 3 (worst case), the HPBW would be 68% worse
than the retrieved one. The measurement of positions 1 and 2 has
shown an HPBW closer to that the anechoic one, which is always
possible to happen. The HPBW of the retrieved pattern from the
anechoic one was influenced by the position 3 measurement.
However, it was in a smaller scale than the positions 1 and 2
influences, which corroborates with the algorithm idea.
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Fig. 6. Retrieved radiation patterns compared with the measured pattern in an
anechoic chamber. (a) Retrieved. (b) Position 1. (c¢) Position 2. (d) Position 3.
Horn antenna operating at 5.3 GHz.

TABLE II
ERRORS FOR A HORN ANTENNA @ 5.3 GHz

Horn Antenna — 5.3 GHz
MSE Star'ldzfrd Maximum HPBW
Deviation Error

. 40.119°

Position 1 0.0027078 0.031829 0.11324
32.747°

Position 2 0.0025214 0.033795 0.15112
. 40.888°

Position 3 0.0046935 0.034028 0.11641
. 39.964°

Retrieved 0.0032373 0.025037 0.10794
. 33.104°

Anechoic - - -

Anechoic versus nonanechoic measurements.

B. Results for a Horn Antenna at 5.3 GHz

Analogously, Fig. 6 brings the results, and Table II shows the
errors for the measurements with a horn antenna operating at
5.3 GHz. From Table II, it can be noted that the MSE of the
retrieved pattern was smaller than the position 3 measurements
by about 31%. For the standard deviation and maximum error,
the retrieved pattern presented the smallest values, reaching a
maximum improvement of 26% and 28%, respectively.

The values of the HPBW are shown in the last column of
Table II. The retrieved HPBW value was closer to the anechoic
one when compared with the measurements at positions 1 and 3.
When compared with the measurements at position 3, the worst
case, the retrieved HPBW value was about 11% closer to the
anechoic one.

V. CONCLUSION

An approach was presented in this letter for reconstruction
of the real radiation pattern diagram of an antenna, when mea-
surements are carried out in nonanechoic chambers. The results
showed the efficiency of the technique, which proved to be

capable to reduce the effects of the most accentuated reflec-
tions/attenuations, when they occurred in a specific position.

It is important to highlight that the retrieved pattern is not
guaranteed to be the best one, when compared with all the mea-
surements taken. For example, if a measured pattern is quite
close to the anechoic one, other measurements with worse re-
sults can negatively influence the retrieved radiation pattern. For
this technique to work efficiently, anomalies due to reflections
should not be found in the same region of the antenna pattern
for different measurement positions. Whenever this condition is
achieved, it is possible to identify and correct these anomalies
through the presented algorithm.

The proposed technique reached its main objective since uni-
versities, small companies, and research centers can apply it to
obtain radiation diagrams with a greater chance of error reduc-
tion due to reflections without the need of an anechoic chamber.
Further work can be done through the evaluation of the effective-
ness of the proposed technique with other classes of antennas.
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