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Abstract— A new and effective method for reduction of
truncation errors in partial spherical near-field (SNF)
measurements is proposed. The method is useful when
measuring electrically large antennas, where the measurement
time with the classical SNF technique is prohibitively long and an
acquisition over the whole spherical surface is not practical
Therefore, to reduce the data acquisition time, partial sphere
measurement is usually made, taking samples over a portion of
the spherical surface in the direction of the main beam. But in
this case, the radiation pattern is not known outside the
measured angular sector as well as a truncation error is present
in the calculated far-field pattern within this sector. The method
is based on the Gerchberg-Papoulis algorithm wused to
extrapolate functions and it is able to extend the valid region of
the calculated far-field pattern up to the whole forward
hemisphere. To verify the effectiveness of the method, several
examples are presented using both simulated and measured
truncated near-field data.

I. INTRODUCTION

Truncation errors are always present in planar near-field
(PNF) and cylindrical near-field (CNF) measurements, but not
in SNF measurements, so the presence of this error depends
only on the kind of acquisition surface. If the antenna under
test (AUT) is fully enclosed by the acquisition surface, there
are not truncation errors. In PNF and CNF measurements, due
to the finite size of the scan arca, the last condition is never
fulfilled, and therefore, the far-field pattern is never known in
the whole forward hemisphere. Normally, since the truncation
error is an unavoidable error in PNF and CNF measurements
and it is not present in SNF measurements, most of the
approaches to reduce this kind of error have been specifically
proposed for the two first configurations. An improvement of
the far-field within the so-called reliable region or valid region
(spectral region where the calculated far-field pattern is
considered valid because the error introduced by the
truncation is low) can be obtained by applying to the necar-
field data a proper window [1]-[2]. In [3]-[4], a method based
on the determination of the equivalent currents on the AUT
aperture by solving a system of integral equations is proposed.
After that, the far-field is obtained in the whole space.
Another approach [5] uses a singular value decomposition to

extrapolate the near-field data outside the scan area. A recent
publication [6] uses a priori information about the AUT in an
iterative algorithm to extrapolate the far-field outside the
reliable region. The theoretical basis of this iterative algorithm
was presented in [7]-[8] by Gerchberg and Papoulis,
respectively.

As it is well-known, the most accurate antenna patterns are
obtained using the spherical near-field (SNF) technique not
only because the measurement is performed in a controlled
environment, but also because the antenna under test (AUT) is
fully enclosed by the acquisition surface [9]. Therefore,
truncation errors do not appear in this kind of measurement
and the far-field pattern can be found in all directions.
However, there are special cases, for example, when
measuring clectrically large antennas, where the measurement
time with the SNF technique is prohibitively long and an
acquisition over the whole spherical surface is not practical.
Therefore, to reduce the data acquisition time, partial sphere
measurement is usually made, taking samples over a portion
of the spherical surface in the direction of the main beam. But
in this case, the AUT radiation pattern is not known outside
the measured angular sector as well as a truncation error is
present in the calculated far-field pattern within this sector.

Although truncation error is only a typical error in PNF and
CNF measurements, and therefore, most of the bibliography is
focused on these kinds of configurations, there are also some
studies to reduce the truncation error when measuring on a
portion of a spherical surface. In [10], the truncated spherical
near-field data are used to calculate an equivalent currents
distribution of a set of dipoles that reproduce the radiation of
the AUT. As in [3]-[4], once that distribution is known, the
far-field can be easily computed in the whole sphere. In [11]-
[12] an approach based on the Gerchberg-Papoulis iterative
algorithm to extrapolate the far-field outside the reliable
region is proposed. The main differences compared to the
approach given in [6] are the domains where the successive
projections are performed. In [11]-[12], the SNF acquisition
and the spherical wave coefficients are used instead of
employing the field distribution over the AUT and the plane
wave spectrum (PWS) as in [6].

In the present work, a new method to extend the valid
region of the calculated far-field up to the whole forward
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Fig. 1. Geometrical optics emploved to defline the theoretical reliable
region. (a) Direction included in the reliable region. (b) Direction not
included in the reliable region.

hemisphere from a truncated SNF measurement is presented.
This method uses an approach similar to that presented in [6].
However, since the initial data are not taken over the same
surface, some differences have to be pointed out. First, the
region where the calculated far-field pattern can be considered
reliable will be different. Second, the iterative algorithm uses
the PWS information over a regular kx-ky grid, which in the
considered is obtained in a different way.

The paper is organized as follows, Section II defines the
spectral region where the calculated far-field pattern can be
considered theoretically reliable when measuring over a
truncated sphere. The method to reduce truncation errors is
described in section III. Section I'V presents the simulated
model which is used in Section V to analyze some critical
aspects of the method. Section VI validates the method by
using both simulated and measured near-field data.
Conclusions arec drawn in Section VII.

II. THEORETICAL RELIABLE REGION

One important requirement in the proposed iterative
method is the determination of a spectral region where the
error in the calculated far-field pattern is zero, because the
method only converges to the correct solution [8] when
starting from data without errors. However, the whole
calculated far-field pattern is always affected by errors and it
is not possible to define a region where the error is completely
zero, Therefore, we will use the concept of reliable region to
reler 1o the spectral region where the error in the calculated
far-ficld pattern is not negligible, but very low. A classical
definition of an appropriate region is given in [9], [13], where
geometrical optics is employed (o calculate the maximum
validity angles which arc used to define a theoretical reliable
region. With this definition, one particular direction will be
within that reliable region when the scan surface includes all
rays parallel to that direction coming from any part of the
AUT (sce Fig. 1 (a)). The opposite situation is shown in Fig. 1
(b), where there are rays that do not lie on the scan surface.

The theoretical reliable region for the PNF case is always
the intersection of two orthogonal ellipses as was deduced in
[6]. In the SNF case, it is possible to sample over different
parts of the sphere, therefore, there will be different kinds
of theoretical reliable regions, not as in the previous case

> - R_.?
R A \\_

Fig. 2. Spherical near-field measurement setup with polar truncation.

where the shape of the reliable region was fixed. The
choice of the sampling region will depend on the expected
radiation pattern because the proposed method works
better when most of the radiated energy is within that
region. Therefore, the sampling region has to be the region
where the main lobe is located. In this work, only the polar
truncation is considered. This kind of truncation is carried
out in elevation (measuring from 0=0° up to a fixed value
of 0) and it is the best choice when the AUT is steering at
boresight. The analysis for any other kind of spherical
truncation can be performed in a similar way.

According to geometrical optics (see Fig. 2), the maximum
validity angle in elevation is given by

6,=6,-0,=0, arcsin[f;j (1)

where 0, is maximum validity angle in elevation, 0,
represents the truncation angle, R, is the radius of the
minimum sphere and [ stands for the measurement
distance.

Unlike the PNF case, now the maximum validity angle in
clevation does not change for diffcrent azimuthal directions,
and therefore, the theoretical reliable region is a circle within
the circle that represents the whole visible region. This
spectral region is mathematically represented by (2).

ki +k} <(ksin 6,) (2)

where k., and k, arc the¢ wavenumbers in the x and y
directions, respectively.

III. DESCRIPTION OF THE METHOD

As commented before, when we perform a near-field
measurement over an acquisition surface that does not
fully enclose the AUT, a truncation error appears in the
calculated far-field pattern. As a consequence, there is an
angular region where that pattern is unknown. In some
cases, this truncation is unavoidable (PNF and CNF
measurements) and in other cases, (partial SNF
measurements) it is deliberately introduced in order to
reduce the measurement time. In this section, we present a
method that can be applied in all cases to extrapolate the
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Fig. 3. Schematic diagram of the method to reduce truncation errors.

far-ficld patiern up to the whole forward hemisphere. This
method is based on the iterative algorithm proposed in |7]-
|8] and it has been already applied to the PNF casec in |6].
However, taking into account some considerations, the
method can be employed to reduce truncation errors in all
kind of measurement configurations and particularly in
partial SNF measurements. A generic schematic diagram
of the method is shown in Fig. 3 and the steps are
described in the following.

Step 1: The plane wave spectrum (PWS) is calculated
from the near-field acquisition on a regular kx-
ky grid. In the PNF case, the far-field is directly
obtained in this kind of grid by calculating the
Fourier Transform of the samples. In the SNF
case, some modifications are needed because
classical programs that perform a SNF-to-far-
field transformation produce the final results on
a regular 0-¢ grid. The possibilities are:

a) The spherical wave coefficients are calculated and
the far-ficld pattern functions [9] are evaluated in the
desired angular directions defined by the regular
kx-ky grid. Finally, the far-ficld is obtained in those
dircclions
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b) The spherical wave cocfficients are calculated and a
SWE-10-PWE transformation [14] is applied.
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¢) The far-field pattern is determined on a regular 6-¢
grid by applying a SNF-to-far-field transformation.
Then, the far-field is obtained on a regular kx-ky grid
by interpolating the previous information.

Step 2: The unreliable portion of the PWS is filtered out
by using the spectral window defined in (2).
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Step 3: A field distribution over the AUT plane is
obtained by taking the Fourier Transform of the
filtered PWS.

Step 4; The previous field distribution is spatially
filtered taking into account that the field outside
the AUT aperture is theoretically zero.

Step 5. The filtered field distribution is Fourier
transformed back to the spectral domain.

Step 6: A new PWS is calculated by substituting the
unreliable portion of the initial PWS for same
portion of the PWS obtained in the previous siep.

Step 7: If the new PWS fulfills the termination condition,
the algorithm stops. If not, a new iteration starting
from the step 4 is carricd out.

IV, SIMULATED MODEL

In the following sections, several results will be presented
in order to analyze and validate the proposed method. The
input data used to obtain those results are simulated SNF data.
The AUT employed in the simulation is a square aperture with
a gaussian-tapered field distribution as (5) shows.
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The aperture size was 84x8), the measurement distance
was 30X and the samples were taken each degree both in 0 and
¢. Two simulations were carried out. In the first one, we used
the whole sphere as scan surface in order to obtain the
reference pattern. In the second simulation, a truncation angle
in elevation equal to 20° was employed.

V. CRITICAL ASPECTS OF THE METHOD

All steps of the proposed method were indicated in
Section 111, however, some remarks are required. First, we
need to concrete the kind of spectral filtering which is
applied. Second, the termination condition has to be
described.

As deduced from [8], when starting from exact data, the
method converges to the correct solution. Otherwise, the error
decreases with the iteration number, but after several
iterations it starts increasing. In Section I, the definition for
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Fig. 4. Error as a function of the iteration number using different reliable
regions.
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Fig. 5. Gradient Descent algorithm employed to search the minimum.

the theoretical reliable region was presented. However, the
error within that region may be relatively high. Therefore, we
will not reach a very low error in the reconstructed pattern, as
shown by the red line in Fig. 4. Logically, the convergence of
the iterative method will be better if we use an initial spectral
region where the error is lower. Intuitively, one easy way to
achieve this is to employ a spectral region smaller than the
theoretical reliable region. The angle that defines this new
region can be expressed as a function of the maximum validity
angle obtained in (1).

0,=06,-4A= (6, = arcsin(R(’D-A
D

As observed in Fig. 4, when the chosen region is smaller
(A<1), the minimum error achieved with the method is lower.
However, when that region is smaller than a certain size, the

(6)

behavior is just the opposite, i.e., the minimum error increases.

In general, a value of A between 0.4 and 0.8 will give us a low
error in the final radiation pattern.

The error in the reconstructed far-field pattern will not
decrease monotonically with the iteration number, but as
observed in Fig. 4, there is a minimum that can be used as
termination point. An algorithm to find that minimum was
proposed in [6] and it is based on the following principle:
if we use different initial truncated surfaces, the initial
error within the reliable region will be also different and
the error in the iterative procedure will vary in a different
way. Therefore, when comparing the iterative results
obtained in each case, we will have a minimum when both
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Fig. 6. Comparison between the ©-component of the reference, truncated
and reconstructed far-field pattern (simulated model).
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Fig. 7. Comparison between the reference, truncated and reconstructed co-
polar far-field pattern for the ¢ = 0° cut (simulated model).

results have the minimum error. The main drawback of
this proposal is that a lot of iterations and comparisons are
required. To solve this problem, we propose here to use an
optimization algorithm to find the minimum, e.g., the
Gradient Descent algorithm, With this algorithm, we move
always in one direction where the function decreases stopping
when we reach the minimum, as shown Fig, 5.

VI. NUMERICAL RESULTS

After studying different critical parts of the proposed
method, we present some results in order to validate it.

In the first example, the simulation results described in
Section 1V were employed. Since the antenna is steering at
boresight, the most appropriate way to reduce the
measurement time was a polar truncation, measuring from
6=0° to 6=20°. The iterative method was applied using a value
of A equal to 0.8 and the second subset employed in the
algorithm to find the termination point was obtained from the
simulated data by removing the information located from
0=17° to 6=20°. Fig. 6 shows the ©-component (in amplitude
and phase) of the reference, truncated and reconstructed far-
field pattern in the first, second and third row, respectively.
The cut ¢ = 0° of the far-field pattern is depicted in Fig. 7,
where it is possible to appreciate better the very good
agreement between the reference and the reconstructed pattern.

In the second validation, data from an actual measurement
were used. The measurement was performed in the spherical-
range measurement system in the anechoic chamber at the



Fig 8. Measurement of an X-Band array antenna in spherical near-field.
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Fig. 9. Comparison between the ¢-component of the reference, truncated
and reconstructed far-field pattern (X-Band array antenna).
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Fig. 10. Comparison between the reference, truncated and reconstructed co-
polar far-field pattern for the ¢ = 0° cut (X-Band array antenna).
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Technical University of Madrid (UPM). The AUT is formed
by a square array of 256 printed elements covering a large
bandwidth at X-Band and its dimensions are 40x40 cm. The
array is divided into 16 square subarrays of 4x4 elements (see
Fig. 8). Data in the whole sphere were taken, but only
information from 6=0° to 6=20° was used as input data to the
method. After applying the iterative procedure, we obtain the
results shown in Fig. 9 and Fig. 10.

VIL

A method to reduce truncation errors in partial SNF
measurements has been proposed. The method is based on an
iterative algorithm to extrapolate functions. Moreover, the
effect of the size of the spectral region taken as reliable region
in the method has been investigated. After defining the most
appropriate size for this region, an algorithm to find the
optimum termination point has been presented. The method
has been validated by using both simulated and measured
near-field data, showing that it is possible to reduce very
effectively the truncation errors. It was noted that the

CONCLUSIONS

proposed method works very well for the planar aperture
antennas, like large antenna arrays, because the antenna
aperture, were the fields are theoretically concentrated, is well
defined.
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