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Customized Spherical Near-Field Test Time
Reduction for Wireless Base Station Antennas
E’qab Almajali , Daniël J. van Rensburg , and Derek A. McNamara

Abstract—Effective spherical near-field (SNF) test time reduction approaches are presented for wireless base station antennas
that have widely differing beamwidths in the azimuth and elevation
planes. The geometry of these antennas allows for the optimization
of the SNF angular sampling density by allowing a lower sampling density along one of the acquisition axes. This is validated
experimentally and shown to reduce the SNF test time significantly
without degrading the measurement accuracy.
Index Terms—Spherical near-field (SNF) testing, test time
reduction, wireless base station antennas (BSAs).

I. INTRODUCTION
SPHERICAL near-field (SNF) antenna pattern testing [1]
is used throughout the antenna industry. Central to this
technique is the concept that a given antenna under test (AUT)
can be enclosed by a spherical surface centered on the measurement coordinate system. This sphere is the minimum radius
envelope (MRE), and we use this acronym to denote its radius.
The number of spherical modes that must be resolved in a SNF
measurement of the AUT is then usually determined as (for free
space wavelength λ)

A

N = 2π (MRE/λ) + 10

(1)

with the margin of ten additional spherical wave modes having
been selected as described in [1]. The angular sampling density
of near-field (NF) data needed in order to be able to properly
reconstruct the far-zone radiation pattern of the AUT is then
determined by the angular increments [1]
Δθ = Δφ = 2π/(2N + 1).

(2)

As the AUT becomes electrically larger, the number of spatial
samples needed over the measurement sphere increases, and
hence, so does the acquisition time of the NF data over this
measurement sphere. The time taken to perform the NF to farfield (NF-to-FF) transformation [1], and the computation of
AUT performance parameters from this FF data, is negligible
compared to the NF data acquisition time. This is certainly true
with all commercial SNF systems.
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Many multiband wireless base station antennas (BSAs) are
designed to operate over frequency ranges grouped into the socalled low band and high band [2]. The BSAs are usually arrays,
with the array design selected to provide an azimuth beamwidth
that is much wider than the elevation beamwidth, for operational reasons [2]. The wireless industry is such that suppliers
of BSA designs have to adapt their designs to changes over a
period of just a few months. Design cycles are short and timecrucial. Radiation pattern testing of the BSAs at various points
in this design cycle uses up large amounts of this time. If it is
indeed true that “in developing products it is the testing and
not the design that is the more expensive, time-consuming, and
difficult activity” [3], then ways of reducing SNF test time are
welcome. The need for test time reduction for the SNF testing
generally has been recognized by others [4]–[7]. In this letter,
we present an effective SNF test time reduction method for a
class of antennas of which BSAs are typical, namely those with
widely differing beamwidths in azimuth and elevation planes.
Section II gives background for the proposed test time reduction method. Section III defines the approaches whose FF pattern
outcomes are compared in Section IV. This experimental validation establishes the reduced time approach with the NF φ-data
interpolation as a viable way to lower test times by as much
as 70%.
II. SUBSIDIARY MRE CONCEPT
With a BSA mounted in an SNF range as shown in Fig. 1,
the AUT would have a narrow pattern about the vertical θ-axis,
and a much broader pattern about the horizontal φ-axis. The
thought then is that the use of a single MRE, as explained in
Section I, while perfectly valid, might actually be requiring us
to sample more densely around the φ-axis (that is, causing us
to use a smaller Δφ) than is actually necessary. We, therefore,
propose to determine the required Δθ and Δφ separately, as
follows: Construct two cylinders about the AUT as indicated in
Fig. 1. The cylinder of radius MRE is then used to determine
Δθ, using
Nθ = 2π (MRE/λ) + 10

Δθ = 2π/(2Nθ + 1).

(3)

The cylinder of radius MRE (the subsidiary radius) is used
to determine Δφ as
Nφ = 2π (MRE /λ) + 10

Δφ = 2π/(2Nφ + 1).

(4)

There is nothing inherent in the theory underpinning SNF
testing that requires Δθ = Δφ, as long as the sampling density
selected allows for solving of all the introduced spherical modes.
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higher density grid of NF sample points. In other words, we
determine NF data points at all “missing” φ locations needed
to obtain an NF data set such that Δφ = Δθ. This NF data
set is then used for an NF–FF processing and once again has
Nφ = Nθ and Δθ = Δφ. Processing is then done as for Method
A, using a commercial code [9]. This is Method B.
C. Reduced Sampling Approach Without Interpolation
In this approach, a reduced NF data set is obtained in the
manner described above in the first paragraph of Section II.
However, interpolation along φ is not performed, and the SNFto-FF transformation is done directly on the reduced data set
(with Δθ = Δφ). This is Method C.
IV. EXPERIMENTAL VERIFICATION

Fig. 1. Wireless BSA in an SNF antenna test range. The imaginary vertical
cylinder (its axis is the θ-axis) has radius MRE. The imaginary horizontal
cylinder (its axis is the φ-axis) has radius MRE . In actual operation in a network
(as opposed to the pattern measurement being discussed), the BSA is mounted
with the longer side orientated vertically.

The possible use of unequal angular sampling is mentioned in
[8]. Although most existing SNF-to-FF transformation codes
do not require that Δθ = Δφ, this is a common assumption in
routine SNF testing. In this letter, the use of unequal angular
sampling is examined experimentally for the class of antennas
defined in Section I, in order to exploit potential acquisition time
savings.
III. IMPLEMENTATION OF SNF TESTING WITH REDUCED
SAMPLING ABOUT THE φ-AXIS
In order to unambiguously describe the experiments performed using the subsidiary MRE idea, we identify the different
cases.
A. Conventional Sampling Approach
In this case, the MRE is determined, and then Nφ = Nθ and
Δθ = Δφ determined according to (1) and (2), respectively.
The NF–FF processing is done using a commercial code [9] in
the usual manner. This is the conventional approach, or Method
A.

The proposed reduced sampling density approaches described
in Section III are next examined on a specific BSA that operates
over frequency ranges grouped into low band (790–960 MHz)
and high band (1710–2400 MHz). We will summarize the outcome of these experiments by considering the resulting FF patterns at 790 MHz, 1.99 GHz, and 2.4 GHz. In the industry, the
SNF systems will typically perform the sampling of the NF data
once for all frequencies of concern, and the sampling density
is determined using the λ value at the highest frequency of interest; this fact is reflected in the choices to be described in
what follows. We wish to show that test time can be significantly reduced even when sampling density is selected based on
the highest test frequency. Should testing be conducted at each
frequency of interest (i.e., separate acquisitions instead of a single multifrequency acquisition), then lower frequencies would
obviously require lower sampling densities, and this would decrease test time using either of the reduced time approaches
even further.
A. Conventional Method
In the case of the particular BSA in question, the MRE is such
that at 2.4 GHz, expressions (1) and (2) evaluate to Nφ = Nθ =
101, and hence, Δθ = Δφ = 1.8°. This is used in all the results
shown below as being obtained via the conventional approach.
We know that this sampling density leads to results that are
sound at all three frequencies of interest, and all of these FF
results can be used as our reference patterns.
B. Reduced Time Approaches

B. Reduced Sampling Approach With Interpolation
In this approach, the MRE and MRE are determined from
the physical dimensions of the antenna and mounting configuration, and then Nφ = Nθ and Δθ = Δφ are found using (3) and
(4). We will have Nφ < Nθ (and of course Δφ > Δθ), which
implies a reduced NF data set with a potentially reduced acquisition time. This reduced set of sampled complex NF values
can be denoted Eθreduced (θm , φn ) and Eφreduced (θm , φn ), with
m = 1, 2, . . . , Nθ and n = 1, 2, . . . , Nφ .
This NF data set is used to obtain interpolated field values
Eθinterp (θm , φ) and Eφinterp (θm , φ) at any φ-value for each θsample value θm . This interpolation is based on a standard harmonic interpolation [10, p. 881] and is used to “recover” the

In the case of the particular BSA in question, the MRE and
MRE are such that the use of (3) and (4) at each individual
frequency yields the values shown in Table I.
These could be used as is in the reduced time approaches.
However, in our test case, a single multifrequency acquisition
was made, and the Nθ values found from (3) with the value of
λ at 2.4 GHz selected. This is indicated in the second and third
columns of Table II. In our testing, we therefore kept this value
fixed and investigated the reduction of the value of Nφ for each
frequency of interest. The fourth column in Table II contains
the values of Nφ and Δφ that could be used based on (4), but
since the industry norm is to complete a single multifrequency
acquisition, we selected a fixed Δφ spacing of 6.0°, and this is
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TABLE I
SAMPLE NUMBER AND ANGLE INCREMENTS USING (3) AND (4)

TABLE II
ADJUSTED SAMPLE NUMBER AND ANGLE INCREMENTS

Fig. 3. Comparison between 1.99 GHz FF patterns using
Method
A (Δθ = Δφ = 1.8 ◦ ),
Method B (Δθ = 1.8 ◦ , Δφ = 6 ◦ ), and
Method C (Δθ = 1.8 ◦ , Δφ = 6 ◦ ). The calculated E/S patterns for Methods B
and
, respectively.
and C as compared to Method A are shown as

obtain accurate FF results. The ramification of this choice is
outlined below. We next comment on the copolarized FF patterns
obtained using the three approaches of Section III with the Δθ
and Δφ parameters denoted as “actual” in Table II.
A technique for the quantitative comparison of two normalized antenna pattern data sets (say E and S) is the calculation of
an equivalent multipath level [11] at each pattern angle as




E
(θ, φ) = 20log10 10 Δ (θ ,φ)|d B /20 − 1
(5)
S
dB

Fig. 2. Comparison between 0.79 GHz FF patterns using
Method
Method B (Δθ = 1.8 ◦ , Δφ = 6 ◦ ), and
A (Δθ = Δφ = 1.8 ◦ ),
Method C (Δθ = 1.8 ◦ ,Δφ = 6 ◦ ). The calculated E/S function for Methods B
, respectively. (a)
and
and C as compared to Method A are shown as
Elevation plane. (b) Azimuth plane.

shown in Table II, column 5 as “actual” values. The inspection
of Table II shows that at 790 MHz the Δφ actually used (6.0°)
in the results to be shown is significantly smaller (better) than
the value (9.7°) we conjecture could be used at this frequency
for this particular BSA. At 1.99 GHz, the Δφ actually used
(6.0°) coincides with the value we conjecture could be used
as a reduced test time acquisition, and at 2.4 GHz, the Δφ
actually used (6.0°) is slightly larger than the value (5.4°) we
know is required at this frequency for this particular BSA to

where Δ(θ, φ)|dB is the difference between the two radiation
patterns (each expressed in dB) in direction (θ, φ). This allows
one to quantitatively compare the obtained FF results of the reduced approach with interpolation (Methods B) and the reduced
approach without interpolation (Method C) to those obtained
using the conventional approach (Method A). Fig. 2 presents a
comparison between Method B and Method C results, relative
to those found using Method A at 0.79 GHz. The calculated E/S
values for both methods are close, with average values below
−60 and −54 dB in the elevation and azimuth planes, respectively. Note that in this case the 6.0°φ-sampling actually used
for this frequency is very much denser than what the reduced
approaches actually require (see Table II). At 1.99 GHz, Fig. 3
shows that the E/S values for Method B is considerably lower
than that of Method C almost everywhere. The E/S curve for
Method C reaches −38 dB in some regions but with average
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values close to −50 dB in both planes. Thus, the differences
observed are small, but certainly not negligible. The reason for
this improvement is not evident, but indicates an improvement
due to the interpolation in Method B. Fortunately, using Method
B does not increase the test time compared to that of Method C
since the interpolation is a rapid numerical computation. The results obtained at 2.4 GHz using Method C have a poor agreement
with Method A results, and so are not shown. This is expected
since the NF sampling density does not comply with the angular
spacing required by (4). However, the results in Fig. 4 for Methods A and B (at 2.4 GHz) exhibit an excellent agreement. The
average E/S value is roughly −60 dB for both Fig. 4(a) and (b).
This improved performance of Method B over Method C was
unexpected since no new information was introduced during
the measurement process and the NF data density was simply
increased through interpolation.
To investigate the applicability limit of Method B, we examined results for Δφ values larger than 6° at 2.4 GHz. We
specifically used Method B to obtain patterns for Δφ = 7.2◦
and 9°. The results for both cases are shown in Fig. 5, and it is
evident that these are in a good agreement with those of Method
A for Δφ = 7.2◦ , with average E/S values of −56 and −50 dB
in the elevation and azimuth planes, respectively. However, for
Δφ = 9◦ , Method B results unmistakably differ from those of
Method A, with E/S levels as high as −30 dB in some regions.
Fig. 4. Comparison between 2.4 GHz FF patterns using
Method A
(Δθ = Δφ = 1.8 ◦ ) and
Method B (Δθ = 1.8 ◦ , Δφ = 6 ◦ ). The calculated E/S pattern is shown as
. (a) Elevation plane. (b) Azimuth plane.

V. CONCLUSION

Fig. 5. Comparison between 2.4 GHz FF patterns using
Method A
(Δθ = Δφ = 1.8 ◦ ),
Method B (Δθ = 1.8 ◦ , Δφ = 7.2 ◦ ), and
◦
◦
Method B (Δθ = 1.8 ,Δφ = 9 ). The calculated E/S for Δφ = 7.2 ◦ and
Δφ = 9 ◦ patterns compared to Δφ = 1.8 ◦ are shown as
and
, respectively. (a) Elevation plane. (b) Azimuth plane.

We presented the SNF test results demonstrating how acquired data sets can be reduced for antennas that have dissimilar
principal plane beamwidths. Although the methodology and
tools for this type of test reduction have been in existence for
many years, this test approach is not often used. Yet, antennas
used for BSA applications in the wireless industry are ideal candidates for this type of testing and are the test example presented.
We show the validity of FF results and the associated test time
reduction that is possible. There are many ways to measure the
amount of time reduction in antenna test methods. In the specific situation under discussion, the quantity (Nθ − Nφ )/Nθ is
a metric that is based on the simple reduction of data volume.
It is important to note that in some types of acquisition systems
this metric may not be achievable due to acquisition speed being
limited by positioner velocity. In the case considered here, the
φ-axis was selected as step axis, while the θ-axis was selected as
scanning axis (since it allowed for continuous rotation). In such
a case, the actual acquisition time reduction coincided with the
data reduction metric used here, and as a result SNF scan time
reduction of as much as 70% was achieved. An important aspect
that emerged from our results is the apparent benefit of interpolation of the NF test data as described to reliably recover FF
results when using this test methodology. In the case considered
here, this interpolation even allowed us to recover from a slight
undersampling of the BSA at the highest frequency. This type of
interpolation has been implemented in commercial software [9]
and does not extend test times at all. Finally, it should be noted
that not only the specific AUT properties as outlined here are
a prerequisite for this test time reduction, but also the specific
mounting of the AUT on the SNF positioner.
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