Fast MBF Based Method for Large Random
Array Characterization
David González-Ovejero1, Eloy de Lera Acedo*2, Nima Razavi-Ghods2, and
Christophe Craeye1
1

Laboratoire de Télécommunication et Télédétection,
Université catholique de Louvain, 1348 Louvain-la-Neuve, Belgium
E-mail: {david.gonzalez, christophe.craeye}@uclouvain.be
2
Cavendish Laboratory, University of Cambridge, Cambridge, CB3 0HE, UK
E-mail: {eloy, nima}@mrao.cam.ac.uk

-----------------------------------------------------------------------------*This effort/activity is supported by the European Community Framework
Programme 6, Square Kilometre Array Design Studies (SKADS), contract no011938.
------------------------------------------------------------------------------

Copyright © 2009 IEEE. Reprinted from ISBN: 978-1-4244-3647-7, David
González-Ovejero, Eloy de Lera Acedo, Nima Razavi-Ghods, and Christophe
Craeye, “Fast MBF Based Method for Large Random Array Characterization”,
IEEE APS Symposium, 1-5 June 2009, Charleston, South Carolina.
This material is posted here with permission of the IEEE. Such permission of
the IEEE does not in any way imply IEEE endorsement of any of SKADS'
products or services.
Internal or personal use of this material is
permitted.
However, permission to reprint/republish this material for
advertising or promotional purposes or for creating new collective works for
resale or redistribution must be obtained from the IEEE by writing to
pubs-permissions@ieee.org.
By choosing to view this document, you
copyright laws protecting it.

agree to all provisions of the

Sincerely,
Jacqueline Hansson
-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
IEEE Intellectual Property Rights Office
445 Hoes Lane
Piscataway, NJ 08855-1331 USA
+1 732 562 3966 (phone)
+1 732 562 1746 (fax)
IEEE-- Fostering technological innovation
and excellence for the benefit of humanity.
-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=

Fast MBF Based Method for Large Random Array Characterization
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Introduction
The new generation of radio telescopes such as the Square Kilometer Array (SKA) [1]
relies heavily on the use of very large phased arrays. The current frequency range of the
SKA is 0.07-25 GHz and this will be made possible using multiple collector technologies,
consisting mainly of dishes at high frequencies (>1GHz) and aperture arrays for the key
science of detecting red-shifted hydrogen emission at around 1 GHz and below [1]. In the
sub 1 GHz frequency regime, the telescope can provide a million square meters of collecting
area, which is two orders of magnitude more sensitivity than current instruments. The lower
portion of this band is called AAlo. Operating from 70 to 450 MHz, it will comprise up to
hundreds of stations of at least 10000 elements each. Furthermore, the SKA community is
considering the use of random sparse configurations instead of the classical regular arrays
[2]. The cost in the design process is evident, as now periodic infinite array approaches,
available in many commercial simulation packages, are no longer applicable.
The method proposed by the authors to reduce the computational cost devoted to solve the
full EM problem in such arrays is based in the Macro Basis Function technique [3, 4] and
the interpolation method proposed in [5]. On the other hand, it is shown how the embedded
element pattern convergence within a radius of influence allows us to account only for a
few tens of significative elements when computing the aforementioned pattern for each
antenna. This approximation provides a further computational cost reduction and is a first
step towards a very fast full-wave simulation tool for very large random arrays.

Method of Moments simulation of the Embedded Element Patterns
The proposed Method of Moments (MoM) simulation for this problem relies on the use
of Macro Basis Functions (MBFs) [3, 6, 7], also called Characteristic Basis Functions [4,
8], and the interpolation technique presented in [5]. The Macro Basis Functions method
consists of reducing the size of the MoM impedance matrix by replacing the original set
of elementary basis functions with a new set of functions obtained through the solution of
smaller problems. Once the MoM matrix size is reduced by means of the MBF technique,
the complexity O((N A)3 ) for solving the system of equations is reduced to O((Q A)3 ),
where A is the number of antennas in the array and N and Q (Q ≪ N ) are the number of
elementary and Macro Basis Functions, respectively. Nevertheless, the impedance matrix
filling time remains O((N A)2 ), and rapidly becomes the dominant operation in the total
solution time. To overcome this limitation, the computation of interactions between macro
basis functions is carried out by interpolating exact data obtained on a simple grid; thereby
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Figure 1: Embedded element pattern obtained with the MBF approach and error for the
interpolation technique w.r.t MBF solution.
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Figure 2: Array configuration.
non regular arrays may be easily analyzed as well as optimized. The complexity will be
now O(P N 2 + A2 S), where P (typically around some tens or very few hundreds) is the
number of elements in the grid and S is a very small factor related to the interpolation time.
It is interesting to notice that this factor no longer depends on the complexity of the antenna.
Therefore a speed up of the order of A can be obtained for sparse arrays.
The performance of the interpolation method is shown in Fig. 1, where the embedded element pattern is computed for one antenna in a random array covering 47 elements. The
reduced impedance matrix filling time was 77 minutes when only using MBF and 20 seconds for the interpolation technique (without accounting for the grid generation time) in a
standard laptop.
The initial target is to obtain the pattern for an example comprising 1000 bowtie elements,
like the one shown in Fig. 2b, randomly placed in a circular area of radius 30λ (Fig. 2a),
which at this point would represent a reduced version of the aforementioned SKA AAlo.
For the present analysis the average minimum distance between elements is 1.5λ and the
elements size is λ × λ. Each port has been loaded with a 200 Ω series impedance.
In the exact case, the embedded patterns should model, for each antenna in the array, the
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Figure 3: Embedded element patterns and errors for different radius of influence.
field radiated by the element of interest excited while the rest of elements in the array
are passively terminated. This computation should involve all the elements in the array,
though it is not possible within our memory limits (we can simulate up to ≈ 300 elements
with a conventional laptop). Nevertheless, a so-called “radius of influence”, can be defined
for every antenna in the array. The embedded pattern is then computed accounting only
for the antennas contained in the circle defined by this radius. Assuming that the latter
approximation is good enough, the complexity in the calculation of the interactions and
the solution of the MoM system of equations by Gaussian elimination can be dramatically
reduced.
In order to prove the convergence of the method, Fig. 3a and Fig. 3b show the normalized
embedded element pattern in dB for one of the antennas in the array. Both E-plane and
H-plane cuts converge reasonably well for a radius of influence larger than 5λ. Fig. 3c and
Fig. 3d represent the differential error between the patterns computed for different radii of
influence with respect to the pattern calculated for the largest radius considered (7λ). Again
for both planes similarly, the differential error decreases rapidly and seems to converge
after 5λ. Once we have the embedded element pattern for each antenna, in order to obtain
the total pattern for the proposed array, all the embedded element patterns are combined
through the excitation law of interest.

Normalized Radiation Pattern
0

Normalized Radiation Pattern
0

Isolated element
Rad. of converg. = 7 λ

−10

−20

dB

dB

−20
−30

−30

−40

−40

−50

−50

−60

Isolated elements
Rad. of converg. = 7 λ

−10

−30

−20

−10

0

Theta [Deg]

10

20

30

−60

(a) E plane (φ = 90o )

−30

−20

−10

0

Theta [Deg]

10

20

30

(b) H plane (φ = 0o )

Figure 4: Array Patterns assuming isolated element patterns and including mutual coupling
up to a 7λ radius.

Numerical results and conclusion
The array pattern obtained for the example proposed in the previous section is shown in
Fig. 4. The result for a 7λ radius of convergence is compared with the pattern obtained
considering only the isolated element pattern, which can also be seen as the embedded
element pattern for a radius of influence set to 0. A difference of 0.45 dB is observed at
broadside direction between both approaches. It is striking that this difference is much
more than what one would expect assuming that the effects of mutual coupling behave like
a centered random variable. This bias, as well as more elaborate techniques for the fast
array solution will be the focus of further research.
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