
32nd URSI GASS, Montreal, 19–26 August 2017

Feeding Technique for Endfire Array Antennas using Convex Optimization

Daniel Sjöberg(1), Jakob Helander(1), and Doruk Tayli(1)

(1) Electrical and Information Technology, Lund University, P.O. Box 118, 221 00 Lund, Sweden,
http://www.eit.lth.se

1 Introduction

There are several concerns when considering a large finite endfire antenna array from a computational perspective.
To achieve a main lobe in the direction across the array, the port excitations need to be properly defined. Moreover,
port matching across the array arises as an issue when the radiated mode induces strong coupling between the
antenna elements. An appropriate measure for a multiport system is the Total Active Reflection Coefficient (TARC)
[1]:

√
(∑n |bn|2)/(∑n |an|2). Here, bn and an represent the backward- and forward-propagating wave in port n

respectively, linked by the scattering matrix S as bm = ∑
N
n=1 Smnan. In this contribution, we target very large arrays,

typically having in the order of 200×10 elements, meaning the scattering matrix is in the order of 2000×2000 at
each fixed frequency.

2 Approach
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Figure 1. TARC and radiation
pattern.

Instead of utilizing the Hansen-Woodyard condition [2], the classic endfire
feeding approach, we formulate the feeding problem as a convex optimization
problem, using the input waves {an}N

n=1 as degrees of freedom:

minimize ∑
N
n=1 |bn|2

subject to F(0,0) = 1, max
(θ ,φ)∈Ω0

|F(θ ,φ)| ≤ F0.
(1)

Here, F(θ ,φ) is the far field amplitude in elevation angle θ and azimuth angle
φ , F0 is a specified side lobe level, and Ω0 is the main lobe solid angle. Simple
dipole elements are studied here, but by using a hybrid Method of Moments
code developed for the purpose of treating very large antenna arrays [3], the
routine can easily be employed to more complex antenna geometries, using
the embedded antenna patterns for each element in the optimization. With the
optimization scheme run independently at each frequency, large fluctuations
in the input waves phases and amplitudes would occur over frequency. This is
eliminated by executing only one optimization run at frequency f0, and intro-
ducing a smooth frequency-dependence as a linear phase shift with respect to
f0: an( f ) = an( f0)e−j(k−k0)nxdx . The TARC for dependent- and independent
frequencies and the Hansen-Woodyard excitation, and a corresponding radia-
tion pattern, are shown in Figure 1. The solution corresponding to dependent
frequencies is preferable despite a reduced bandwidth, due to the more easily
realized currents and a non-significant change in the radiation pattern across the frequency band.
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