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Abstract-In this paper we propose a new sensor array
configuration for improved smart antenna design. The new
configuration involves two parallely-displaced sensor arrays
in the vertical plane. The proposed sensor array configuration
avoids the problem of spatial aliasing encountered in largely
spaced sensor arrays and reduces the effects of inter-element
mutual coupling for closely spaced arrays. Moreover, the
proposed sensor array configuration allows for doubling the
number of array elements and, hence, increasing the system
capacity, without significantly increasing the array aperture.
This allows for a more accurate beam pattern to be generated
especially in a radio environment with a large number of inter-
ference signals. Numerical results are presented to demonstrate
the improved performance of direction-of-arrival estimation
and adaptive beamforming algorithms when the proposed array
configuration is used.

Index Terms-Smart antennas, adaptive array processing,
direction-of-arrival estimation, adaptive beamforming.

I. INTRODUCTION

The main impairments in wireless communication are mul-
tipath fading, co-channel interference, and delay spread. Smart
antenna systems overcome these impairments providing a
wider coverage and a greater capacity. This promising tech-
nology has been incorporated in 3G and 4G wireless systems
allowing for high data rate applications [1], [2].

A smart antenna system at the base station of a cellular
mobile system is depicted in Fig. 1. It consists of a uniform
linear antenna array for which the currents are adjusted by
a set of complex weights using an adaptive beamforming
algorithm. The adaptive beamforming algorithm optimizes
the array output beam pattern such that maximum radiated
power is produced in the directions of desired mobile users
and deep nulls are generated in the directions of undesired
signals representing co-channel interference from mobile users
in adjacent cells [1]-[4]. Prior to adaptive beamforming, the
directions of users and interferes must be obtained using a
direction-of-arrival estimation algorithm [5], [6], shown in Fig.
1.

Most smart antenna systems utilize a uniform linear ar-
ray (ULA) of elements that are spaced apart by half-
wavelength ( = 2). The inter-element spacing in a ULA
is chosen to be 2 in order to reduce mutual coupling
effects which deteriorate the performance of the direction-
of-arrival estimation and adaptive beamforming algorithms as
demonstrated in [2], [6]. If the inter-element spacing is chosen
to be smaller than 2 the mutual coupling effects cannot be
ignored and the beamforming algorithm fails to produce the
actual beam pattern. On the other hand, increasing the inter-
element spacing beyond 2 results in spatial aliasing which
takes the form of unwanted peaks in the output beam pattern.
It is therefore concluded that = 2 represents the optimum
value for the inter-element spacing in a ULA.

Due to practical considerations it is desirable to design
smart antenna systems with smaller size. This can be done
by employing a ULA with smaller aperture. Since the inter-
element spacing in a ULA is maintained to 2 the array
aperture can be reduced by decreasing the number of antennas
in the array. This will, however, limit the array capability of
handling more desired and interfering signals resulting in a
reduction in the system capacity.

It is therefore desirable to design a smart antenna sys-
tem which can handle more signals without increasing the
array aperture significantly. This paper presents a new array
configuration which consists of two parallely-displaced arrays
aligned in the vertical plane. The proposed array configuration
has several advantages. First, it maintains almost the same
radiation aperture as the conventional uniform linear array yet
it can handle more signals from users and interferers. Second,
the horizontal displacement between the two arrays in the
proposed array configuration allows for resolving correlated
signals encountered in multipath propagation environment
without having to apply spatial smoothing techniques [5].
Moreover, the vertical displacement between the arrays allows
for resolving signals arriving at grazing incidence (endfire
direction) in the vertical plane.

The paper is organized as followsSection II develops the
signal model for the proposed array configuration. Sections III
and IV present the theory of the direction-of-arrival estimation
and adaptive beamforming algorithms, respectively. Section V
presents results that demonstrate the improved performance of
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