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Abstract—The paper provides proof of the odd symmetry of the vector of weight coefficients obtained
on the basis of the least squares criterion in the linear antenna array with linear constraints and desired
signal. Pairs of symmetrical elements of such vector are complex-conjugate to one another. For ensuring
this property, the vector of constrained parameters (array pattern values in the directions of interest) must
be real-valued, but need not be symmetrical. The odd symmetry of the antenna array vectors of input
signals and weights makes it possible for such array to develop adaptive algorithms based on real-valued
arithmetic. In this case, such algorithms have the number of arithmetic operations per iteration two or four
times less as compared to the equivalent number of real-valued arithmetic operations of similar
algorithms in the complex-valued arithmetic. The paper presents the results of comparative simulation of
algorithms in the complex-valued and real-valued arithmetic. These results indicate that an adaptive
algorithm using the real-valued arithmetic ensures (1.5-2)-fold shorter transient and deeper (by 2—3 dB)
valleys in the steady state of the array pattern in the directions of sources of adaptively suppressed
interferences as compared to the algorithm using the complex-valued arithmetic.
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INTRODUCTION

Adaptive signal processing is one of the key technologies used in equipment of modern systems of
communications, radiolocation and radio navigation, and also household appliances. One of the elements of
such equipment is a directional antenna, the implementation of which in the form of antenna array makes it
possible without employing mechanical means to shift the main lobe of radiation pattern (RP), increase the
signal-to-thermal noise ratio in the array output signal, and also to reduce the interference level from external
sources in this signal at the expense of RP shape variation.

Antenna arrays possessing the last property are called adaptive (AAA) [1]. The suppression of
interferences in such antennas is provided at the expense of valleys formed in RP in the interference source
directions unknown at the receiving side. The variation of RP shape is achieved at the expense of changing
the values of weight coefficients that are used for signal weighting in each of AAA channels before the
summation for forming its output signal.

The weight coefficients are calculated using different adaptive algorithms [2—5] by processing the AAA
input and output signals and using additional information regarding the source of useful signal. In radio
communication systems, where the direction of received signal source is usually known, such information
represents the direction employed in linearly constrained (LC) adaptive algorithms [6-9].

The algorithms of signal processing in AAA make use of the complex-valued arithmetic, because the
amplitudes and phases define the signals received by antenna arrays. If AAA is symmetric, i.e. its phase
center coincides with the geometric one, the number of arithmetic operations in specific adaptive algorithms
can be reduced by half at the expense of real-valued arithmetic used for most calculations in these
algorithms. Such array is called odd-symmetric, hereafter referred to as symmetric, because the pairs of its
weight coefficients for signals received by antennas symmetrically arranged in aperture are
complex-conjugate.

Estimates of the correlation matrix and the cross-correlation vector of signals in symmetric AAA using
the real-valued arithmetic and based on the direct-reverse averaging also ensure a shorter transient and on
average larger (by several decibels) interference suppression in steady state mode than in AAA using the
complex-valued arithmetic. Papers [10—12] form the mathematical basis for signal processing in AAA with
odd symmetry, while their results are used in a number of papers [13-23].
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