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PREFACE

The work carried out by the Advanced Technology and Systems Analysis
Section of the Radar Systems Office at Motorola's Government Electronics
Division under contract to RADC/OCTS is presented in a total of six separate
technical memoranda written at various stages of the effort.

Although to a large extent these memoranda are self-sufficient, the
interested reader may be advised to go through Project Memorandum 8512-06,
an overview of the whole effort, before proceeding with the remaining in
numerical sequence. As such, if presented in a single volume, the memoranda
will be arranged as listed below: '

I. BCR Adaptive Processing - An Overview -
Project Memorandum 8512-06
March 31, 1981

II. Definition of Mathematical Model
Project Memorandum 8512-01
March 29, 1980

III. Signal Generation Program
Project Memorandum 8512-02
July 20, 1980

Iv. Batch Adaptive Processing and the BCR Process
Project Memorandum 8512-03
December 15, 1980

V. Computer Simulation of BCR Adaptive Process
Project Memorandum 8512-0u4
March 15, 1981

VI. BCR Adaptive Processing Implementation and Its
Performance Evaluation Via Computer Emulation
Project Memorandum 8512-05
March 26, 1981
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1.0 INTRODUCTION

In the midst of a strong interference environment, radar and
communications equipment could degrade in performance to the point where
their intended operation may be rendered practically ineffective. To
insure operational survival, future systems must incorporate appropriate
interference suppression measures. Adaptive array processing provides a
means for suppressing directionally distinct interferences by creating
nulls in these directions through a weight adjustment of at least as many
antenna elements of a receiving antenna array.

Although cost-effective analog implementation of gradient-type control
have been realized, the attention has turned increasingly towards more
sophisticated techniques capable of more rapid convergence rates. The
increased sophistication of such techniques dictates the need for processing
flexibility which may be met most easily by a digital mechanization.

The effort conducted addresses the essential aspects of Batch Covariance
Relaxation (BCR) adaptive processing applied to a digital adaptive array
processing. In contrast to dynamic algorithms, a batch appreoach, such as
BCR, circumvents the effects of signal dynamics on nulling performance by
operating on a single signal batch at one time, thereby diminishing the
requirement for fast-convergence.

BCR adaptive processing constitutes an architecturally more efficient
alternative to Sample Matrix Inversion. Based on the conjugate gradients
algorithm, BCR solves a linear system of equations by means of a finite-step
relaxation procedure without the requirement that the inverse of the matrix
involved exist. More importantly, its iterative nature lends itself to an
architecturally efficient implementation which is particularly suyitable to
large-scale applications.

The main purpose of the present memorandum is to provide a brief
overview of the work accomplished under RADC Contract F30602-80-C-0031.
Presented first is a statement of the problem which provided the vehicle
for investigating the performance of BCR adaptive processing. Following
this, the specific objective, approach and accomplishments are reviewed
with reference to the five project memoranda generated at various stages
of the effort. Finally, recommendations are given for relatec future work.
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2.0 STATEMENT OF THE PROBLEM

The problem chosen to evaluate BCR adaptive processing relates to the
adaptive weight adjustment of a sidelobe nulling subsystem. More specifically,
this subsystem involves a main Taylor-weighted large aperture antenna array
of 255 omnidirectional elements. Its field pattern is shown in Figure 2-1.

In order to suppress undesired sidelobe interference,
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Figure 2-1. TField Pattern of Main Antenna Array

it is assumed that the main antenna may b: combined with a number of weight-
adjustable omnidirectional auxiliaries located sparsely over the available
aperture. It is the purpose of the BCR processor to derive the auxiliary
weights adaptively.

The essence of the BCR processor may be described briefly, as follows.
Let
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