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(i

This thesis is concerned with studies on circular

array beamforming for SONAR,

The circular array is finding increasing use in present
~-day sonar gystems, Its usefulness can be ascribed to its
symietry which affords efficient formation of multiple
beams for scanning the sonar environment, However, the
circular arrvey intrinsically suffers from a poor sidelobe
ratio as compared to a linear array, Tpe limitation of
bandwidth of the array is also a matter of concern in sonar
applications., We have, therefore, in this thesis adopted
an integrated approach to study specific problems in
cireular array beamformming. The emphasis is on obtaining
an insight into these problems and to propose ways of
obtaining the maximum advantage from particular beamformer

configurations,.

The probleun of beam pattern degradation due to phase
exror has been studied in detail, This knowledge has
then been applied to the case of digital phase guantigation
and guidelines evolved for minimiging the pattern degradat-
ionse The study of amplitude tapers has been made to analyse
their pattern modification ability, The effect of gome of
these taperg on the bandwidth and beamwidth has been stydied

and compared with the special case of are-errays,



W)

The phase~-shift beamforming technigque as applied to
m1ltiple~bean~-steering has been studied. The combined
effects of lspa.t ial sampling and demodulat ion have been
analysed to reduce the frequency - dependent beam-squint.
The spatial domain processing approach has also been
investigated and a fresh insight into gidelobe reduction

hag been obtained,

A pnew beauforming structure - the Delta Modulation
beamformer has been proposed and studied in detail, Compact
hardware structures have also been put forth, The Delta
Mocdulatlion beamformer has been built in hardwere and its
performance studied with the help of simmlated signals

8116. no iSe‘

The varlous analytical results obtained have been

largely verified and supported by computer simlation studies.



CHAPTER 1

CIAPTER 2

CONTENTS

Abstract

REVIEW AND SCOPE OF THE THESIS

1,1 INTRODUCT ION

1,2 OVERVIEW OF PROBLEMS IN BEAMFORMING
1.% REVIEW OF BXISTING LITERATURE

1.3.1 Circular Array Theory

1.3.2 Pattern Optimisation

1.3.3 Tolerance Theory

1.3.4 Amplitude Quantigzation Effects

1+%.5 Beanformer Structures o
1.4 MOTIVATION AND SCOPE Qf THE THESIS

PHASE ERROR EFFECTS IN CIROJLAR ARRAYS
2.1 INTRODUCTION

2,2 EFFECT OF A SINGLE PHASE~ERRO
HARMONIC :

2.2.1 Case I9 ﬂm = 0
2.2.2 Gase II, B << 1

2.3 EFFECT OF A LARGE NUMBER OF SMALL
AMPLITUDE PHASE ERRBOR HARWONICS

2.4 DISCUSSION OF TERMS IN (2.16)
24.1 The Term A
2.4,2 The Terms J1(/3i)

Page
(1)

O 1 v W\

11
14

19

20
23
24

26
26
26



2,4.3 The Terms in the Summation of (2.16)
2.4.4 Case of a Single Harmonic ﬁm

2.5 SIGNIFICANCE OF RESULTS
2,5.1 The Fundamental Component ﬁ‘l
2.5+.2 The Value of A

2.523 The Error Terms in the Summation

2.6 SPECIAL CASES OF INTEREST
2.641 Allﬁi's Bual and of Same Sign

2,642 Only 04d Harmonics are Present and

Equal

2.7 SOME SIMJLATION RESULTS COMPLRED WITH
THEORY

2.8 UMMARY

DIGITAL PHASE QUANTISATION EFFECTS
3.1 IHTRODUCT ION

5¢2 HARMONIC ANALYSIS OF DIGITAL PHASE
JUANT ISATION ‘

3¢5 VJ}RIATION OF FUNDAMENTAL HARMONIC WITH
R/A

3,4 WANTISATION MOISE POWER

3.5 VARIATION OF HARMOWICS WITH R/

3.6 QUANTISATION EFFECT OF FIRST SIDELOBE
3.7 EFFEQR OF INPUT BANDWIDIH

3.8 SUMMARY

Page

27

o3

29

32
32

33
35

37

42
45



CHAPTFR_ 4

AVPLIMUDE MODULAT ION EFFECTS IN
CIRCULAR ARRAYS

4,1 INTRODUCE IONW
4,2 HOTIVATION FR AMPLITUDE MODULATION

4.% DISCRETE ELEMENTS AND DIRECT IONAL
ELEMENTS

4,4 AMPLITUDE TAPERS

4,5 DISCUSSION ON AMPLITUDE TAPERS

4,6 THE SECOND AMPLITUDE TAPER HARMONIC
4.6,1 Sidelobe Nulling

4,6,2 Bffect of Bandwidth

4,7 THE FIRST AMPLITUDE TAPER HARMONIC
4.8 ARC ARRAYS

4.8,1 Bandwidth of Arc Arrays

4,8,2 Beanwidth of Arc Arrays

4,9 BANDWIDTH-BEAMWIDIH RATIOS
4£,9,1 Uniform Circular Array
449.,2 (1+Cos 28) Taper

4.9.3 ( 1 +Cos 8) Taper

4,9.4 Arc Array

4.9.5 Comparison of BWV@B Ratios

4,10 BANDWIDIH~BEAMWIDIH TRADE-OFF FOR
ARC ARRAYS

4,11 SUMMARY

Page

71
72

74
75
1
78
78
79
81
83
83
86

92
92
93
93
94
94

96
97



Page

CHAPTER 5

BEAMFORMERS AND SPATIAL DOMAIN

BEAMFORMING

5.1 INTRODUCT IO 98

5 2 THE P‘IASE-SHIIT BEAMFORMER PRINCIPLE 99

5 3ZBEAM-STEERING IN PHASE-SHIM 105
BEAMFORMER

5,4 WLTIPLE BEAMFORMING FOR CIRCULAR 108

ARRAYS

5.5 SAMPLING EFFECTS IN FIR-BEAMFORMER 114

5.5.1 Quadrature Sampling in FIR Beamformer 114

5¢5.2 Baseband Sampling in FIR Beamformer 117

560 SPATIAL DOMAIN BEAMFORMIING 119

5.6.1 Spatial Filtering 119

5.6.2 Prefiltering and Beam-Space 123

Processing

5.7 SIMULATION STUDIES IN SPATIAL DOMAIN 123
B BAMFORMING

5¢7«1 Element Directivity and Arc Length 125

5.7.2 Prefiltering 132

5.8 SUMIARY | | 134

GLAPTIR 6

DELTA-MODULATION BEAMFORMING

5.7 INDRODUCT ION - 135

5.0 CEOICE OF QUANTISER 138

6.3 1IPUT" SPECIFICATIONS FOR THE 143

- DN-BR
6.3.1 Time (Angle) Domain Properties 145
6¢342 Frequency Domain Properties 150



6.4 SAMPLE RATE AND INTERPOLATION
REJU IREMENTS

6.5 THE DU-BF CONFIGURATION
6.6 SELECTION OF DM PARAMETERS

6.7 SQN RATIO CALCULATION FOR DM-BF

6.8 PERFORMANCE OF DM-BF IN THE SONAR
SITUAT ION

6+48.1 Doppler Effect on the Beamformer
Regponse

6681 Malti~-target Response of the
Begmnformer

6.9 ARRAY GAIN RESULTS
6, 10 SUMMARY

BEAMFORMER HARDWARE STRUCTURES
7.1 INFRODUCE ION
7.2 THE PROGRAMMABILITY REJU IREMENT

7.3 A PROGRAMMABLE REAL-TIME BEAMFORMER
STRUCIURE ~

7.4 PROGRAMIABLE BEAMFORMER HARDWARE

T.4,7 Programmable Linear Beamformer
with 90 degree Phase Quantisation

7.4.,2 Programmable DU-BF with 90 Degree
Phase Quantisation

Ted.3 Programmable DM-BF without Phase
Quantisation

Page
152

161
163

178
182

182

183

186
187

188
188

189
192

192

194

196



7.5 COMPACT NON~-PROGRALMIIABLE

BEAMFORMER HARDWARE 198
7.6 A HARDWARE CASE STUDY 200
7.6,71 Sensor-Signal Similatox 22
7.6.,2 Linear-BF and DIW-BF Hardware 202
Te6.3 Comparative Study of Linear-BF,
Di-BF and Clipper-BF 208
7.7  SUMMARY 217
CHAPTER 8
SUMMARY AND SUGGESTIONS FOR FURTHER WORK.
8.1 INPROTU G ION 218
8.2 SUMMARY OF RESULTS 218
8.3 SUGGESTIONS FOR FURTHER WORK 20%
RETERE HOES ’ 226
IPPENDIN A ‘ 235

APPENDIX B 238



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

