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Power spectral density

-10 dB

Narrow band

Ultra Wide Band

@ Enormous bandwidth and therefore according to the

shannon’s formula

C =B logs (1+SNR)

offers very high data rates.
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Why Array Beamforming?

Signal of NO Interest

Receiver/Transmitter
Signal of Interest an‘hmg (antenna array)

Based on exploiting the physical phenomena of the interference
of Electromagnetic waves.

— Constructive interference towards Signal of Interest.

— Destructive interference towards Signal of NO Interest.

— implemented using antenna arrays.

— The extent depends on the phase shift k.

— The direction of the mainbeam and the nulls can be changed
electronically
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Linear Narrowband Arrays

Array Normal

N
AF =1+ exp{jkdsing} +...= Zexp{j(n — 1)kdsin ¢}

n=1
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Circular Narrowband Arrays

Incident rays
Y n'" element

5

N
AF. = Zexp {jkrcos(¢ — ¢n)}

n=1

o b = 271'(;7—1)

@ Assumption:the elevation angle § = 90
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ELA— @ Each frequency in that band generates its own radiation
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Future Work

o Digital solution is not yet possible as current samplers do
not offer the need sampling rates
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Advantages of FIR based Arrays

@ They are easy to realize as a typical FIR branch consists of
delay elements which can be implemented using microstrip
lines and multipliers which can be implemented using FET
Technology, thus eliminating the need for the complex
phase-shifting circuits used in the narrowband case.
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y(i, 6)

<®
<@

1(t6)

y Supuermy
i Lw—xw»w

Advantages of FIR based Arrays

@ They can compensate for the frequency responses of the
transmitting antenna, receiving antenna and channel
(Equalization),so the pulse shape is faithfully reproduced.
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Linear UWB Arrays

Procedure to determine the coefficients of the FIR filter

© we first equate the desired radiation pattern Hy(f, ¢) to
the array radiation pattern Hg,(f, &)

N M

arr(f7¢ —Zzanmexp{ .727rf[(n_1)7—0 ( —1

n=1m=1

@ careful examination of equation 4.2.6 reveals that it looks
like a DFT.Thus,by choosing preliminary N and M and
applying the IDFT, we get the sought-after coefficients
ApmS

© we autocorrelate the desired radiation pattern Hy and the
radiation pattern constructed using the coefficients from
step 2 and see whether they are similar enough(a criteria
should be defined for that),if not step 2 should be repeated

wiith AfFAavramt vialitace ~AfF AT AnA AT vintil A caticFartrAaris vracn |+
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Variation of the number of the antenna elements NV
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Variation of the radius of the circular array r

HFT

Circular
antenna
array

beamforming [l simulation conditions
for UWB

W 3 circular arrays are compared with same:

Shalaby

@ number of antenna elements N = 8

Contents

@ target angle ¢, =30°
Introduction .
a1 o filter order M = 8

Motivation

Narrowband o relative bandwidth f; = 2f;

eamformin . . o
¢ @ but with different radius r=

uwB
Beamforming h . c
T whnere 1 IS -———For+
Simulation ma maz 2fn SIH(WW)
Process
e 0.75 7
Future Work mazx
@ 0.5 rmae

19/27



@ Variation of the radius of the circular array r
HFT

Circular
antenna
array
beamforming
for UWB

Contents

Introduction
and
Motivation

Narrowband
Beamforming

uwB
Beamforming

Simulation
Process

Future Work

19/27

3.5

" = Tmaz

|

-100 0 100

-100 0 100

r =U0.5"maz

r=U.75"maz

-100 0 100



Variation of the radius of the circular array r

Circular
antenna
array
beamforming
for UWB

Mohammed
Shalaby

Contents

Ireclicen As the radius of the antenna elements r decreases:

and
Motivation

@ The number of sidelobes decrease
Narrowband

Beamforming @ The the mainbeam widens

uwB
Beamforming

Simulation
Process

Future Work

19/27



Radius and Grating lobes

Circular
antenna
array
beamforming

(2 (G042 @ Circular arrays have the inherent characteristics of the
Mehanmed presence of undesired higher sidelobe levels compared to
linear arrays

Contents

@ That can be minimized by exerting a limit on the maximum

Introduction

T interelement spacing and hence a maximum radius as well
otivation

Narrowband @ According to [Balanis 2004] the maximum interelement
Beamforming spacing is the arc 2]’{;"

UwWB

Beamforming = not convincing

Simulstion o | suggested that 7,4, is i according to the

Process

Future Work following diagram.

2fp sin(%)

20/27



Radius and Grating lobes

Circular
antenna
array
beamforming
for UWB

Mohammed
Shalaby

Contents

Introduction
and
Motivation

Position of a far observer
Narrowband

Beamforming

Bee  ming o Not .totallyphySIca/ly corre.ct due to the double welgh.tlng
T and interference of opposite elements but mathematically
locsss correct as long as it is less and not less than or equal

Future Work

@ with a radii in the order 1-2 cm the maneuvering space is
very limited due to the antenna physical size
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