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A DI RECTI ONAL ANTENNA Field of the In ' m‘mmmresent_ i nvention rel ates
to. a directional antenna system and a\"mm‘mm\“‘\ producing a -

predeterm ned beam pattern for a directional. antenna. Background of the

I nvention There are two types of conventional antennae in terns of
directionality. One type is an omi-directional antenna which
transmts/receives energy to and fromits surroundings and is equally

sensitive to signals in any direction inits polarization plane, that is a
pl ane perpendicular to the |ongitudinal axis of the antenna, when the
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antenna systems, the directional antenna is usually nmore conplex and
expensi ve trﬁ& t ha |- 'ir ctional antenna. Conventional directional _
ant ennae nma rably system performance, for exanple, when it
IS necessary to distinguish between several received signals. Al so, once
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can be rej ercft ed, so inproving the quality of the required signal and
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directional antennae are widely used. One type of directional antenna. is

t he speci al | ﬁ_lid_(gg %ﬂm ' ; # rectional antenna and the other is an
array- based B ophi ﬁh@éhgg he array-based directional antenna
consi sts of many antenna el ements with certain geonetric alignnent

There are two types of conventional antennae in terms of directionality. One

type is an omni-directional antenna which transmits/receives energy to and
from its surroundings and is equally sensitive to signals in any direction in its

_polarization plane, that is a plane perpendicular to the Io_ngitudinal axis of the
antenna, when the antenna is a horizontal polarization antenna.

Another type of antenna is the directional antenna which transmits/receives
energy to and from certain directions only. Due to the narrow beam width
used in directional antenna systems, the directional antenna is usually more

complex and expensive than the omni-directional antenna.

Conventional directional antennae may improve considerably system
performance, for example, when it is necessary'to- distinguish between
several received signals. Also, once the signal direction has been .
determined, undesirable interference signals can be rejected, so improving

-the quality of the required signal and thereby improving system performance.

Two types of conventional directional antennae are widely used. One type of
directional antenna is the specially designed physical directional antenna and
the other is an array-based directional antenna. The array-based directional
antenna consists of many antenna elements with certain geometric alignment
forming an array of antenna elements. In such an array, one antenna

“element can be either an omni-directional or ‘a directional antenna. The
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form ng an array of antenna el enents. In such an array, one antenna

el ement can be either an omi-directional or a directional antenna. The
~~~~~~~ LIEE viELE v vt vt 1t~ ~ *@0002* 2 conventi onal
array-based directional antenna is generally nore expensive and . of a

| arger size than a conventional physical antenna. In practice, it is often
necessary to change the .transceiving direction of the antenna quickly. A
si ngl e physical directional antenna nust2be rotated nmechanically and, as
such, the action is generally slow. By contrast, an array-based '
di rectional antenna may change the transceiving direction by neans of a
beam form ng al gorithm which may be achieved relatively quickly using
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qui ckly and which is also smaller and cheaper than a conventi onal

array- based anten&a. .tSurmEri{ of the Iae tion Inr“general_ ternms, the present
i nventi on coMPEEE. 4t & PHBR i Mfessaty: KhrBaNgs dhe fansepiving Aisestipn of the

omi - di r ect ipAGhnAHUREKAR SUAT & ical vk f LV
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control 1 ng dif 26! ESMRlex and costly.

Thus, there is a need for a directional antenna which can change both the
beam direction and radiation pattern very quickly and which is also smaller
and cheaper than a conventional array-based antenna.

Summary of the Invention

In general terms, the present invention comprises a directional antenna
system comprising an omni-directional antenna surrounded by ‘a number of

active absorber elements.

In the cbntext of the present invention, the term ‘omni-directional antenna’ is
to be understood as having its usual meaning in the art, namely, an antenna
having equal sensitivity in all directions in its polarization plane, that is, a
plane perpendicular to the longitudinal axis of the antenna, when the antenna

is a horizontal polarization antenna.

‘According to a first aspect of the present invention there is provided a
directional antenna system having a beam pattern for controlling directional
sensitivity of said directional antenna system, the directional antenna system

comprising:

an omni-directional antenna, and



sensitivity- of said directional antenna system the directional antenna
system conprising: an omi-directional antenna, and 3 one or nore active
absorbers, wherein said one or nore active absorbers are arranged around
said omi -directional antenna, and wherein said one or nore active
absorbers are swi tchabl e between an off state and an on state to vary said
beam pattern. According to a second aspect of the present invention there
is provided a nethod for producing a prgdetern ned beam pattern for a.
directional antenna, conprising the steps of: positioning one or nore
active absorbers around an omi-directional antenna, and sw tching one or
nore of said one or nore active absorbers between an off state and an on

state 1o produceqfePhrdpbil MARE BeesRAL! weﬁng%ﬁl BGR] Yrie*YrefRpd! 4Bl Of
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enhance acc%a\,ttg(egggjawggjdqgeé}ﬁg,%%m_ty. A preferred enbodi ment of the
I nvention may al so assist in reducing the adverse effects due to multiple

reflections or multiple access interferences, for exanple, in comunication
and posi ti oficegrdingiterss second raspeicb whltharpresant inventiom dberer & provided a
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positioning one or more active absorbers around an omni-directional

antenna, and

switching one or more of said one or more active absorbers between

an off state and an on state to produce a predetermined beam pattern.

A preferréd embodiment of the present invention may be utilised, for example,
in positioning systems to change both beam direction and beam péttern
flexibly and swiftly compared to the conventional method of mechanically
rotating a directional antenna. Also, auxiliary directional information may be
acquired to enhance accurate positioning capability. A preferred embodiment
of the invention may also assist in reducing the adverse effects due to multiple
reflections or multiple accéss interferences, for example, in communication

and positioning systems.

A directional antenna system according to a preferred embodiment of the
invention may be smaller and far less expensive than a conventional array
antenna.

Brief description of the drawings

The present invention will now be described by way of example and with

reference to the accompanying drawings in which:



reference to the acconpanying drawings in which: 4 Figure lais a
schematic diagram of the structure of a conventional active absorber;
Figure 1 b is a spectrumin the frequency donain of an active absorber of
the type shown in Figure la; Figure 2a is a schematic representation of
the structure in an active absorber- based directional antenna with comon
absorbers for both the transmtting and receiving antennae el enents
according to an enbodi ment of the invengion; Figure 2b is a plan view of
the structure of Figure 2a; Figure 2c is a schematic representation of the
structure in an active absorber- based directional antenna with independent
absorbers for both the transmtting and receiving antennae el enents

accor di ng t%@xr&“{é e dhiEMorafn ofqnd @fﬁi&dr%“%f B &H\%n%BnEPP&i\@ an
vi ew of the ructure o Igure 2cC; Figure 3a 1S a beampattern of a
di recti onal apsoena according to an enbodi nent of the invention conprising

active absorbers having a single directional beam Figure 3b is beam
pattern of g:.di regtjonal a ten.ng agcordi ng 0 a fL#rther. engodi neg& of the
i nvention c6igEsithi & SPeekuI PG dFRayens rfif"c‘% of fn BeiY&HABFOTRERRE IS gur e
4a is a scheysd skowh #UFRjUrefat he structure of a nulti-layer active

absorber according to an enbodi nent of the invention; and Figure 4b is a

spectrumin the frequency domain of a nulti-layer active absorber of the
type shown iRigwexs is aachgmafie seprepeniatiopfof the stueltige FBb @Eckiua @bsorber-

based directional antenna with common absorbers for both the transmitting
and receiving antennae elements according to an embodiment of the

invention;
~ Figure 2b is a plan view of the structure of Figure 2a;

Figure 2c is a schematic representation of the structure in an active absorber-
based directional antenna with independent absorbers for both the
transmitting and receiving antennae elements according to a further
embodiment of the invention;

Figure 2d is a plan view of the structure of Figure 2c;

'Figure 3a is a beam pattern of a directional antenna according to an
embodiment of the invention comprising active -absorbers having a single
directional beam; |

Figure 3b is beam pattern of a directional antenna according to a further
embodiment of the invention comprising active absorbers having two

directional beams;

Fig'ure 4a is a schematic diagram of the structure of a multi-layer active

absorber according to an embodiment of the invention; and

Figure 4b is a spectrum in the frequency domain of a multi-layer active

absorber of the type shown in Figure 4a.



Certain materials may absorb selectively input mcrowave energy by

el ectrical neans. A device containing such materials may be ternmed an
active absorber. The npbst common structure of an active absorber is a
frequency selective surface (FSS) 1, and this structure is shown in Figure
| a. The structure shown in Figure |a conprises a nunber of specifically
designed |oops 2 wth tunable surface-nount reactive | unped el enent
conmponents 3 on a face 4 of the FSS 1. Al though each of the components 3
has two electrodes 5, the electrodes are connected i'n parallel. Thus,
there are only two electrodes for the FSS 1. The band-stop frequency
(notch frequency) of the FSS 1 may be changed by varying the bias voltage
appl i ed bet wes | f the FSS 1. For exanple, if two

bi as vol t age—vatte e e Fstoered on the FSS 1, bias voltage vl
tunes the notch frequency of the FSS 1 at the center frequency of the
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The band-stop frequency (notch frequency) of the FSS 1 may be changed by
varying the bias voltage applied between the two electrodes 5 of the FSS 1.
For example, if two bias voltage \ralues v1 and v2 are considered on the FSS
1, bias voltage v1 tunes the notch frequency of the FSS 1 at the center
frequency of the signal working spectrum so that the input signal energy to the
absorber may mostly be exhausted in the loops 2. Hence, there is almost no
signal energy passing through the absorber. In this condition, the absorber
absorbs the energy in the working frequency range. This state of the active
absorber may be regarded as "sw'itched on”.

Bias voltage v2 shifts the notch frequency of the FSS 1 far from the working
frequency range. In this conditi'on, although there will still be some small
absorption of energy within the V\rorking frequency range, the majority of the
signal in this range will pass througn the absorber. The active absorber is
now transparent to the signal and may be regarded as being in the “switched
off” state. '

Figure 1b‘shows the spectrum in the frequency domain of an active absorber
of the type shown in Figure 1a. It will be seen that at certain voltages, the
attenuation of the signal through the active absorber is increased considerably



as the .signal is absorbed by the active absorber. This is shown as a notch
6, 8 in the spectrumof Figure 1b. In the switched on state, at a bias
voltage of vl1, the notch 6 is situated within the working frequency range
9 of the system \Wen the bias voltage is changed to v2, that is where the
active absorber is in the switched off state, the notch 8 falls outside
the working frequency range of the systemto allow energy to pass through
the active absorber. Figures 2a and 2b skow the structure of an

absor ber-based directional antenna according to a preferred enbodi nent of
the invention. Two omi- directional antennae, one being a transmtter 10
and the other being a receiver 12, are nounted one above the other on a

conmon axi s t t | : ' ator el nt 16.
A nunber N GF the e pBEBRcR Bf i SRS PHTF shaRrASR s e
conmon axi s 8l the speetrem ahFeurec blOIn the. switchetben shatef at Adbias VbNage of
absorbers 18 ,are s 'bfé;ed.off Wr,}ﬁre Mis [n the range of 1 to N, the

r emai ni ng aé’tﬁ*b&e 5& IS situpded,withl thewerkingqreguenayranggrief theesysiemay
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by the nunbdhe switahed offetatelMtivehnotchd falls wiutsitie dhe fvarkim drecirsint g hanigeo bf

active absorpers 18 be arranged adjacent.to one another or separated
by a nunber tﬁ? S¥§&e{‘bﬁ§%"%988fqu %%M ti'g,acg'eﬁ PRETon the beam
pattern required. It should be noted that, in Figures 2a and 2b, the

ommi - di r ect iRigarest 2ANEAE t 28T sholl thBdstreetry &f AR aBs6IbRADagEE @iradRMaf! ONg
the sane vertical axis 14. It is assuned that both the transmtter 10 and

receiver 12 HWeRIHACCHEING A preirtied prpmdimentaf el imendionendiwy onesikage
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wi Il bl ock geetiveeh2rane moaktgieondeabovethé vther on a common axis 14 and are
separated along the axis by an isolator element 16. A number N of active
absorbers 18 are mounted symmetrically around the common axis 14 of these
antennae 10, 12. A number M of the active absorbers 18 are switched off
where M is in the range of 1 to N, the remaining active absorbers 18 being
-switched on.

The signal energy may pass along the direction in which the active absorbers
18 are switched off and hence the antenna beam pattern of both antennae 10,
12 is determined by the number of absorbers M which are switched off. The
switched off active absorbers 18 may be arranged adjacent to one another or
separated by a number of switched on active absorbers 18, depending on the
beam pattern required. |

It should be noted that, in Figures 2a and 2b, the omni-directional transmitter
10 and receiver 12 antennae are placed along the same vertical axis 14. ltis
assumed that both the transmitter 10 and receiver 12 antennae are
horizontally polarised and hence energy leakage along the vertical axis 14 is
very small. It is also assumed that-the isolator element 16 between the
transmitter 10 and receiver 12 antennae will block small energy leakage
between them.



7 Figures 2c and 2d show the structure of an absorber-based directional
antenna according to an alternative preferred enbodi nent of the invention
in which the beam patterns for the transmtter and receiver antennae nmay
be controlled independently. Two ommi-directional antennae, one being a
transmtter 20 and the other being a receiver 22, are nounted one above the
other on a common axis 24 separated by an isolator elenment 26. Each

antenna 20, 22 is surrounded by a group pf active absorbers 28, 29, and the
two groups of active absorbers 28, 29 are isolated fromeach other. The
antenna beam pattern of both antennae 20, 22 nmay be determ ned by the
nunber M of absorbers 28, 29 which are switched off and their positions.
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ant ennae 20, 22 may be controlle ependently so eam patterns
for the ant antemmanagcatdingeto dn altermative gireferremhdmbedooentr ofl thednsepiiorairel v .
Figures 3a and_.3Q illustrate a punber. of beam pajterns 30, 32, 34 I ch may
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beam pat t er trapemitten2Q ang the @themkeing araceivatj2k are maunted orebabovethe bei ng
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mai n | obe. Gngshre 20, 22 idistiretvded be abgriipdet Acthvesalsbrbérs 28524 tamPtHe om
two separated groups, each grougehaw ngaone or nore adjacently | ocated
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nunber of \maysherfdiof @absorbers 28, 29 which are switched off and their positions. The
groups of absorbers 28, 28 surrounding the transmitting and receiving
antennae 20, 22 may be controlled independently so that the beam patterns

for the antennae may differ from each other and be controlled separately.

Figures 3a and 3b illustrate a num]ber of beam pa'tterns 30, 32, 34 which may
be obtained from the directional antennae of Figures Za and 2c. Various
other beam patterns may be obtained by switching the active absorbers 18,
28, 29 on and off in different configurations. |

Figure 3a illustrates the beam pattern 30 resulting from one or more adjacent
active ‘absorbers being in the switched off state, the remaining active
absorber(s) being in the switched on state, thus producing a radiation pattern
30 having a single main lobe.

Figure 3b illustrates the beam patte'rhs 32, 34 resulting from two separated
groups, each group having one or more adjacently located active absorbers in
the switched off state with the remaining absorbers being in the switched on

state, thus producing a radiation pattern having two main lobes.

The antenna beam patterns 30, 32, 34 may be controlled in a number of
ways, for example:



8 1. by changing the nunber of active absorbers 18, 28, 29 which are
switched off in one direction, the beamw dth of the pattern 30, 32, 34 may
be altered w thout changing the direction in which the beamis directed; 2.
by changing the | ocations of the active absorbers 18, 28, 29 which are
switched of f, but keeping the nunber of active absorbers which are

switched off constant, the direction in which the beamis pointing nay be
altered, and by altering the nunber and Bocation of the active absorbers
whi ch are switched off, the direction and beam pattern 30, 32, 34 may be
altered S|nultaneously, 3. if it is desired to rotate a narrow beam this
may be achieved by swtching off a number of active absorbers 18, 28, 29

sequentially. fhe hé*}?@@ “t%e%&rr@’é?ctffdan@é;%s@ﬁae?é 1! 829 ucﬂCH

absorbers 1 throu SWtcC ive absdrbers th rough. N
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n-1 and Mtn through N are switched on. If the bandw dth of the signal in

use is |arge, ﬁorfél‘l?éﬁa g 1R deatibAs WF dse Bafb ab%brss*lgnﬁé 29 wHidWhfe | ayer

active absorber a |TUstfated in Figure 1a may not be able to cover the
whol e wor ki ng switchedimnff, I—Qubé(eepmgatlmurmumber mfea@imee@beothﬁls nwhich arenunber

of rrulti-layer atlv bsor UE es. of e shown in Figure 4a
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in Figure 4a conprises several single |ayer active absorbers 40, 42, 44
whi ch may be swhighparseswiteher off, the |rect|on and beam pattern 30, 32, 34 may be

altered simultaneously;

-3. if it is desired to rotate a narrow beam, this may be achieved by
switching off a number of_ active absorbers 18, 28, 29 sequentially. The
switching-off procedure may be as follows:

a. active absorbers 1 through M are switched off and active
absorbers M+1 through N are switched on;

b. active absorbers 2 through M+1 are switched off and active
absorbers 1 and M+2 through N are switched on; and

c. active absorbers n through M+n-1 are switched off and active

absorbers 1 through n-1 and M+n through N are switched on.

If the bandwidth of the signal in use is large, for example, an ultra wide band
(UWB) signal, a single layer actiye absorber as illustrated in Figure 1a may
not be able to cover the whole working spectrum. Hence, in a further
preferred embodiment, a number of multi-layer active absorber structures of
the type shown in Figure 4a may be used as the absorbers for large band
width signals in the systems of Figures_2a and 2c.

The multi-layer active absorber structure 38 shown in Figure 4a compfises

several single layer active absorﬁers 40, 42, 44 which may be superposed or



stacked together, each absorber |ayer 40, 42, 44 being tuned to a different
centre frequency. Thus, each absorber |ayer 40, 42, 44 may be responsible
for one part of the signal spectrum and rmay absorb the signal energy in the
respective part of the spectrum The total absorption region of the
frequency spectrumof the nulti-layer active absorber 38 will be |arger
than or equal to the signal spectrumof the directional antenna system
into which the nmulti- |ayer active absorger structure is incorporated. Due
to fact that the absorber |ayers 40, 42, 44 are tuning different
frequencies, the sizes of the | oops associated with each layer will differ
from layer to |layer and the higher the frequency to be tuned, the smaller

the loop r bi 'r Vi 2 i f.fer fr. yer
to I ayer. FarkeCingPlfery baER SoRRE AL YY) 82 PR nOrd e Bop b
switch on bicaptredréaseyaphls eadmr@mdbelslayémo 42; A4vrhaly. beTh%ponsmle
correspondi ng swtch off bias voltages nay be denoted as v21, ...., v2k
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smel | part qfy ér%t.weta%lsowts@mcmﬁg indorgdtiagedtb shows the frequency
spect rum of a mul ti-layer active absorber 38 of the type shown in Figure
4da. It wll be seen that when the absorber |ayer(s) 40, 42, 44 of the

mul ti-|ayer Rueiioe fagts dhatethgsabserben layerswid,cHed 4h steattaning Idifferent r al

notch frequ 4 f r. Layer. 40 42 ccurs
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en the absorber |ayer(s o e multi-layer active absorber
required. The bias voltages required may also differ from layer to layer. For

example:

If there are K layers, then the co'rresponding switch on bias voltages may be -
denoted as v11, ...., vik. The co!rresponding switch off bias voltages may be
denoted as v21, ...., v2k, so that the resonant frequencies of all layers are

tuned out of the working spectrum.

Although the radio-power efficiency of fhe active absorber-based directional
antenna according to an embodirﬁent of the present invention may not be as
high as that of a conventional. physical directional antenna, this is not
important in low radio power systems. In a low radio power system, the radio

frequency (RF) power forms just a small part of the total system power.

Figure 4b shows the frequency spectrum of a multi-layer active absorber 38 of
the type shown in Figure 4a. It will be seen that when the absorber layer(s)
40, 42, 44 of the multi-layer active absorber 38 are in the switched on state,
the central notch frequency 40, f42, f44 for each absorber layer 40, 42, 44
occurs within the working frequehcy range 46. Thus, with a sufficient number
of absorber layers, the entire working frequency range 46 may be covered.
When the absorber layer(s) 40, 42, 44 of the multi-layer active absorber 38



10 are in the switched off state, the central notch frequency for each
absorber layer 40, 42, 44 falls out of the working frequency range 46. By
altering the bias voltage to the |ayers, for exanple by decreasing or
increasing the bias voltage, the central notch frequencies Fn nmay be noved
ei ther above or below the working frequency range 46 to allow the signal
to pass wunattenuated. In sumary, preferred enbodi nents of the present
invention provide a directional antennaosystem and net hod of producing a
predeterm ned beam pattern for a directional antenna in which both the
beam direction may be altered very quickly conpared with conventi onal

nmet hods of nmechanically rotating, a directional antenna. Furthernore,

according tqa drﬁ”tﬁ‘é %Wif’cﬂeg e %@étg‘ﬁgﬁef Pég\(flrglenbfé}"el’f‘é L%(]1 HAF RATLRbEF N TRY

al so be altered very . q |y conpa i th COhVERt T onal

met hods. Al dayerad0, aﬁﬂ,eﬁnﬁallaomﬂroflthg Wcurkmgofreﬁeem@drangeodﬁi mBy albérindehe

I nvention is.smaller ?nﬂ?ﬁr)rgq e onom C t hgn a conventional. Bt e[Hl]a array
beam f or mi n} iag, ypltage ¢ YRRt eﬁ?ye EFEasiNgeRt NGFeaRInd ke Rigs i sed
i n positioni S HoRdH a o dHhee
flexibly and\"a g\/\?%(t Erf‘éT%enieerLby aﬁ&e?gﬁg?%gdﬁg@t% Ot?\%%o%%jre@n@? |Fnon maybge
acqui red t o betdwanthe awotking efreguency oasingg bpaoi ldlloy. thies signal efer pass
enbodi ments of .t he |nvent|on may assist in reducing adverse effects due to
nul tiple ref ynagendatedor nulti pl e access interferences in comunication and
positioning systens. Various nodifications to the enbodi nents of the

present invant s@RnEesCprofirecaEmisodiments ofades pgresesx aigentionOphfide a
conmponents and nmethod steps may be added or substituted for those above.

Thus, alt hoﬁ'l@ci'ﬂ'éallaﬂﬁéﬁf‘?(ﬁYSFﬁi@ ansemethed of ipreducng epipsietrmined ibeamr
enbodi ment s dRY 4P aird Rﬁa‘l‘ﬁr ergg%?ﬁ Rficiddth thi NSeath WFecBbnt Gy SH&! 8.

as wll be (Hear to the s
altered very quickly compared with conventional methods of mechanically

rotating a directional antenna. Furthermore, according to a preferred
embodiment of the invention, the beam pattern may also be altered very .
quickly and flexibly compared with conventional methods. Also, an antenna
according to a preferred embodiment of the invention is smaller and more

economical than a conventional antenna array beam-forming system.

Embodiments of the present invention may be utilised in positioning systems
to change both beam direction and beém pattern flexibly and swiftly, whereby
auxiliary directional information'may be acquired to enhance accurate
positioning capability.  Also, preferred embodiments of the invention may
assist in reducing adverse effects due to multiple reflections or muitiple

access interferences in communication and positioning systems.

Various modifications to the embodiments of the present invention described
above may be made. For example, other components and method steps méy
be added or substituted for those above. Thus, although the invention has
been described above using particular embodiments, many variations are
possible within the scope of the claims, as will be clear to the skilled reader,

without departing from the spirit and scope of the invention.




Wi t hout: departing fromthe spirit and scope of the invention. LLOYD W SE
11 Cdainms: 1. A directional antenna system having a beam pattern for
controlling directional sensitivity of said directional antenna system
the directional antenna system conprising: an omi - di r ect i ongfOYAhitvesma,
and one or nore nunber of active absorbers, wherein said one or nore
active absorbers are arranged around a H?ngitudinal axis of said omi -
directional antenna, and wherein said one or nore active absorbers are

swi tchabl e between an off state and an on state to vary said beam pattern.
2. The directional antenna systemof claim1, wherein the omi-directional
antenna conpri.ses a transmtter antenna. 3. The directional antenna system
of claiml1, in the oomi-directional antenna conprises a receiver
antenna. 4. The directional antenna systemaccording to claim1l1, wherein

the omi - direct AOgRéctRINal He SIATRYSRPS favidgd s %Eﬁ?baﬁ@ﬁ?%‘@c@ﬁﬁolﬂn

receiver antenna, each of said transmtter "and receiver antennae avi ng an
associ at ed @ieegtonghtsensitivity. offsaid dicectionahlarienramnsystgmit cieadoectibnay t o

claim4, "\hgﬁt%m?%?%%&éﬁﬁ'@i%itter antenna and sai d receiver antenna are

arranged adj acen ¥er about a common axis and are spaced al ong
said common axis by an insulator elenent. 6. The directional antenna
syst em accor di ngah onotiairecionattenma;smdd one or nore active absorbers are

conmmbn to said transnmitter antenna and said receiver antenna for
control ling sinmnul taneouslé/ t he be gatte ns assocjated wth said receiver
and transmtter 4N S&EJHQre number of active absorbers, wherein said one or more
active absorbers are arranged around a longitudinal axis of said omni-
directional antenna, and wherein said one or more active absorbers are

switchable between an off state and an on state to vary said beam pattern.

2. The directional antenna system of claim 1, wherein the omni-directional

antenna comprises a transmitter antenna.

3. The directional antenna system of claim 1, wherein the omni-directional
antenna comprises a receiver antenna.

4. The directional antenna system according to claim 1, wherein the omni-
directional antenna comprises a transmitter antenna and a receiver antenna,
each of said transmitter and receiver antennae having an associated beam
pattern.

5. The directional antenna system according to claim 4, wherein said
transmitter antenna and said receiver antenna are arranged adjacent to one
another about a common axis and are spaced along said common axis by an

insulator element.

6. The directional antenna system according to claim 5, wherein said one
or more active absorbers are common to said transmitter antenna and said
receiver antenna for controlling simultaneously the beam patterns associated

with said receiver and transmitter antennae.




LLOYD WSE ' 12 7. The directional antenna system according to claimb5,
wherein a first nunber of said one or nore active absorbers are,_%yﬁwfgzd
around said transmtter antenna and a second nunber of said one or nore
active absorbers are arranged around said receiver antenna for controlling
i ndependently the beam patterns associated with said receiver and
transmtter antennae. 8. The direction antenna system according to any
one of the preceding clainms, wherein sard beampattern of said directional
antenna systemis rotatable by swtching said one or nore active absorbers
on and off in a sequence. 9. The directional antenna system according to

| ai 14 ' Wh [ id b at t of id directional
At enna system | tha didckbnal'Bjenod; SEETACRIBNECE! GaTRLS onberein anfiEtd. of |
in a sequeng@mbBhejiesdidSand orsﬁfﬁ#gnﬁéli\%_efaﬁﬁgﬂb%% a?'eréﬁgﬁ%é’é dr8dhatd 08

patterns obtainable, said range of radiation patterns ving one or nore
mai n | obes &arsMitievi anteanaadndsaabéeondiirdinbéromof veaigi oge sengnoievidclivef said

[ [ o, I [ [ l t t ding to
any one of ROEPES A FPndit e it GBI o HeMEEa R T oPOBEOONS

di r ect i onal independenthythiediBdm patiBrnsAesRRiAe @ Withesil YéHiVer ARfitrihighRicr said
one or nore active absorbers conprise neans for altering said beam w dt h,

wherein sai BBBAR for altering said beamwidth conprises means for
varyi ng the nunber of active absorbers switched off in a predeterm ned

direction sg as : SRSV ' i 19 ' [ {;ection.
11. The di rge)'ct i oTlg? ggﬁggﬁ?%%}gt em ctgﬁ?éf:%d?@ g’nél) f;gg%o f’fb%?ii%.?%% I ng
cl ai ms, whesclains,swhereinesaid beara patténwe ofitsaid firectionapantenmeapstehoris
altering the dti BFCU on | r}].whi ch,said directional antenna is directed, said
means rotatablé” by switching said one or more active absorbers on and off in a

sequence.

9. The directional antenna system according to any one of claims 1 to 7,
wherein said beam pattern of said directional antenna system is alterable by
switching said active absorbers on and off in a sequence, wherein said
sequence determines a range of radiation patterns obtainable, said range of
radiation patterns having one or more main lobes each having an adjustable

width for varying sensitivity of said directional antenna system.

10.  The directional antenna system according to any one of the preceding
claims, wherein said beam pattern of said directional antenna system has an
associated beam width, and whérein said one or more active absorbers
comprise means for altering said beam width, wherein said means for altering
said beam width comprises meansffor varying the number of active absorbers
switched off in a predetermined direction so as to change the beam width in
said predetermined direction. |

11.  The directional antenna system according to any one of the preceding
claims, wherein said one or mofe active absorbers comprise means for
altering the direction in which said directional antenna is directed, said means
for altering comprising means for varying a predetermined selection of said

one or more active absorbers which are in said off state.




for altering conprising neans for varying a predeterm ned sel ection of said
one or nore active absorbers which are in said off state. LLOYYDWISE 13
12. The directional antenna system according to any one of clains 1 to 7,
wherein said beam pattern of said directional antenna systemis alterable
by switching said active absorbers on and off in a sequence, wherein said
sequence conprises: a. active absorbers through Min the switched off
state and active absorbers M1 through in.the switched on state; b.
active absorbers 2 through Mtl in the switched off state and active
absorbers 1 and M+2 through Nin the switched on state; and c. active

absor bers n hrOJd dlrtrll'r 1rr‘ére in the switched off state and active
absorbers hro 8% gtigy JMANDH SYSIGM RCEQTEINgnto ARY 08 Af Glaisoh tat7at e.

13. The di rﬁﬁéi&?%bl@ﬁéﬁﬁ”ﬁa@rﬁtﬁr@ Qf?f%gh&galtrﬁt@l'?ﬁ(a Qgﬁeﬁior fReRbRERY! NI

claims, wherein one or nore of said one or nore activ efrs conprise a
plurality o$wi¢hing esdidyactivec abserbeins wrband, offaih al agquemas, nghetsialdaidt o a

different f y. a predeterm ned working frequency band w dth.
USRS ol | it ect

14. A met ho a predeterm ned beam pattern for a directional
antenna, conprising the steps of: positioning one or nore active absorbers

around a | ongi t uali nal activesalsSorbers Pthrough M i thensitchieldesTth stat@ Bfd Betive hi ng
one or nore of said one orﬂggre active absorbers between an off state and

an on state to pARRAIERSMpHdarUgnN ikthepaitshest erplateins. The met hod

according to claim 14, further conprising positioning a transmtter

antenna and a 1 agel veRael SBBGAR 2CERbuAI MRPE AL NEIARAUbrr afi R X1 S

and spaced al ong said commopn axi s nsul at or
active absorbers 1 and M+2 through N in the SW|tched on state; and

c. active absorbers n through M+n-1 are in the switched off state
and active absorbers 1 through n-1 and M+n through N are in the

switched on state.

13.  The directional antenna system according to any one of the preceding
claims, wherein one or more of said one or more active absorbers comprise a
plurality of single layer active absorbers, each layer being tunable to a

different frequency within a predetermined working frequency band width.

14. A method for producing a predetermined beam pattern for a directional

antenna, comprising the steps of:

positioning one or more active absorbers around a longitudinal axis of

an omni-directional antenna, and

switching one or more of said one or more active absorbers between
an off state and an on state to produce a predetermined beam pattern.

15. The method according to glaim 14, further comprising positioning a.
transmitter antenna and a receiver antenna adjacent to one another about a

common axis and spaced along said common axis by an insulator element,



LLOYD W SE * 14 wherein said omi-directional antenna conprises said
transmitter antenna and said receiver antenna. 16. The net hpd)YaxwBEdi ng to
claim 15, wherein said receiver antenna and said transmtter antenna each
have an associ ated beam pattern, and wherein the step of switching the
states of one or nore of said one or nore active absorbers conprises
controlling sinultaneously the beam pattgrns associated wth said receiver
and transmtter antennae by switching the state of said one or nore active
absorbers conmon to said transmitter antenna and said receiver antenna.

17. The method according to claim15, wherein the step of positioning
conpri ses pogitLonin | rst nunber of said one or nore active absorbers

f , L
around sai d¥ ?Eﬁigrﬁa}'ae‘?mahg'é?ﬂ&’ ANISRN4 {CORRTIses saldokansmitinsr afensai d one

or nore act 4N@ saksrRcBRE? affciiyd sai d receiver antenna for controlling
I ndependent|ly the beam patterns associated with said receiver and

transmtter antennae. 18. The method according to any one of clainms 14 to
17, furt her 1€onpfheimgthodaceordigg daickrite 4bn wherein saisk receiver dintenna andl

ant enna by Lt.ehi ' I\ 0 r.s.on d off in a seguence. 19.
The net hod g%@&fﬁsﬁttégbgtﬁ;ﬁﬁéneea%&ﬁ%%a%ﬁ%é%ﬂc'?g%%ammﬂﬁé?' %’Hﬂﬂﬁ?gﬁ'ﬁg
altering sathe slepmofpswitetiing thesstatésdot 8aé ic?mars eRRAIPYNEVH Fidird Bichige d
active absorbegs on and off in a sequence, wherein said sequence

det er mi nes 8PSOTRRCHNPHERS sontsplling strayiianesuslyi thaheam pattarnsaagsociated "

radi ation | PP aca] | | .adj ust abl e
Wdth Tor vath3aRFr N andianahitehiaiefied b BRRcARG ERET RIS Rou
accor di ng tor angreoaetivd ahisairbers1dommdm towbaidetransmitter betermpabhérsaief said
di rectional __antenna,has an associ ated beam w dt h, and

receiver antenna.

17. The method according to claim 15, wherein the step of positioning
comprises positioning a first number of said one or more active absorbers
around said transmitter antenna and positioning a second number of said one
or more active absorbers around said receiver antenna for controlling
independently the beam patterns associated with said receiver and transmitter

antennae.

18.  The method according to any one of claims 14 to 17, further comprising
rotating said beam pattern of said directional antenna by switching said active
absorbers on and off in a sequencé.

19.  The method according to any one of claims 14 to 17, further comprising
altering said beam pattern of said ;direction antenna by switching said active
absorbers on and off in a sequehce, wherein said sequence determines a
range of radiation patterns obtainable, said range of radiation patterns having
one or more main lobes each having an adjustable width for varying sensitivity

of said directional antenna.

20. The method according to any one of claims 14 to 19, wherein said
beam pattern of said directional antenna has an associated beam width, and

said method further comprising altering said beam width by varying the




said nethod further conprising altering said beamw dth by varying the
LLOYD WSE 15 nunber of active absorbers swtched off in a predeterm ned
direction so as to change the beamwi dth in said predeterm EIE,QJYQ:IWfSEE:ti on.
21. The nethod according to any one of clainms 14 to 20, further conprising
altering the direction in which said directional antenna is directed by
varying a predeterm ned selection of sgikd one or nore active absorbers
which are in said off state. 22. The nmethod according to any one of clains
14 to 18, further conprising altering said beampattern of said
directional antenna by switching said active absorbers on and off

swi tching active absorbers 1

according to the faoll gwi ng sequence: a. \
through M t aum@rai@apﬁh%aga@%%ﬁ awicheg @tfdnia RIedetraYRed dirgptior Beras ti1
through N t ghikge ad behadviath ﬁ@é@?re&étaﬁﬁhggﬂiﬂ&ﬁéﬁ“ ve absorbers 2

t hrough M+1 to The swtched o ate an ching active absorbers 1 and
Mr2 through N to_the swtched on state; and c. switching active absorbers
n through Mh-1 fThetmethediaasredingtd ang vacefataimswi4 th2Gguether vemplisiagber s 1

through n-1_aned h N.to the switched on state. 23 The net hod
according to a_nyd\/gﬂr%e&igé&c a'.‘"'r%%h@ﬁ Siabdeglﬁ?d’founrafﬁﬁ%né‘édﬁ_rq‘?r@ﬁﬁf bY ¥ARiRg@one or
nore of sai greafeteroningdrseléctionef earRIO6RE 6t Abre ablive abisbibe?s wistRHrE ihayer
active absorbers, each |ayer being tunable to a different frequency wthin

a predeter rr?’%'gcpffl\ﬁtﬁfﬁ-ng frequency band wi dth.
22. The method according to any one of claims 14 to 18, further comprising
altering said beam pattern of said directional antenna by switching said active

absorbers on and off according to the following sequence:

a. switching active absorbers 1 through M to the switched off state

and switching active absorbérs M+1 through N to the switched on state:

b. switching active absbrbers 2 through M+1 to the switched off
state and switching active -absorbers 1 and M+2 through N to the
switched on state; and

c. switching active absorbers n through M+n-1 to the switched off
state and switching active absorbers 1 through n-1 and M+n through N
to the switched on state.

23. The method according to any one of claims 14 to 22, further comprising
forming one or more of said one .or more active absorbers of a plurality of
single layer active absorbers, each layer being tunable to a different
frequency within a predetermined Working frequency band width.



