;_pé]e3e' h' e(6TEK"'f A DI RECTI ONAL ANTENNA SYSTEM AND A METHOD FOR PRODUCI NG
.A PREDETERM NED BEAM PATTERN FOR A DI RECTI ONAL ANTENNA Fi el d of the

| nvention The present invention relates to a directional antenna system and
a nmethod for producing a predeterm ned beam pattern for a directional
antenna. Background of the Invention There are two types llm mmmmmﬂlmuﬂ““}nal
antennae in terns of directionality. One type is an omi

antenna which transnits/receives energy o and fromits surresngtngs and is
equally sensitive to signals in any direction in its polarization plane,
that is a plane perpendicular to the |ongitudinal axis of the antenna, when
the antenna is a horizontal polarization antenna. Another type of antenna

i s the direcAiRIRECHQNALANMENNA SXSQTEM&NNIB@MESEHG DEFQR PRODUCINGM
certain direct| am wi dth used in dlrectlonal
ant enna syst & : — : RAIDIREHIONALA ‘
expensi ve than the omi - di rect | onal ant enna. Conventi onal di rect | onal

ant ennae mMaFjblP6PIHL Mventiony abl y system performance, for exanple, when it
is necessary to distinguish between several received signals. Al so, once
the signal direction has been determ ned, undesirable interference signals

can be rej eckhaipresent imentipndetates t al dirsctionat astensgusystemsanghal matihod

antennae. ar Oup RS LS MTBE BT i G eI R e oot a1y
desi gned physical directional antenna and the other is an array-based

di recti onal Badlgrmoandidfthe Ingegntieaed di recti onal antenna consists of many
antenna elenments with certain geonetric alignnent formng an array of

antenna elenents. In s cha arra e antenna el enment can b e|t er an
omi - di r ect irﬁt?é? are W EY gﬂ'ﬂ%rﬂt‘genﬁq?e'" terrs of ireqtio
array- based tgbé €€ ahO8Rn- aﬂé@t'imﬁal 'a?wt&ﬂﬁ?mhéw t@ﬂéﬁm@)f@@ét%y%nett@ % afhd' ar ger

si ze than a ctonventional physical antenna. In practice,
necessary t dramhadlsgairicundingsnand isyeagallyi sensitiventoosignale |ararwmheea1||onohnt,s A

such “t he adbRiZAeR A el BT BlihechStoshfich 1o 3he Tl At srs i s Mona
antenna may gHemes Wieh thecditesha isd hetizesial polaRyatiBrpastefhaa beam f or i ng

al gorithm which may be achieved relatively quickly using electrical neans.

However, such a conventjional array-based antenna is highly compl ex and
costly. 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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Thus, there is a need for a directional antenna which can change both the
.beam direction and radi ation pattern very quickly and which is also smaller
and cheaper than a conventional array-based antenna. Summary of the

I nvention In general terns, the present invention conprises a directional
antenna system conpri sing an omi-directional antenna surrounded by a
nunber of active absorber elenents. In the context of the present

i nvention, the term'omi-directional anfenna’ is to be understood as
having its usual nmeaning in the art, nanely, an antenna havi ng equal
sensitivity in all directions in its polarization plane, that is, a plane
perpendi cul ar to the |l ongitudinal axis of the antenna, when the antenna is
a hori zont alcopykational aray-kasesrdirectidnabamtenga iogendrally mare mxpensive tamel
present invention there,is provided a &%rectional ant enna system having a
beam patterr?q@olﬁr%rﬁ%ihlainréc 'Yeé’g'f’f‘ah ysicH&MenNN& y of said directional

antenna system the directional antenna system conprising: an

omi - di r ect i|ANsHhchdY, _Glf‘ih':‘oftéﬁd1ece§s§r'99tooéhéﬂ§eetr%cErbH§céWiﬁ@&c§1F‘éc‘iipn"\5\efh‘°ei n

said one or nore active absorbers are arranged around sad ommi-directional
antenna, and@nigi@iqviddy.d ofiesivglemphysiaal directidnsdrandesnarmustwbec tutbted

bet ween an a a t t y. I d,. beam patd ern.. Accaordi ng
to a secondc}f'}écf)hza‘crﬁéag\‘y ?ﬁ%’ %? ceggjgﬁt ﬁ‘%@&ﬁ?ﬁ% Q?S{%fg"yl _§%H¥'ovi eﬁoatr?rétt #8d for
produci ng a grrsadeasadridiredtitiesinamtahhar maf Othahgd Hes ttiapdabiviy eft8ation by
conprising the stgﬁs of : positioninﬂhone or nore active absorbers around an

ormmi - di r ect iNB@ANS ghadean-faming @layRhmgviicl may Rerachigveshrelativedy grickiyr e

o edet er m nd g ser kel edhsy! Hald, 30th BLAehliohR dhaPBRRE Br®Fent  on
may be util iisaifhly comelexngridecostly.

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 context 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



in positioning systens to change both beam direction and beam pattern
flexibly and swiftly conpared to the conventional nethod of nechanically
rotating a directional antenna. Al so, auxiliary directional information nmay
be acquired to enhance accurate positioning capability. A preferred

enbodi nent of the invention may al so assist in reducing the adverse effects
due to multiple reflections or multiple access interferences, for exanple,
in comuni cation and positioning systems3 A directional antenna system
according to a preferred enbodi mrent of the invention nmay be smaller and far
| ess expensive than a conventional array antenna. Brief description of the
drawi ngs The present invention will now be descri bed by way of exanple and
with reference toneheramooepactivenabgdoearsgwhereinhisaltt ones ori giore dctivel s a
schematic c“é?%éﬁg%pf the structure of a conyentional active absorber;

Figure 1 b i3PS8MYEAPURIARIGHEreYNd, saitc pmisRUPrligial Antaraa. andpdsreir of
the type shQuy bRe or Mée aﬂctie'g a%bgléﬂrfs%?e bgriitéhétffdagﬁnég\fvé&n 5%%?&1%5% ﬁh&% of

the structure In an active absor ased directl antenna w conmon
absor bers f an $fatenta vary tsachbeamtpattgrand r ecei vi ng ant ennae el enents
according to an enbodi nent of the invention; Figure 2b is a plan view of

the structurge of .Figure 2a: EFiqure,2¢c .,S a schenmati represent ati.on, of the
structure i ﬁ‘ecf raipg; eaa58§8P8_e%P§§é&?&|‘?&FFSﬂhlnvﬁnﬁ%%ﬁﬁeRﬁ 15h PTH Adent
absorber s f anhethotifor pduchisapiddelerniifed bRaeh Pafiernfol R tiBhaNRRtEAna,
according to a further enbodi nent of the invention; Figure 2d is a plan

vi ew of the COMRIiSinG thegsteps @fire 2c; Figure 3a is a beam pattern of a
di rectional antenna according to an enbodi ment of the invention conprising

active absorbers E;b% d?ﬁ’q ' Lregt Lo Eigu i

pattern of a dir ctl}ﬂona g'?‘gﬁtbgﬁljn@ogéc%cglg*anéﬁo&@%@%rrotuhgr5@{92@3@&@%@80 ! t he

i nventi on camntemnrsa,rapdacti ve absorbers having two directional beans; Figure

4a is a schematic diagramof the structure of a nulti-layer active absorber

according to an emhodi nent of the ipvention; and Figure 4b js a spectrumin
ﬁ?‘ * B%&q%\m

the frequency dorrdfithHI8 QNEQAriMore,gkpald Qne, or MG svespbsarpers, in

Figure 4a. an off state and an on state to produce a predetermined beam pattern.

A preferred embodiment of the present invention may be utilised, for example,
in positioning systems to change both beam direction and beam pattern
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 access 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:



5 Description of Preferred Enbodi nents Certain materials nmay absorb
.selectively input mcrowave energy by electrical neans. A device containing
such materials may be terned an active absorber. The npbst conmon structure
of an active absorber is a frequency selective surface (FSS) 1, and this
structure is shown in Figure la. The structure shown in Figure 1 a

conpri ses a nunber of specifically designed |oops 2 with tunable
surface-mount reactive |lunped el enent copponents 3 on a face 4 of the FSS
1. Although each of the conponents 3 has two el ectrodes 5, the el ectrodes
are connected in parallel. Thus, there are only two el ectrodes for the FSS
1. The band-stop frequency (notch frequency) of the FSS 1 may be changed by

varyi ng the hias yol.t age | i.ed,.bet wee he .t el ectrodes 5 of the FSS 1.
For exanpl e,ﬁglr'retk 'Bi%§°6§’?‘?hﬁé"@%rlaﬂb§?\ﬂtieaﬁw eapled HWERPRRY 3FivEne FSS
1, bias vol tagerper tunes the notch frequency of the FSS 1 at the center
frequency of the signal working spectrumso that the input signal energy to
t he absorber_may nostly be exhausted in the |oops 2. Hence, there is al nost
no signal erddd¢f PaissamgechivauigHhefeequency ilomain of tami activeratisdrber, of the

absor ber ab : i_h the working frequency range. This state of
the active Zgé%réﬁé‘pﬁﬁﬁg?%ggr@garded as "switched on". Bias voltage v2
shifts the notch frequency of the FSS 1 far fromthe working frequency
range. |n t HiguredZalista soherabtit cefgrbsémtation oif the striudturdm a9 aetivarabsorber-
absorption ithin the working frequency rang}%ththe majority of

f energy Wt , J
t he signal %?S?Hi%'%/%'ﬁaépﬁmqnnﬁawght gh aaserkgrsdion the teanismitding
absorber is gw ar. t ' r S 4PEjAg i N
the "switched ofr%'éé‘g;rh téa?I l@?%a%r e&%m%hﬁ?&%@g&?%oegﬁ uér}'ng?égtﬁﬁeerﬂf P Ece]f&%ncy
domai n of arineartione absorber of the type shown in Figure 1 a. It will be
seen that at certain voltages, the attenuation of the signal through the

active absordher i.§ inc sed. cqonsi der abl 6 as,the signal is absorbed by
the active ;ﬁ@%ﬁeb%% i_s arhfé@ Y'%Wﬁ@%sﬁg&w%m@ﬂuée, 2% in the spectrum of
Figure 1 b. In the swtched on state, at a bias voltage of vl, the notch 6

i's situated Rigarel 2c ksheseimsriatig régresestation offraesudtird incars pehimby¥ieert he
bi as voltagﬁ)ls cgﬁmge_d to v2, that is where the active absorber is in the

swi t ched of P38€dt direchanalotaHerna amith Jndeperedentic ahserherg ffeeqbeticytheange
f th L ; | b atEl
S and b shansfhifing? A HeBividy PATENRAS CUibmelS SEObIG PR 4nurti ™ o

accordi ng t embgdimeat obthednbentiorent of the invention. Two omi directional
antennae, one being a transmtter 10 and the other being a receiver 12, are

nmount ed one above, { he of her. on common axis. 14 and are separated al ong the
axis by an i@%"l’r f%i'seq B':?Qn‘f'e‘ﬂ@f%f ﬁtLﬁWEFHFeRf'(-S)IQUEFCl%?'Ve absorbers 18 are
nounted symmetrically around the conmon axis 14 of these antennae 10, 12. A

nunber M of Rifigreadhi & s lsanbepattet af & AMdcabRal @ﬁfeﬁﬁéera%chirﬁg i1 e

range of 1 to N, the remaining active absorbers 18 being switched on. The
si gnal ener @MPRAIMERL Of thenthventioniGoseprising iastivei Asarpersabaving awsingleer s 18
are sw t chedy;aff: ce the antenna beam pattern of both antennae 10, 12
is determ ngﬁgﬁofﬂgm’%ﬁ@ber of absorbers Mwhich are switched off. The
switched of f active absorbers 18 nmay be arranged adjacent to one another or
separ at ed byiguneudbds kampattéradofoa dirddtioaahlbaterivar acddrdinde e rzdifurthermn t he
beam pattern required. Jt shoul d be noted that, jn Figures 2a and 2b, the
omi - di rect ieé'h%ﬂq&f?‘ﬁaﬁs?i tther INeNiiRR CoRMIisig 13ctiyRy é?%ﬁ@’eéﬁehﬁ}”@éedwél ong
the sane verdireefibnaleamst- It is assumed that both the transmtter 10 and
receiver 12 antennae are horizontally polarised and hence energy | eakage

along the vertical axis 14 is very small. It is also assuned that the
i sol ator el EigiHe 48 e vichematic diegnami of dhe drustirer et @i outi-lyearaddiveae

wi |l block : : - Fl es 2c and 2d show
the struct u%ggékbegn%gggdé+§gd:-gﬁggg§} aﬁﬁ?ﬁ%ﬁg%ﬁ-‘v%ﬁl{o@nﬁﬁaaccordi ng to an
alternative preferred enbodi mrent of the invention in which the beam
patterns forFigure 4baissai speutrummdnr theefrequencyi onsdin naly abmutipriyep! ddie

i ndependent l#) éwo ?E‘II -directional antennae, one being a transmtter 20
and the ot h&PSBRRESPT e bips; o Fighee 4dunt ed one above the other on a
comon axi s 24 separated by an isolator el enent 26. Each antenna 20, 22 is
surrounded by a group of 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 may be determ ned by the nunber M of
absorbers 28, 29 which are switched off and their positions. The groups of
absorbers 28, 28 surrounding the transmtting and receiving antennae 20, 22
may be controlled i ndependently so that the beam patterns for the antennae

11" . o e o e o ~ o




ot her 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 fromone or nore adjacent active absorbers being
in the switched off state, the renmaining active absorbers) being in the
switched on state, thus producing a radiation pattern 30 having a single
main | obe. Figure 3b illustrates the beampatterns 32, 34 resulting from
two separated groups, each group having ®ne or nore adj acently | ocated
active absorbers in the switched off state with the renaining absorbers
being in the switched on state, thus producing a radiation pattern having
two main | obes. The antenna beam patterns 30, 32, 34 may be controlled in a
nunber of wdDescriptiorenfiPréferred Enfbodimeritangi ng t he nunber of active
absorbers 18, 28, 29 which are switched off in one direction, the beam

idth of th t.t 30, 32, 34 be . al t i t hout ch [ t he
di rection | YRR MAREAKATAY ebsart Seleeielp MR MRV STaGY bycleriERgl of
the active ﬁ‘ﬁé&ﬁ?erSAlaevigé’c&%aNHgCQu%hen%%jéggﬁﬁagf be teHheli®8R1 Adivehe

nunber of active absorbers which are swtche constant, the direction
i n whi ch t habseeri s Thei moshegommprbstrudture etian activéypbabrberiisg fréguenayber

and | ocatio f.fhe aetiv rbers,which are switched off, the diirection
and beam pa{l:tegerqlilvgos,u © &ﬁﬁia t?é‘d;F'l'%rng&wg‘ffﬁu'ﬁ 3’?\%’&@&1 'ggre H? i t-II S
desired to rediuatieashtmwn oW 15Nedmpisesta RGbEY oA d@écﬁwbn)ﬁrae'sagrféfdf a
nunber of active absorbers 18, 28, 29 sequentially. The sw tching-off

procedur e ne§ORfe 2aWith dunakle: suifacganpyat rRackivedumped: elemenh qompanenis Sched

of f and actiye r hy ou e | ' ' or bers
2 through ME g?#eéﬁgwbﬁﬁgg&%ﬁ; Lnd%atcrﬁu% %%%Ho%ggﬁg C%ﬂ%%ﬁﬂigtét ﬁsﬁﬂ N are
swi t ched on;elestrbdes B ctheveleatpsdashares conriduted i phitidilel. aThuswherhatk ehfy and
active absorbers 1 through n-1 and Mtn through N are switched on. If the
bandwi dt h oftWP e%tr@kﬁfO?W%E%SiB | arge, for exanple, an ultra w de band
(ULB) signal, a single layer active absorber as illustrated in Figure 1 a
may not be SRH dym i h@lqg,d,a [ ndher
prgferred eﬁﬁ?ms ar%%%e o?ﬁm§%%ﬁﬁgﬁé F?g’ abs ngrdﬁgﬁpégtb&?es of

varying the bias voltage applied between the two electrodes 5 of the FSS 1.

For example, if two bias voltage values 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 “switched on”.

Bias voltage v2 shifts the notch frequency of the FSS 1 far from the working
frequency range. In this condition, although there will still be some small
absorption of energy within the working frequency range, the majority of the
signal in this range will pass through 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



the type shown in Figure 4a may be used as the absorbers for |arge band

W dth signals in the systens of Figures 2a and 2c. The nulti-layer active
absorber structure 38 shown in Figure 4a conprises several single |ayer
active absorbers 40, 42, 44 which nay be superposed or 9 stacked

t oget her, 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 may absofb 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 systeminto
whi ch t he mdst ﬁhbegi@maldsabsermldsby ther activeuatisorieer. sThisdoshowatasda nbteh 60 f act

h h b 4 2 4 di ff f h
sizes of th SRehitn & e - B Sl o StHterat 2 Bl olage ot o
| ayer and thﬁl 'thélhéfchté‘% §lf®%@ﬁﬁwlﬁtﬂe%ﬂdﬁ©€ﬁeql§ Iysr?ﬁgegoftthﬁ étyg%yer

required. The bias vol tacges required may al So di m | ayer
For exanpl e:Whenthe biasaraitagelisighanged teevi2 tthat isovherebe dictige shsorbier ininbi as

bi as ol t agalo nugIERa i el Mnotone rald otrsigne BerTRERRALETpE el

frequenci es thé sgblent &y il ehergmqahseuhr&j hithe atBvE iabgofdeectrum Al though
t he radi o- power efficiency of the active absor ber - based directional antenna

accordi ng tg . an enfodi élgOf the present invention may not be as high as

that of a cdn9¥ies; ﬁaf’n ghaw dheeslrietHes Cﬁn?@nﬁlasorbﬁf'Ba’iS%d rditegtigpak t ant
in |ow radi ettt 1¢ ’t‘ﬁ'ﬁ e

frequency (%Ié? pOWea?M?OI‘ t? h&%gér@é’%}éﬁ%@ﬁ@?éf& [ota stltnrg\% pgwe-r
Figure 4b slidirestiohal Bnmm\aec)ormoéxemgjra dfansmitbért |10I apdr thectothver bbby lzer 38

f the t h t hat when th b b
Uayers) b, RSSNAG 13 SteNoRnIeH onepbbve 1he pINSTRLARSMISEN 245 14 ATKAT

swi tched on eﬂp@?ﬁed@]@ngf%ﬁé rBhs BYLHD le(dlﬁgﬁ%Werf]t‘l% f A 7unhisér No&f E&R}}
absor ber | ayer , occurs'wth wor ki ng frequency range
Thus, with aabemberen@rarenmbehedca‘ynanetmclaﬁy armme ¢dmementaixise 14vof kiesg

f he,.ab f
the mal 11 -1 i 1O 125 BTHERBSLM O fne BB SBiaterp (B sty t°g44tﬁe

central not q/ahéreerquermwhéqeng 8df RSN, ltRe rlamemmg%cuéa ab%rtiérblﬁe gdingof the
wor ki ng frequency range 46. By alterlng the bias voltage to the layers, for

exanpl e by dMtchgdialy or increasing the bias voltage, the central notch
frequenci es Fn may be noved either above or bel ow the working frequency
range 46 to t ﬁ-‘éﬂ?@t red
enbodi rrents.@ié %ﬁeégﬁé@gm%b ?e&’z]ggfﬁgvé '2&“%3’??" eHc I ona %tae%rhoggglst
and net hod of8 arecsvitihegl aff andech\enee thenadtenaarbeamt patterrf of bethdintemiaeond,

t i ich th t beam di t t d kl
Comoarad vt EhRSimingH Ry RehinbSTH hhotaerei wych cre shishad @t sdeonal
antenna. FurdyiRhea"d% aawéowsd’rseﬁsm@ ﬁ@éfeﬁgea%ﬁad@mo %@Ft%tﬁ&vﬁnt' on,

the beam pattern nay also be altered very quic I exi bl'y conpared
wi t h conventsepasteddiyhaasmbalr o swatnhedlpevaaabeoobetg 18p dependihgrarethe

enbodi nent enti is smaller and nore econom cal than a

conventi onalcgezgﬁgﬁhg%'% yGSEamform ng system Enbodi ments of the present
invention may be utilised in positioning systenms to change both beam
direction antishedthbeahstedrthat, exiFfiduresd and Dbl the Bhmi-aR¥ctishdl tiadshhitter
directional jnformtion nay be acquired to enhance accurate positioning

capabi lity. 14 and r?ﬁ%‘f%r"r?e@t@ﬁﬂ%haﬁ%ﬁi@eéfawmﬂzthen%@ﬁ?l‘@ﬁt@ﬁi@x@sﬁ stlt isn

d d if f t 14
[ ntert orencemspmedl (el bAli>uld Saherker, B8] AfOLI8RYET G difufed caRse
nodi f i cat i orwrizontatly pmaxmiadmm\d hentetelmergw Ieadxagelam@themedeabambem mbove
may be made. For her co ent and neth steps may be added or
subst i t ut ed E¥ W\%E étb@v@ SOTRRRUM 'H%tugl‘? {S0datph ?thﬁa%etkﬁ@@ﬁ
descri bed aRRHRmIAENA0PaRM! eéeivier ST UNERHES will Yok Al ePBRgAicalRies! bl e

within the scope of the clains, as will be clear to the skil reader,
Wi t hout depdetwagntherm the spirit and scope of the invention.



11 Cdains: 1. Adirectional antenna system having a beam pattern for
.ccontrolling directional sensitivity of said directional antenna system the
di rectional antenna system conprising: an omi-directional antenna, and one
or nore nunber of 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 swtchable between an off state and
an on state to vary said beampattern. 27 The directional antenna system
according to claiml1l, wherein the one or nore active absorbers are arranged
around a longitudinal axis of said omi-directional antenna. 3. The
directional antenna system of any one of clains 1 or 2, wherein the

omi - di r ect iFdguresadc eamch 20 rghovs dbe astructnsriaft an  alvearbeabaged Tdiectional

directional antenna system of a one of ¢l ai r 2 rein the .
ormi - di r ect ia&t.%rpnaaﬁ%%ﬁg\gcnﬁ?@p iai}é@aé'vﬁéﬁgf%@m%’ﬁkgaH‘&?ﬁtSOm%ﬁé"ﬁ?rPt@@t onal
ant enna systeHItiRGRO HEany pdalteAity foIhieOlrafritid® ahdOfectivet@itehRad May be
omi -directional antenna conprises a transnmtter antenna and a receiver

antenna, ead®nypliediindependsntlyt er Twa eewidirectional cantennaewiong heing a
associ at ed T | Lect | | t accarding to
CoS0e 2t e RRRRABA 20 Angon Her b ARy LR N BHET A B o
arranged adjotsenbnt @ curemoROAKiS’ 24 eiparated OHYRIM wolstoRerBAt 2BACEhchl ong
said common axi s b¥ an_insul ator el enent. 12
antenna 20, 22 is surrounded by a group of active absorbers 28, 29, and the
two groups of active absorbers 28, 29 are isolated from each other. The
antenna beam pattern of both antennae 20, 22 may be determined by the
number M of 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 number of beam patterns 30, 32, 34 which may
be obtained from the directional antennae of Figures 2a 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 patterns 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:



7. The directional antenna system according to claim®6, wherein said one or
.nore active absorbers are common to said transmitter antenna and said

recei ver antenna for controlling sinultaneously the beam patterns
associated with said receiver and transmtter antennae. 8. The directional
antenna system according to claim®6, wherein a first nunber of said one or
nore active absorbers are arranged around said transmtter antenna and a
second nunber of said one or nore active®absorbers are arranged around said
recei ver antenna for controlling independently the beam patterns associ at ed
with said receiver and transmtter antennae. 9. The directional antenna
system according to any one of the preceding clains, wherein said beam
pattern of said. diy ebangingl thenhembersyfseting absotbers1& 2§, 29i whithngresai d
one or nore actiyve absarbers on and off, in a.seq ce. 10. Eh directional
ant enna syst emsa’HEB?%Pﬁd"to&eéﬁgﬁcﬁﬂe’ @‘P beatn r‘Pﬂat% ‘?fce)t 8 pafisdr 8 nggaéﬁl MRYam
pattern of sai gediifersd WithalLit HEMRYMIRHH GitédTionSn AHIEK B Sedtv i$ Wirkefeigng sai d
active absorbers on and off in a sequence, wherein said sequence determ nes
a range of radiation patterns obtainable, said range of radiation patterns

havi ng one or Horky ghangingbes lacatinng &f the) astiveaabserbars #8281t 20 hichvareyi ng

sensitivity of I I LeChi I { T prectional _antenna
syst em accor di ﬁé’ﬂ @ecgné/f?’ohgpo epﬁ@ g?é;g%%ﬁﬁére@a%%g %ﬁgggﬁeﬁgs\gﬁ'gﬁbaﬁem
pattern of sai @witthed offocaistat] ehendiregtisrein Wakhathedsedra i pethtipgamayisy h,
and wherein sai ftleone or, nore active absorbers conprise neans for altering

r -
sai d beam wi dt B Wﬁ’eraé‘idnb\éﬁ?t&r'ﬁﬂéhg fusRbey ard jlogation; of Heaastiegabserbels i ses
means for varyie rpal=1y t S iN
predeterm ned dir eﬁctgfeoﬁwso adsB?bﬁ%hgﬁég\céﬁph%(ﬁgéénmsﬁfﬁhﬁpg‘{g' c?4 m%y be
predet er m ned ditersct sipnultaneddslg;2. The directional antenna system accordi ng
to any one of the preceding clains, wherein said one or nore active
absorbers conptisg.neans for alterjng the directiop.in which said
di rectional an en'ﬁét 1% dgs??%%t@d,oeigg % ReaRY F’S?maﬁ‘ﬁbsr Mmay PSrTﬁ?ri‘@V?@ BYeans
for varying a @mdﬁuhgrdsrr BesLrABEe6f AGvePAbSEHhErONS, 28, PBSBqABATIME. bR bers
which are in said off state. 13. The directional antenna system accordi ng
to any one of &Wirhingoff pragedureemaiyrbes aisdolbush pattern of said directional
antenna systemis alterable by switching said active absorbers on and off

in a sequence, wherei i.d | : i S er. S
through Min the svm%t a}%ﬁbo??%ﬁ%?%%aﬁg@grf\ﬁ ggesosr%ﬁ%acb\éal\ﬁ? ?haoééﬁh‘;ﬁu in
the swi tched on st atbsotbersitvibralgtoNEreswitchbdangh Mkl in the switched
off state and active absorbers 1 and M+2 through N in the switched on
state; and c. active absorbers t hroygh Mrn-1 are in the swtched off
state and active abSorHelE ?LF’?Q{BS.[FQI? -?ug'hg\ﬂlt/ﬂ-naﬁenﬂyﬂ%e%og%@ngna?%
switched on state. Hfisorbefs 4idrRCii+2MRIoLAIN BRR ﬁMélﬁ%‘dTbﬁPér‘?& ding to any one
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absorbers conprise a plurality of single |layer active absorbers, each |ayer
being tunable to a @i fa@wembsmquendgrqughh nal @re dawitohedneff andh Retive
frequency band wi dt . h Qr_ pr i redet erm ned beam
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pattern for a directional anten

If the bandwidth of the signal in use is large, for example, an ultra wide band
(UWB) signal, a single layer active 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 comprises
several single layer active absorbers 40, 42, 44 which may be superposed or



positioning one or nore active absorbers around an omi -directional
.antenna, and 14 switching one or nore of said one or nore active
absorbers between an off state and an on state to produce a predeterm ned
beam pattern. 16. The nmethod according to claim 15, wherein the step of
positioning conprises positioning said one or nore active absorbers around
a longitudinal axis of said omi-directional antenna. 17. The net hod
according to claim 16, further conprising positioning a transmtter antenna
and a receiver antenna adjacent to one anhot her about a common axis and
spaced al ong said common axis by an insulator elenent, wherein said

omi -directional antenna conprises said transmtter antenna and said

recei ver antenna. 18. The net hod accordingﬁto claim17, wherein said

recei ver antdagredatagethgrd each ahsorber, layat 4An42e44rbeing dunad de s differeat beam
pattern, an red 1 i t ghe [ e of
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beam pat t er rfer are gaErbbbthensighakspettret @indemagrabsoriatiserisigral eaetg@nmatheby
switching the state of, sajd one, or rTQ||:e active absorbers comon to said
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nunber of said one or nore active absorbers aroun ransm tt'er antenna
and posi ti orthegignal espectrumuiohd¢he afirectionaloartenna rayster dhiov evhidhs theb eudti-ar ound

said receiver antenna,for, controlling i ndependently the beam patterns
associ at ed 3?3{‘%[ s qbéeg?%e?mgﬁﬁeﬁgwgmqrg&fantennae. 20. The net hod
according to any one of clainms 15 to 19, further conprising rotating said

beam patt er Dd ®aifdctdith&ctth@nabsGBbeNAgeRy 40N Ughigy sl duFingi WffeRbsor ber s
on and off in a seguence. 15 21. The nethod according to any one of

claims 15 t dremyiencigs; the szefithe deors a&quqi@tegauig\ sagniauartwill dider &amd
cequence, wiareh © BYerahd i Mt e Hedukhcf 15 ebiida e Binabt tldidbe,

obt ai nabl e, requided.arfe biasnaitages eequirsd mayalswdifey frone|ayer @l efmi Fod obes
each having an aci%gstabl e wwdth for varying sensitivity of said directional
antenna. 22.8¥PA¥'®et hod according to any one of clains 15 to 21, wherein

said beam pattern of said directional antenna has an associ ated beam wi dt h,

and sai d nmetihgbré Hré e layePTRhER ithE &F%ﬁbbﬁ@né@mﬁtgﬁ%\’gs dé]t sVrﬁé%ib'ég the

nunber of active absorbérs swtched o I'n a predetermne I'rection so as
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according ta cl ai 15 1.0 further. conpri.sin ltering the
direction i rgeweccﬁ%ga%l’di'r’e%’oﬁ?aihaﬁﬁﬁ%r{ﬁaoﬁ‘%n e r]é’éeso?g\?ﬁrlw?f& %re
predet er m netdn@@batbimewérkﬁ@ gbem@m)_r nore active absorbers which are in
said off state. 24. The method according to any one of clainms 15 to 20,

further conpyisin | terjng said _beampattern of said directional antenna
by switchi g&lmu(g?\a@pi Rﬁglo-gower efﬂmencypof the active absorber-based directional

antenna according to an embodiment 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 f40, f42, f44 for each absorber layer 40, 42, 44
occurs within the working frequency 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



absorbers on and off according to the follow ng sequence: a. sw tching
.active absorbers 1 through Mto the switched off state and swi tching active
absorbers M+l through N to the switched on state; b. switching active
absorbers 2 through Mtl to the switched off state and swi tching active
absorbers 1 and M+2 through Nto the swtched on state; and c. sw tching
active absorbers n through Mtn-1 to the switched off state and sw tching
active absorbers 1 through n-1 and Mtn f%%ough Nto the switched on state.
16 25. The nethod according to any one of clains 15 to 24, further
conprising form ng one or nore of said one or nore active absorbers of a
plurality of single |layer active absorbers, each |ayer being tunable to a

di fferent frarglianhby switdhed off ptatdeties centedl mhifm&qmg?jggwch?tgbdﬁbéh h.
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{vql gb\ W c] oslipga] the cehtral cwldulfeauentiea] Eajray dzd cadven] either above or
below the working frequency range 46 to allow the signal to pass

unattenuated.

In summary, preferred embodiments of the present invention provide a
directional antenna system and method of producing a predetermined beam
pattern for a directional antenna in which both the beam direction may be
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 beam 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 multiple

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 may
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.
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one or more number of active absorbers, wherein said one or more
active absorbers are arranged around 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 according to claim 1, wherein the one
or more active absorbers are arranged around a longitudinal axis of said

omni-directional antenna.

3. The directional antenna system of any one of claims 1 or 2, wherein
the omni-directional antenna comprises a transmitter antenna.

4, The directional antenna system of any one of claims 1 or 2, wherein
the omni-directional antenna comprises a receiver antenna.

5. The directional antenna system according to any one of claims 1 or 2,
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.

6. The directional antenna system according to claim 5, 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.
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7. The directional antenna system according to claim 6, 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.

8. The directional antenna system according to claim 6, wherein a first
number of said one or more active absorbers are arranged around said
transmitter antenna and a second number of said one or more active
absorbers are arranged around said receiver antenna for controlling
independently the beam patterns associated with said receiver and transmitter
antennae.

9. The directional antenna system according to any one of the preceding
claims, wherein said beam pattern of said directional antenna system is
rotatable by switching said one or more active absorbers on and off in a
sequence.

10.  The directional antenna system according to any one of claims 1 to 8,
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.

11.  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 wherein said one or more active absorbers
comprise means for altering said beam width, wherein said means for altering
said beam width comprises means for varying the number of active absorbers
switched off in a predetermined direction so as to change the beam width in
said predetermined direction.
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12.  The directional antenna system according to any one of the preceding
claims, wherein said one or more 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.

13.  The directional antenna system according to any one of claims 1 to 8,
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 comprises:

a. active absorbers 1 through M in the switched off state and active
absorbers M+1 through N in the switched on state;

b. active absorbers 2 through M+1 in the switched off state and
active absorbers 1 and M+2 through N in the switched 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.

14.  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.

15. A method for producing a predetermined beam pattern for a directional
antenna, comprising the steps of:

positioning one or more active absorbers around an omni-directional
antenna, and
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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.

16.  The method according to claim 15, wherein the step of positioning
comprises positioning said one or more active absorbers around a longitudinal

axis of said omni-directional antenna.

17.  The method according to claim 16, 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,
wherein said omni-directional antenna comprises said transmitter antenna
and said receiver antenna.

18.  The method according to claim 17, wherein said receiver antenna and
said transmitter antenna each have an associated beam pattern, and wherein
the step of switching the states of one or more of said one or more active
absorbers comprises controlling simultaneously the beam patterns associated
with said receiver and transmitter antennae by switching the state of said one
or more active absorbers common to said transmitter antenna and said
receiver antenna.

19.  The method according to claim 17, 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.

20.  The method according to any one of claims 15 to 19, further comprising
rotating said beam pattern of said directional antenna by switching said active

absorbers on and off in a sequence.
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21.  The method according to any one of claims 15 to 19, further comprising
altering said beam pattern of said direction antenna 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.

22. The method according to any one of claims 15 to 21, 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
number of active absorbers switched off in a predetermined direction so as to
change the beam width in said predetermined direction.

23.  The method according to any one of claims 15 to 22, further comprising
altering the direction in which said directional antenna is directed by varying a
predetermined selection of said one or more active absorbers which are in
said off state.

24.  The method according to any one of claims 15 to 20, 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 absorbers M+1 through N to the switched on state;

b. switching active absorbers 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.
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frequency within a predetermined working frequency band width.



