WO 2006/057000 PCT/IL2005/001272 PHASED ARRAY PLANAR ANTENNA FOR TRACKING A
MOVING TARGET AND TRACKING METHOD FIELD OF THE INVENTION This invention relates to
phased array antennas and planar antennas and more specifically to phased array antennas of the
kind suitable teybeqmasptesl onto moving platforms e.g. aircrafts, ships, carsgigonsigad-or satellite 5
communication, or for tracking moving targets. BACKGROUND OF THE INVENTION Nowadays,
many moving platforms (e.g. aircrafts, ships, cars, etc.) are required to have satellite communication
capabilities. One exemplary requirement relates to an entertainment system for offering passengers
with e.g. 10 internet access, live television broadcast and the like. During motion, the moving platform

(e.q. the aircraft) is gpgagedJn, cammunication witha partisarnsateiite, racking it,across the sky until
it disappears over thexbprizoRzamshprior to its disappearance establishes communication with another
satellite. Therefore, antennas on-board the moving 15 platforms are typically equipped with suitable
positioning and tracking systems. US Patent No. 5,796,370 discloses a dual polarization antenna for
direct broadcast satellites. The antenna is orientable, directional and capable of use as a transmit
and/or receive antenna. It includes at least one reflector, at least one source of electromagnetic
radiation including means for exciting the source with 20 two orthogonal linear polarizations and a

mechanical sység% %?%Wa g the source and the reflector. The orientation of the
antenna is mad p and rotation about a preferred direction of propagation of the
radiation and the mechigRical Systam-eaablesHichd ARHE MBI keRRINGMe satieiixed WO
2006/057000 PCT/L2005/001272 -2 so conserving the orientation of the orthogonal linear

polarization. A préfsrscHiRpbuitndrestdratarteriammifc e pahpuietisain Perfecehd a

hyperbolic auxiligagy reflestas i@}@t%egdr%i_n geaelry sald thearsechanicat ysimsenaiies rotation
of both reflectors about the preferred direction of radiation and holds the
communication, or for tracking moving targets.

BACKGROUND OF THE INVENTION

Nowadays, many moving platforms (e.g. aircrafts, ships, cars, etc.) are
required 1o have satellite communication capabilities. One exemplary
requirement relates to an entertainment system for offering passengers with e.g.

10 internet access, live television broadcast and the like.

During motion, the moving platform (e.g. the aircraft) is engaged in
communication with a particular satellite, tracking it across the sky until it
disappears over the horizon, and prior to its disappearance establishes
communication with another satellite. Therefore, antennas on-board the moving

15 platforms are typically equipped with suitable positioning and tracking systems.

US Patent No. 5,796,370 discloses a dual polarization antenna for direct
broadcast satellites. The antenna is orientable, directional and capable of use as a
transmit and/or receive antenna. It includes at least one reflector, at least one
source of electromagnetic radiation including means for exciting the source with

20 two orthogonal linear polarizations and a mechanical system for positioning and
holding the source and the reflector. The orientation of the antenna is made up of
| depointing and rotation about a preferred direction of propagation of the radiation

and the mechanical system enables such rotation while keeping the source fixed,



5'source fixed to conserve the orthogonal linear polarization axes of the beam. Applications include
radar, direct broadcast satellites and telecommunications employing frequency re-use by polarization
diversity, especially advantageous in space and airborne applications. US Patent No. 6,034,634
discloses an inggpansivedoigh gain antenna for 10 use on terminals commnieasia@osith low earth
orbit (LEO) satellites which include an elevation table mounted for accurate movement about a
transverse axis on an azimuth turntable mounted for rotational movement about a central axis. A
plurality of antenna elements forming a phased array antenna is mounted on the top of the elevation

table and have ascansptaig; Wikcbrisaiaiebfaianerito gxiahdissarqighihgitianaverskaxis of the
elevation table. Ths atenna may be both mechanicall aé]d electric%lly scanned and is ysed to
perform handoffEIrSITEHE PEBSaRRA D ahERict B%% HiOAHY TRESSI AR BBREOefie antenna

with its bore sightifilagirettiemintermedisierthe dasnaatellited andmithihracanPlanepldhe antenna
passing through both satﬂl)it s. At the moment of handoff, 20 the antenna heam is electronically
e e hy!

scanned from oh&&KiRifite RECEiAvSUt BRPIS SLSRATUAREHSR BRAiAG Fidisrocess. US
Patent No. 6,034064 diseldgesqasliceetional harpoantenneddkeitanabnnsleses an-amignna

supporting member which is supported.on g base in such a manner as to pe rotatable about a first
rotational axis; a%pghféﬂﬁﬁsp&?ﬁqoﬁvmgﬁris%gu bo&‘{-jgﬂsbﬁ%ﬁ‘?@‘éﬁ&?ﬁa@@ﬁﬁ%ﬁfﬁlmgﬁiﬁer in such a

manner as to bergibieile faboehaysecondoiolianaliisiiicitys apmpenticidosdagpantgnna
aperture and is inclined at%flrst %riﬂe with respect to the first rotational axis, the direction of an
antenna beam bqé’ﬁ’?& ﬁﬂ'ﬂiﬁ]é CaE& W&%ﬁgle with respect to the second rotational axis; a first

driving unit for rotatingt IReParienia SeRoERY dember 30 rlaptibe dinskiotaionakais wth respect to
the base; gnd a second driving unit WO 2006/0570@0 PCT/IL200 /001%@ -3 for. rotating the antenna
portion abdut thESEeLRATTREHS ne BRI PEs At 19 th&aRtetiRY SUbPOrSAG HHEMBAKCA directional

beam controllingnahpiaratus sy providedenvitmeantioling uait fatconitallingan elevatios-angle of the
Rl e A o e L A e R s A
axis. A phurality of antenna elements forming a phased array antenna is mounted
on the top of the elevation table and have a scan plane which is parallel to and
15 .extends through the transverse axis of the elevation table, The antenna may be
both mechanically and electrically scanned and is used to perform handoffs from
one LEO satellite to another by positioning the elevation table of the antenna
with its bore sight in a direction intermediate the two satellites and with the scan
plane of the antenna passing through both satellites. At the moment of handoff,
20 the antenna beam is electronically scanned from one satellite to another without
any loss in data communication during the process.
US Patent No. 6,034,643 discloses a directional beam antenna device that
includes an antenna supporting_' member which 1s supported on a base in such a
manner as to be rotatable about a first rotational axis; an antenna portion which is
25  supported on the antenna supporting member in such a manner as to be rotatable
about a second rotational axis which is perpendicular to an antenna aperture and -
1s inclined at a first angle with respect to the first rotational axis, the direction of
an antenna beam being inclined at a second angle with respect to the second
rotational axis; a first driving unit for rotating the antenna supporting member

30 about the first rotational axis with respect to the base; and a second driving unit



5'portion with respect to the antenna supporting member, and for controlling an azimuth angle of the
antenna beam to a target value.by causing the first driving unit to rotate the antenna supporting
member with respect to the base. PCT Application No. W02004/075339 discloses a low profile
receiving andsgptigrauting antenna that includes an array of antenna eleragnisobat 240 collect and
focuses millimeter wave or other radiation. The antenna elements are physically configured so that
radiation at a tuning wavelength impinging on the antenma at a particular angle of incidence is
collected by the elements and focused in-phase. Two or more mechanical rotators may be disposed
to alter the anglotinaidgnte ehingenyogion abtgaity raciatidndatioatthilie paticedpectmangle of

incidence. Also relating to positioning of satellite communicatign antennas on-board moving platforms

are US Patent NOS. B30 PP RO IRRo 5o 1 AL St Ba 2B PR PR R B,

polarization of apipeatedoldtized sagislinguerméy bemptdlied A0dsvthsignglepaSsesatheangh any

anomalies (such as Faraday rotati nfzcbn the ipnosphere. Furthermore, due to thzﬁ%osition of the Earth
|

with respect to tHE* a2 it gRoIAet CYifRERE ?n%le)?%?ydaﬂfénﬁ) FRILE0 S WHEC ST B ween the
satellite andsthe gaivnunigatipgstationi(e. gntaitesadtfpoed reiatiemtetc. ind Hereforepttiagt geostationary

satellites operate with circular polarization, as 25 circular polarjzation will keep the signal constant
egardioss of e ABBYB- AR Corh AHETRA B B RO R SR SN U fimoer
polarization. In lingar@iate ditomanmsaligomientatpoblarizationspbda dagrées:. will degrade the signal
up to 3 dB and if misaligned 90 degrees, th uafi be 20 dB or more. Furthermore,
polarization purity is relg@}feéqﬂ}l%#‘ﬁﬁeﬁ?&t%ﬁé@é@%oﬁoalggk%ﬁﬁf.’eacgmvn%ﬁggtfgﬁF”’Fﬁle%'efore,
on-board antenna¥{@ 2Q06QEROARERALPAOSHINIRE2 and sysiels fateomralanieatiothatth a

tellite using li larjzati t id larization tracking. Furth , on-board ant
systems fof oViHGCHIAATSE WS (BUITLE™ B RTNEly S 408 RGBT BrO Clameter

and height) in orglersteally configured so that radiation at a tuning wavelength impinging on the
antenna at a particular angle of incidence is collected by the elements and
focused in-phase. Two or more mechanical rotators may be disposed to alter the
angle of incidence of incoming or outgoing radiation to match the particular
15 angle of incidence.

Also relating to positioning of satellite communication antennas on-board
moving platforms are US Patent Nos. 6,400,315, 6,218,999, 6,741,841,

6,356,239, and 6,751,801.
As is known, polarization of a linear polarized radio wave may be rotated
20 as the signal passes through any anomalies (such as Faraday rotation) in the
ionosphere. Furthermore, due to the position of the Earth with respect to the
satellite, geometric differences may vary due to relative movements between the
satellite and the communicating station (e.g. aircraft, fixed station. etc.).
Therefore, most geostationary satellites operate with circular polarization, as
25  circular polarization will keep the signal constant regardless of the above-
mentioned anomalies. However, some geostationary satellites use linear
polarization. In linear polarization, a misalignment of polarization of 45 degrees
will degréde the signal up to 3 dB and if misaligned 90 degrees, the attenuation
can be 20 dB or more. Furthermore, polarization purity is required by

30 international regulation of satellite communication. Therefore, on-board antenna -



5'adapt'to the overall design and specifically the aerodynamic design of the moving platform.
However, polarization tracking typically requires a considerable antenna size, for compensating for
losses of signal strength involved in polarization tracking. There is a need in the art for an improved
antenna that pipyisiReedfdaositioning capabilities as well as polarization tragkifigfapaRtities. There is
a further need in the art for an improved antenna suitable for use on board moving platforms and
specifically airborne platforms and aircrafts, which is re_Iquyer small and has low profile (e.g. diameter
of about 90cm or less). 15 SUMMARY OF THE INVENTION According to one embodiment, the

present inventiong{gﬁgi%rf%gxmgﬁ%@Oﬁrr@ytgrgemélwmg@\qm &gﬂgg@gtql@eglqgorm _for

tracking a target ‘moving relatively to the platform, comprising: - a first planar active subsystem
operable for recergvigierpPIsnveiiag MCRBRF signal of a certain linear polarization direction and for

selectively performingelagiignicescanning »a886005k ol PRGN Saupleaia saidartye

subsystem and operable for rotational movement of said active subsystem about a first axis
perpendicular tot plasladedinednsll saitdzsiandrlaetivensabsy sthameter aadirichdleiviatiirsishsystem
coupled to said saggnd, rgll.sybsysiemand Ipq {puthanimyil sHbSYsiam; Saidiagimihyaubsystem
defining a' central a@g{i]s %ft e antenna s%gm andeging og;rable for groyiéling r(%gt[onal movement of
the first planar stissyBgenphbsunthedevweatraxiey iz dionati sdipey stepicbingreanliguretl to provide

a certain WO 2006(057000. RETA2005/001 272 <5 gk asBlien S WeER:Saifllvag defined by

said active subsystem and a plane defined by the azimuth subsystem, thereby allowing positioning
said first planar dchotegeiisysierakivih respect to said target such that said linear polarization direction

is substantially alignedwith. 5.a lingarpelarization de?CQH”iﬂfﬂ?‘é:véﬁd%@ﬂnrae%ﬁfe&%ﬂ{% transmitted
by the target. The term "planar' is used hereinafter to denote a planar or a substantially
10 positioning capabilities as well as polarization tracking capabilities. There is a
further need in the art for an improved antenna suitable for use on board moving
platforms and specifically airborne platforms and aircrafts, which is relatively

small and has low profile (e.g. diameter of about 90cm or less).

15 SUMMARY OF THE INVENTION

According to one embodiment, the present invention provides for a phased
array antenna system accommodating onto a platform for tracking a target
moving relatively to the platform, comprising:

- a first planar active subsystem operable for receiving/transmitting an

20 RF signal of a certain linear polarization direction and for selectively
performing electronic scanning;

- asecond, roll subsystem coupled to said active subsystem and operable
for rotational movement of said active subsystem about a first axis
perpendicular to a plane defined by said planar active subsystem;

25 - athird, elevation subsystem coupled to said second, roll subsystem and
to a fourth azimuth subsystem, said azimuth subsystem defining a
central axis of the antenna system and being operable for providing
rotational movement of the first planar subsystem about the central

axis, the elevation subsystem being configured to provide a certain



planar activesubsystem. According to another embodiment, the above-mentioned first, second and
fourth subsystems are coupled to a common control system configured to operate 10 said first,
second and fourth subsystems in synchronization. According to yet another embodiment, the common
control subsysteoneamising: - a Central Processing Unit (CPU); - a memonyieaspiedto the CPU; - a
data input module coupled to said CPU and connectable to data 15 systems of said platform, for
inputting data relating to the relative position of said platfonn with respect to said target; and - a
positioning and polarization tracking module coupled to the CPU and configured for operating said

first, second and fourth subsysiemsrcAGERISINGLIQ anpthaiephadimesindhe yﬁirqa;@ie\é@ggg subsystem
being 20. configured to provide a controllably changeable angular orientation between the plane

defined by the active subsy&iticanand giak e dafiaabobxrocaHmih sisys®m. According to yet
another embodifgrlh INgIBWTHE b SRR 04; 6 fiurthereeniigneddansenaling dgaperation of said

third, elevation subsystem, thereby allowing selective a?#fstment of said scanning cone. 25 According

to another embotithEHE R rdaenmaid dnsaPpleiratistdlizechfativ aupianiiaty g igned atithe target

with a phased arayMBORRSHIAT;RRYIPE & RIRNaAaGHHE SMPsYSIen /BNE ARGoRIBedatiag onto a
platform moving relatively to the target, the method comprising: (i) receiving/transmitting an RF signal

of a certain linedAEStarlZ&iSH30aRaTHs RS oetB/by 7S08ePLiT AL BOm) 00 REP st R e ceiving
and storing datageaardingdhe,pgsitign and polarization of the target and the antenna system,
constituting position and polarization data; (iii) in response to said position and polarization data,

having the.active 5 sub$ySTaMSKISRNRE SEREAMTG ahit ahP TSR b fsthestabatda central
axis of the antengaysi®iysteth{ RGN RIONEMLEABRWAro! system configured to operate

10 said first, second and fourth subsystems in synchronization. According to yet
another embodiment, the common control subsystem comprising:
- a Central Processing Unit (CPU);
- amemory coupied to the CPU,
- a data input module coupled to said CPU and connectable to data
15 systems of said platform, for inputting data relating to the relative
position of said platform with respect to said target; and
- a positioning and polarization tracking module coupled to the CPU and
configured for operating said first, second and fourth subsystems.
According to another embodiment, the third, elevation subsystem being
20. configured to provide a controllably changeable angular drienta%ion between the
plane defined by the active subsystem and a plane defined by the azimuth
subsystem. According to yet another embodiment, the common control unit is
further configured for controlling the operation of said third, elevation
sﬁbsystem, thereby allowing selective adjustment of said scanning cone.
25 According to ‘another embodiment, the present invention provides for a
method for tracking at least one target with a phased array antenna system having
a planar active subsystem and accommodating onto a platform moving relatively
to the target, the method comprising:
(i) receiving/transmitting an RF signal of a certain linear polarization

30 direction;



first axis perpendicular to a plane defined by the planar active subsystem, and electronic scanning;
thereby allowing positioning said planar active subsystem with respect to said 10 target such that said
linear polarization direction is aligned with a linear polarization direction of RF radiation received

and/or transmisiethiyad-MRgst one moving target. According to another erpbegimpathotae; present
invention provides for a phased array antenna system accommodating onto a platform for tracking a

target 15 moving relatively to the platform comprising: - a first planar active subsystem operable for
receiving/transmitting an RF signal of a certain linear polarization direction and for selectively

performing electronic SGaRNING; A SRR SUPREIRM SOHP!BEia SpigACHYR SHRRYSIEM and

operable 20 for rotational moverment of said active subsystem about a first axis perpendicular to a
plane defined by said plafks aetiget subsybidhs; -28GHIRE, SEVaNbn SUBSBtEE deriplise te8aid second,
roll subsystem and to a fayrth: azimu subsystem, said azimuth subsystem defining a central axis of
the antenna system and being operable for providing 25 rotational movement of the first planar

subsystem about the détitral imgespemscelevatfbposiibay stehpolarieptionfigirebadng ddsaveertain

angular oriegtation betwegihsoittlapg.defited B saltacie YRR AR ERIEREglined by the
azimuth subsystem.. WO 2006/057000 PCT/IL2005/001272 -7 According to another embodiment, the

present invention provided fsntial axiephiheystennacosiemogatirgasiorrhiprtstenttebadcking a target
moving relatively to the p}ﬂgpr&isc%’g@réﬁm%&ﬁr&; g‘{aggn@ctgéﬁﬁg@swtﬁ% 088%?'%&9%

receiving/transmitting an 5 RF signal of a certain linear polarization diréction; a second, roll subsystem
coupled to said active sulsspsistarantieséseibaissepstaishal movement of said active subsystem

about a first axis;PRIRCAFIGVIAL IRiRRISN RS MM S PlABRSISINE SHBSYSIER: to said
10 target such that said linear polarization direction is aligned with a linear
polarization direction of RF radiation received and/or transmitted by at least one
moving target.
| According to another embodiment, the present invention provides for a
phased array antenna system accommodating onto a platform for tracking a target
15  moving relatively to the platform comprising:
- a first planar active subsystem operable for receiving/transmitting an
RF signal of a certain linear polarization direction and for selectively
performing electronic scanning;
- asecond, roll subsystem coupled to said active subsystemn and operable
20 for rotational movement of said active subsystem about a first axis
perpendicular to a plane defined by said planar active subsystem;
- athird, elevation subsystem coupled to said second, roll subsystem and
to a fourth azimuth subsystem, said azimuth subsystem defining a
central axis of the antenna system and being operable for providing
25 rotational movement of the first planar subsystem about the central
axis, the elevation subsystem being configured to provide a certain
angular orientation between said plane defined by said active

subsystem and a plane defined by the azimuth subsystem.



a third, elevation subsystem coupled to said second, roll subsystem and 10 to a fourth azimuth
subsystem, said azimuth subsystem defining a central axis of the antenna system and being operable
for providing rotational movement of the first planar subsystem about the central axis, the elevation
subsystem beigg,canfigdsgs to provide an adjustable angular orientation {i-2,1angdeqef £2;90 between
said plane defined by 15 said active subsystem and a plane defined by the azimuth subsystem,
thereby allowing positioning said first planar active subsystem with respect to said target such that
said linear polarization direction is substantially aligned with a linear polarization direction, of RF

radiation received and/grcsedismigeshbihehentaras 20, Assqrdinadoehanathrnesbagingnt, the
present invention provides for a method for tracking at least one target with an antenna system

accommodating?BHtE % HISEBHASRIMRL ALREVIKAG tREER TR Und RENRG & HiEsRiraeting

subsystem, the ralgthedscenipisindoth reseivingdgansmitting an RF signal of a certain linear
polarization 25 direction; (ii) receiving and storing data regardir;%)éhe position and polarization of the

target and the antenna systeF, BERAGRATG SYERIGHEIhAP PRI A TS A SRR Ri&ie &8 to said

position ang polarization gatai hayipoatbeaaivaesopasyaiemaeiasdyely performing azimuth
rotational movement about WO 2006/057000 PCT/IL2005/001272 -8 a central axis of the antenna

system, roll rotational mofeiERCaBBLIR LR AP AGRIHIAT RECS phaHE YR AEP B #RE planar

active subsystem, and setgctivabioadiusineHaarapgulan arentation iR RHanesu0hk 0729 hefyeen the
plane defined by the active subsystem and the 5 plane defined by the azimuth subsystem, thereby

allowing positioning said BRRSIEHR QbelAte A iRy said R actig v atKscat said linear
polarization direction is aliggm@,vgmv@iﬁjﬂes@bsggimm@@@M@E&{a;ﬂgﬁm}@gg{\@q and/or

transmitted by at least one ) ) X i
10 to a fourth azimuth subsystem, said azimuth subsystem defining a
central axis of the antenna system and being operable for providing
rotational movement of the first planar subsystem about the central
axis, the elevation subsystern being configured to provide an adjustable
angular orientation in a range of 0°-90° between said plane defined by

15 ‘said active subsystem aﬁd a plane defined by the azimuth subsystem,
thereby allowing positioning said first planar active subsystem with respect to
said target such that said linear polarization direction is substantially aligned with
a linear polarization direction of RF radiation received and/or transmitted by the
target.

20 According to yet another embodiment, the present invention provides for a
method for tracking at least one target with an antenna system accommodating
onto a platform moving relatively to the target, and having a planar active
subsystem, the method comprising;

(1) receiving/transmitting an RF signal of a certain linear polarization

25 direction;

(i) receiving and storing data regarding the position and polarization of
the target and the antenna system, constituting position and
polarization data;

(iif)  in response to said position and polarization data, having the active

30 subsystem selectively performing azimuth rotational movement about



target. 10 BRIEF DESCRIPTION OF THE DRAWINGS In order to understand the invention and to see
how it may be carried out in practice, a preferred embodiment will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which: 15 Fig. 1 is a general
side view (in crges,aRalem), Of an antenna system according to an embodigpeni /fthgipyention; Fig. 2
is a more detailed side view (in cross section) of an antenna system according to an embodiment of
the invention; Fig. 3 is an isometric partial view of a part gf an antenna according to an 20
embodiment of the invention; Fig. 4 is a general side view (in cross section) of an antenna according to
another embodiment of thg '&ré ntiop: Figas i necal bloc Pig&@ Rasystem
according to an embodiment%%?ﬁggﬁve%%?gng@é %%5%6&6’2% ustratg(;I ﬂ% %%r?gﬁre}’s 0 po§tioning and
polarization tracking accofigihgatosapansnddimenttof thepiavendofinethdbligh? iglarfiowactizet showing a
sequence of operations ca[fi b niroLunit agcording, to ?\%% g\%h Inyention. WO
2006/057000 PCT/lLzoosgg%%gf%’gigrgég%‘i&%#é@%F L B %@‘% PR e
INVENTION According taofdrteifi‘eebociments tne dedsent nyventiectiprovidlegstomaaplathar antenna
and preferahly a phased arya nna.system to be disposed onto a platform, and preferably a
moving platform (e.g. airbgiﬁegéﬁéﬁﬁy%aqg ft"%’ﬁ‘éﬁ‘.t?ﬁsl% narsr receiving RF signal having linear
polarization to ankkfebmn aitoleast posittanget radyipthnatativeie teuttsy platfomith(eegpereastatiahary
satellite). The antenna system provides positionin abilities as well.as polarization,.tracking
capabilities, therte%%tm‘ob%%ir%%]a({:)osnafr(ﬁjﬁ?cgﬁo%og rgﬁ%ol%n% rﬁgt\sﬂ)r{ig iﬁngla{%%%?aﬁzia ich Bg%\i%/reen the
platform and a tqvgbtiﬁﬁcﬁigiiﬂeisimgmﬁmfaldﬁiMEWc(ﬁhvterbsscﬁentkan}mimammmgys'item 10

target.
10
BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand the invention and to see how it may be carried out
in practice, a preferred embodiment will now be described, by way of non-
limiting example only, with reference to the accompanying drawilngs, in which:
15 Fig. 1 is a general side view (in cross section) of an antenna system

according to an embodiment of the invention;
Fig. 2 is a more detailed side view (in cross section) of an antenna system
according to an embodiment of the invention;
Fig. 3 is an isometric partial view of a part of an antenna according to an
20  embodiment of the invention;
Fig. 4 is a general side view {(in cross section) of an antenna according to
another embodiment of the invention;
Fig. 5 is a general block diagram of an antenna system according to an
embodiment of the invention;
25 Figs. 6a-6¢c illustrate the principles of positioning and polarization
tracking according to an embodiment of the invention; and
Fig. 7 is a flow chart showing a sequence of operations carried out by a

control unit according to an embodiment of the invention.



according to an embodiment of the invention. Antenna system 10 includes, inter- a/ia, an azimuth
driving subsystem 12 defining a horizontal axis B and a Za axis perpendicular thereto (constituting the
central axis of the antenna system). Antenna system 10 further includes a tilt driving subsystem 14
defining an axisd\eddsgreha ZA axis perpendicular thereto. Also shown is agigiPyopespergdicular to both
B and Za. A substantially planar active subsystem 16 is coupled to the tilt driving subsystem 14, along
axis A, and is operable to perform electronic scanning -Within cone C (preferably providing scanning
angle of 60). Axis ZA represents the bore sight of the antenna. The active subsystem 16 is connected
to a roll 20 sub$HBHORIBT NGO . SPERC3 IO MiividHD BTV HrE GRITE/E MHOAEBARININ fig. 1),
antenna system 10 has four degrees of freedom, allowing it to selectively perform_ electronic scanning,

azimuth, and roll movetiEMLngs 6, &R FRBRERET: a0 SGeirel WY HoSR ARMEER d Yofarization
tracking, in the fglaudngenABNGH R fcPiBGirOPICaSEARRIRNG MILBINSEARGORE e didpesadionuth driving

subsystem rotates the tilt driving subsystem 14 (and the active subsystem 16 accommodated thereon)

around axis zg,2 PRI VTG SOIEGaRM f4 TXNRE PRIt Eubspitsme sPMHGRR) a5 D, thereby
tilting the agive ssaRsyStRR 4845 M HE TRl dRa Btk axis BnWNO3RPBARABLRERIE2H05/001272

-10 - the roll suhsystem rotates the active subfystem 16 arqund axis ZA. According to_another
embodiment of &SRR HSRCHEMENAR) SHEWAT FIge L IAHE (fi¥s BIBVRIRI oS 4R ESYle in the

range of 20-30 heiwasr@dssix@Af prisidesASESEHAL O HaisaBmbedimentipasitimingasmwell as
polarization 5 tracking are carried out based on moyements in anly three degrees of freedom, as

follows: electrorf@LCBANTAGARIHIASs AR EBh & BP I i ATTAARG U BE Bl i #BRA1B& Y tilt driving

subsystem 14 (anshiheiaatyasibaydemidppacomiaadaiesiereon) around axis ZB, 10 - the roll

subsystem rotates the_active subsystem 16 around axis ZA. .
10 ig. 1 is a géneral side view (in cross section} of an antenna system 10

according to an embodiment of the invention. Antenna system 10 includes, inrer-
alia, an azimuth driving subsystern 12 defining a horizontal axis B and a Zy axis
perpendicular thereto (constituting the central axis of the antenna system).
Antenna system 10 further includes a tilt driving subsystem 14 defining an axis A
15 and a Z, axis perpendicular thereto. Also shown is axis D, perpendicular to both
B and Zy. A substantially planar active subsystem 16 is coupled to the tilt driving
subsystem 14, along axis A, and is operable to perform electronic scanning
within cone C (preferably providing scanning angle of £60°). Axis Z, represents
the bore sight of the antenna. The active subsystem 16 is connected té a roll
20 subsystem 18,

According to an embodiment of the present invention (shown in fig. 1),
antenna system 10 has four degrees of freedom, allowing it to selectively perform
electronic scanning, azimuth, and roll movements, as well as tilt adjustment as
required for positioning and polarization tracking, in the following manner:

25 - electronic scanning within scan cone C. ,
- the azimuth driving subsystem rotates the tit driving subsystem 14
(and the active subsystem 16 accommodated thereon) around axis Zg,.

- the tilt driving subsystem 14 rotates the active subsystem 16 around

axis D, thereby tilting the active subsystem (axis A) with respect to

30 axis B.



As will be detailed further on, all degrees of freedom are controlled by a common control system (not
shown in Figs. 1, 2 and 4) and operate in synchronization to provide positioning and polarization
tracking. The selective nature of the dynamic operation of the various subsystems will be explained
15 further on, witghdsdesange to Fig. 7. Turning back to the embodiment ofgfgimestigr-shown in Fig.
1: Fig. 2 is a more detailed side view (in cross section) of the antenna system 10 shown in Fig. 1.
According to an embodiment of the invention, antenna_sygtem 10 incorporates an active subsystem
16 which comprises an electronically scanned, 20 substantially planar phased array antenna 15, e.g.

as shown in Fig. 3. Antenfig 1511istRpstHciedBomdwainielBaeearays.ahrdiatling elements 73
and 75, orthogonal to each gther, haviré%gnear polarization, designed to transmit and receive RF

radiation in different frétfFeREPBERAIRIS &ﬂ@%@?ﬁ&&d’rﬁﬁ%‘ﬁ 1B U mbegTakY shiENivention, the
radiating elementgare ikaomyvigRARd 29 Yivaldi antenaas, uhigh mayPe axeiisd Dy a transmit

module TX, receive module RX or a combination of TX and RX. (TX and RX modules are not shown
in Fig. 3). As is Ehélthad e Heeiting o015 FRRrEARHRSS  isringlrs, PebiBis7s) daatiinks 80 and

DC/DC converters & AsdscalsR KRanh.idhe b Jhadue iieileaved akays 13 aodidn, which have

orthogonal linear polarization, are 30 suitable for communication purposes since transmitted and
received beams®E¥ WO 2006/057000 PCT/1L2005/001272 -11 different frequencies, thus do not

interfere with each other. éggg@;ggsgglgﬂngm@mig@ﬂt&fr@@_invention, antenna 15 is designed for

operating in the Ku- band, e.g. transmission (from aircraft to satellite) in the 14-14.5 GHz band,
receiving (satellite to airci&f) 33iREthodosing yebspsisahdoBtesrfing gk tgigumysienactive

subsystem 16 further accommegatesoluskivies 36osvigmdBrco Mmerising ral plalg 29 to which the

antenna 15 is connected. Roll plate 28 has a hollow shaft mounted on roll' bearings 30 and is
movable by Poll motor 35 IS PhiRSteROIPAES QAR 18 sehpkededfypcdn A8vde roll movement

(i.e. rotate around axisZAyas shawailedignir hiereuddallowing-anianaa 1aindigepypatching its

linear polarization to that of the tracked -
' common control system (not shown in Figs. 1, 2 and 4) and operate in

synchronization to provide positioning and polarization tracking. The selective
nature of the dynamic operation of the various subsystems will be explained
15 further on, with reference to Fig. 7.
Turning back to the embodiment of the invention shown in Fig. 1: Fig. 2
is a more detailed side view (in cross section) of the antenna system 10 shown in
Fig. 1. According to an embodiment of the invention, antenna system 10
incorperates an active subsystem 16 wﬁich comprises an electronically scanned,
20  substantially planar phased array antenna 15, e.g. as shown in Fig. 3. Antenna 15
is constructed from two interleaved arrays of radiating elements 73 and 75,
orthogonal to each other, having linear polarization, designed to transmit and
receive RF radiation in different frequency bends, respectively. According to an
embodiment of the invention, the radiating elements are the known wide-band
25 Vivaldi éntennas, which may be excited by a transmit module TX, receive
module RX or a combination of TX and RX. (TX and RX modules are not shown
in Fig. 3). As is known in the art, antenna 15 further comprises, inter alia, PCB
78, heat-sinks 80 and DC/DC converters 83. As is also known in the art, the two
mterleaved arrays 73 and 75, which have orthogonal linear polarization, are

30 suitable for communication purposes since transmitted and received beams have



satellite. According to an embodiment of the invention, the roll movement is limited to 180. The
Antenna 15 is fed via e.g. a rotary-joint slip-rings block (not shown), assembled in the hollow shaft, or
by flexible cables (not shown). As known in the art with respect to electronically scanned phased array
15 antennas, batteranienna performance is achieved by maintaining the ptavaioss/@ngte above the
plane of the array above a certain value, typically about 30 or less. Therefore, according to one
embodiment of the invention, a tilt angle of up to 30, isldombined with an azimuth movement for
yielding elevation coverage oft 90, as follows. 20 Tilt subsystem 14 (shown in Figs. | and 2) comprises
a tilt base 32, taliffiriott i§rcomeated s rdeliathgrierisystent eaciaatisrobetiysysgetd 8. Tilt base

32 is movable aiguad L4501 e 0 B MOREREATINL (RS Shenpl. SRURISE withe gear, (not

shown), attached 0 1 system 14 is connected to the azimutir subsystem 12 by side
plates 45 via tiltheedsings (nonabishowiionyimt drigrgslibsysterha 2 ¢shdbwrGh bdpRigs. | and 2)

comprises azimuth gygggs%gig%&o%ﬁc%@ﬁqﬁgq@§i§_17_§7@ﬁ%qggli‘|ag to an embodiment of the

invention, azimUth turn as a shaft, on which azimuth' bearings 50 are installed.
Azimuth beirings 50 drercangibachytpEisattisasaise sEEEKDh 1§ Gesberaiesingdaigakaiha 10 onto

ine mouning b, 11 moving WO e0ERTIDNARGTALANIOCITR 2 ARIMIE g, an aicral

Azimuth movementl?gasélfwljls e muth motor 55 azimuth pinion 58 meshed with azimuth
gear 65. A rotaryojuinttstip Knjolhlo A8 daisiaitdbnedheihatibliod awhapllobenanesiditnehbie 48, to

allow conveying RF radiation,and. icity. 5 The gzi ' \V (elements
12, 14 and 18) g?gv%%%phg(?% ﬁ?&%ﬁ?ﬁ%&%ﬁgd’ n&% i g;gt%rfiﬁ (%éﬁégﬁéﬁﬁ%}%&%@ﬁégggs 2). The
common contropsysnmahitsaoperation witkiseatisawsasid Gxthisr Siowathn rBigrdncéhasebiys. 5 to 7.

pols dleantp e RELRAR VLG e W idlal e SRAERt S AR SPRY n A0 ERRRARRRYLS: o well as
ponents (riot shown in Fig. 2) used for ‘
satellite. According to an embodiment of the invention, the roll movement is
limited to £180°, The Antenna 15 is fed via e.g. a rotary-joint slip-rings block
(not shown), assembled in the hollow shaft, or by flexible cables (not shown).

As known in the art with respect to elecironically scanned phased array

I5 -aﬁtennas, better antenna performance is achieved by maintaining the elevation
angle above the plane of the array above a certain value, typically about 30° or
less. Therefore, according to one embodiment of the invention, a tilt angle of up
to £30°, is combined with an azimuth movement for yielding elevation coverage
of £ 90°, as follows.

20 Tilt subsystem 14 (shown in Figs. 1 and 2) comprises a tilt base 32, to
which is connected the radiating éubsystem 16, via the roll subsystem 18. Tilt
base 32 is movable around tilt axis'D, e.g. by a motor-gear unit (not shown},
coupled with a gear, (not shown), attached to tilt shaft 42. Tilt subsystem 14 is
connected to the azimuth subsystem 12 by side plates 45 via tilt bearings (not

25 shown).

Azimuth driving subsystem 12 (shown in both Figs. 1 and 2) comprises
azimuth turntable 48, rotatable around axis ‘ZB. According to an embodiment of
the invention, azimuth turntable 48 has a hollow shaft, on which azimuth
bearings 50 are installed. Azimuth bearings 50 are carried by pedestal base 52,

30  which is used to install the antenna 10 onto the mounting base of the moving



controlling the various movements, can readily be integrated in the system. It should be understood
that the invention is not limited by the type and kind of drivers (motors, gears, etc.) used, and other
driving components, such as pancake torque motors directly mounted onto the shafts, can be

appropriately uggedoddp¥viftout departing from the scope of the invention. \Nhen upsdeiaircrafts, the
antenna system of the present invention can be implemented as a relatively small and low profile

system (e.g. diameter of about 90cm or less, height of apput 40cm or less). The system can be flatly
mounted e.g. on the crown of the aircraft, thereby providing the aircraft with improved 20

communication GapaBiliies withomtharming theRersinaenic s esign elithe AifRRlt-TuERiEg now.to

Fig. 5 there will follow a description of the common control system mentioned above. Fig. 5 is a block
diagram of an arkBfrigiE)ste oD Foasrths Witheembeigsentts: therrioahiidnisHEWMESFig. 1. As

mentioned 25 befgier aennapyaeMd 4RdsHnaunted an-Beard anmoving AIAUIR @ %1RR, aircraft)

and is used for communication with a moving target (e.g. a satellite). As shown the active subsystem
110, roll driving SEBSFiBmRDmdintienang c&mEgEiem 130 and azimuth driving subsystem 140 are all

coupled to ascommon  ¢Ratol sygierk kad- HNEIFMEOL SRR RHUBRISES 1R I £lig) gcentral WO
2006/057000 PCT/1L2005/001272 - 13 processing unit (CPU) 160 and a memory 170 coupled to the

CPU. Note that tReUIREHIBRG SIS 1B SRaEXeHiBRIFy GOohBHOYatioh Dittd @At $Pstem.
Control system 1504 6RNNREIEPIS LR eXIgInat SYsiems ot sheVe: iRiEldsR fedrdataaysigms

accommodated onto the moving platform (e.g. global 5 positioning system (GPS), inertial navigation
system (INS), lod&fizsnen ey End the like) for receiving position data. Control system 150

accommodates a data iRpyiyBaddia AE0RPURIET 1B e 4FdidR0 aRd sanfigiired JalPiemding

position data relating to the relative position of the moving platform with respect to the moving target.
Control systé@m 1507 RpHEEa RS0 Miplo #atBacadss sRBAReg erdsaitPh shetyatitn Fisckhgiseddare 190

coupled to the CEY) 6@ andheonfissiredhiveRiaiidiogcaniinl signalecinnddvinaibepgtiye.roll, tilt and

azimuth subsystems . o o )
should be understood that the invention is not limited by the type and kind of

drivers (motors, gears, etc.) used, and other driving components, such as pancake
torque motors directly mounted onto the shafts, can be appropriately used
15 without departing from the scope of the invention.

When used in aircrafts, the antenna system of the present invention can be
implemented as a relatively small and low profile system (e.g. diameter of about
90cm or less, height of about 40cm or less). The system can be flatly mounted
e.g. on the crown of the aircraft, thereby providing the aircraft with improved

20 communication capabilities without harming the aerodynamic design of the
aircraft.

Turning now to Fig. 5 there will follow a description of the common
control system mentioned above. Fig. 5 is a block diagram of an antenna system
100 according to the embodiment of the invention shown in Fig. 1. As mentioned

25  before, antenna system 100 is mounted on-board a moving platform (e.g. an
aircraft) and is used for communication with a moving target (e.g. a sateilite). As
‘shown the active subsystem 110, roll driving subsystem 120, tilt driving
subsystem 130 and azimuth driving subsystem 140 are all coupled to a common

control system 150. The control system 150 comprises, inter-alia, a central



110-140. The principles of positioning and polarization tracking according to an embodiment of the
invention will now be detailed with reference to an exemplary 15 scene and exemplary control
parameters shown in Figs. 6a-6¢. Fig. 6a shows the moving platform, aircraft 202 in this exemplary

scene, and thegircrafys. coordinate system 204 used for describing the Wﬂ%%&%@e antenna
system according to an embodiment of the invention, in which X axis starches along the aircraft's

wings; Y axis starches along the aircraft's body; and Z axis_is 20 perpendicular to X and Y. The
antenna system is mounted on top of the aircraft 202 and therefore, with reference to Figs. | and 3, Z

axis shown in Figr&adgigxieni€ G PS G806 AXIseHHE aNeRbanitAsJoR.af e SeREMY GENe

(element C shown in Fig. 1, not shown in Fig. 6a) located on the surface of the active subsystem

(element 15 shotWN§RUER S A Abmaieh it sxpmp asi<ortramtiemabtbs entel SHeR# of the

coordinate system 206 s RN A $09s €8S MY fa0e-{raal SAteHendPhibwhin g mplary
scene. The position of the satellite 206 is defined by its position vector S, represented by 0s (the

angle between S%is ¥y PHESS AGRNE LA BB pHiferORin gy PHEPER. ek 65 balrate the

cone of broagside,sliregtions,Aerof thesgnisnral 3Qvysiam. sassinakoma A6 setptionHf the active
subsystem (eler%ge)nt 16 VK\%]) 2006/657000 PCT/1L20§5/001272“-1r£ sr??)wn in Fig. 1) t?y the azimuth

subsystem (elend@fit s SKeWPInTrsgivine REHten doti i ebssstprbafideroamedias AC is the

result of a 360 refationaitaxisadé sbPuagisZ Bhathchowisin Gid: ddnfhe spligandle dif the cone
AC equals to the angular orientation (the so-called 'tilt') between plains A and B 5 (shown'in Fig. 1),

as detailed abovR AT ERPSSLEE RS Eyleredrivs. nestacim &l e sy BmpSIfTentéResAseENtion, T is
changeable (e.giasehRwiie frigzet). Edhianoibaremizadimend: hdedixaddaes as,RRWAiILFIg. 3). Fig.

6c illustrates an exemplary set of control parameters and a desired disposition of the antenna system

mounted onBoarPthRlFEAehfRTEESRCH1e WP btk theihidh 188 rrdsppbrrgddon direction
of the antenna systemiify abgnedsnihlinak ot sateliaivinese aie ah@WRmuth subsystems

110-140.
The principles of po.sitioning and polarization tracking according to an
embodiment of the invention will now be detailed with reference to an exemplary
15 scene and exemplary control parameters shown in Figs. 6a-6c¢. Fig. 6a shows the
moving platform, aircraft 202 in this exemplary scene, and the aircraft’s
coordinate system 204 used for describing the movements of the antenna system
according to an embodiment.of the invention, in which X axis starches along the
aircraft’s wings; Y axis starches along the aircraft’s body; and Z axis is
20 perpendicular to X and Y. The antenna system is mounted on top of the aircraft
202 and therefore, with reference to Figs. I and 3, Z axis shown in Fig. 6a is axis
Zg, the center axis of the antenna. The top of the scanning cone (element C
shown in Fig. 1, not shown in Fig. 6a) located on the surface of the active
subsystem (e}ément 15 shown in Fig. 1) and along the center axis of the antenna
25 1s the origin O of the coordinate systém 206. Also shown in Fig. 6a is a moving
target, satellite 206 in this exemplary scene. The position of the satellite 206 is
defined by its position vector 8, represented by 8¢ (the angle between S axis and
Z axis), and the angular components ay, oy and oy.
Fig. 6b illustrate the cone of broadside directions AC of the antenna

30 system, resulting from a 360° rotation of the active subsystem (element 16



Os: the angle between S and the central axis of the antenna (ZB); T: the tilt angle of the broadside
(ZA) with respect to the central axis of the antenna (ZB); 15 Oscan: the solid angle of scanning cone
C shown in Fig. 1; S: the position vector of the satellite, represented by (a" a},, aj, (a-G, a,); V: the

broadside vectgg,of the.aptenna (pointing along ZA, the central axis of thq,@p;ﬁ_g%)ﬂerﬁzfesented by
the

(xs"™" Uaot ), (aa™ e, aa"t9) According to one embodiment of the invention, in esired disposition,
20V lays at ZB-S plane. During the relative movement gfsthe aircraft and the satellite, 8s may vary
from zero to 90. In order to keep the linear polarization direction of the antenna aligned with that of the

satellite, Oscan i seghinech 30 1 fallowidhe frllavimes setatp(8e OB aRctun @SFid. If BSrothep! 25 (2)
Oscan < 8s - T if 8s ¢ T In other words, in the desired disposition, S passes through the scanning

cone C while subslsidIf srnsr o bapesitine cbrrsttops Alcotdig tariirpiRalo Ehipbtivnariiaithe

invention, in the gesigedPasition, Isuhstanialncpincidesridthdhe crperays plihesearning cone to
yield minimal scanning angle, up to 30 zero (no scanning is required). WO 2006/057000
PCT/IL2005/001P21s ?E’St?lﬁ argatab ATt thEkfeshed diépdsifibhastens attérna syadebh with

respect to the saigllte, theriallowing feguengs.of epgralens A0 shawmin kg, Rusagieg out by the

common control unit in a cyclic manner (element 150 shown in Fig. 5) according to an embodiment of

the invention: 5 RI®SERGGNSIDOTbEIINENEA tolnghae TbittiGrEant utanzaubie ol thBy satellite
(e.g. using lookoy tableshrapehibe PAsiienand poladzation,piipes pntenna (e.g. using data received

from the host aircraft's systems), constituting position and polarization data of the current cycle of
operation. Note that thEigpoastiBh stres ctarPampplant s ar roHeviavsarnasers\airbasissiirdes, e.g. 10

localizer of the fﬁfk}é@gﬁéﬁgsﬁ RGPS Rasitianing-YSBIN SRR NS Jiaetia Nayigation
System) system, altitude system measuring the altitude of the
10 the satellite, in which the linear polarization direction of the antenna system is

aligned with that of the sateliite. There are shown:
8g: the angle between § and the central axis of the antenna (Zg);
T: the tilt angle of the broadside (Z,) with respect to the central axis of
the antenna (Zg);
15 Bscan: the solid angle of scanning cone C shown in Fig. 1;
S: the position vector of the satellite, represented by (o, oy, @), (Olg, &y):
V: the broadside vector of the antenna (pointing along Z,, the central axis

ant

of the antenna), represented by (a™™,, «®™,, a™), (@™, &™),
According to one embodiment of the invention, in the desired disposition,
20V lays at Zg-S plane. During the relative movement of the aircraft and the
satellite, 85 may vary from zero to 90°. In order to keep the linear polarization
direction of the antenna aligned with that of the satellite, Oscan is required to
follow the following relations:
(1) Bscan = 65-T if O3> T, or
25 (2) Bscan € Bg-T if O5<T
In other words, in the desired disposition, S passes through the scanning
cone C while substantially intersecting the cone top. According to another
embodiment of the invention, in the desired position S substantially coincides
with the center axis of the scanning cone to yield minimal scanning angle, up to

30 zero (no scanning is required),



moving platform, encoders measuring the changes in position of the azimuth, roil and tilt subsystem,
and more. Note that the invention is not bound by the type of information, and the manner used for
detecting the position and polarization of 15 the satellite and the antenna and evaluating their relative

disposition in aimgly apner. Also, note that the invention is not bound %%ﬁ@%&dﬁfy?et of control

parameters that are used. Using the coordinate systems shown in Figs. 6a-6c¢, at this stage the
following control parameters are defined in a manner knpyvn per- se: (2" aje (a0, a gSe (aant aantyv
aanxt)e (aantOs aant ) ~~ W)> ~ 20 In operation 312: the current control parameters are checked e.g.

if no previous data regarding.this seielite ifSiRgrbruihiRsserrdaia differs.mymestargg data,

indicating that a certain adjustment of one of the degrees of freedom is required.”In operations 314,

316 and 318: thaespeeifie Buntstiitratbeeiopine BsBmsH<b Praretions|d8fshavy. iadFiRstribed
further below. Nete ihat e iByeRiQinis-ant bawad dihe SpRailedfoRlr LeHam 46 sang relations,

and others may be_used. In operation 320: if needed (as evaluated in operations 314, 316 and 318),
providing azimuth &i@l folpseeatiang, i tpbediplentnd thedmesntividing tilt 30 rotation. Note that the

relative posigon and palrization5ie S21eliie and 16 H- Al SrltiS-AnRRIR-HUR 0 Bierelative

movement of the satellite and the aircraft, and therefore at any instance in' which new position and

polarization data*citiEei(ed; tungadeghevtambieth, il dha Poodemlandipayizisantd igevaluated
The azimuth adjysiment(carmiatOuby £&:ithe AaMYiR FounaSHESYSISRhS), T ShQR;i both Figs. |

and 2) is performed in order to rotate the broadside (Z,) to the Za-S plain. Therefore. the required

azimuth adjustmfftse aRdiro BrAban fake pI4IR CugisMlaosisert eptiatisreintarifanteatellite,
when projected Quesihe: At SoBlaiaEULNG-IR apeemigaiment ghthefayantion dae azimuth

adjustment 5.:t ,e, is_provided if (a.;, ay) ~ (ce ". a"y) and follows relation (3): 10 (3) 8vw=ry = atan(ar,

04) The rolt djulstrabrey it BV REtHRIIEN BRAnG okl Sestiaguh wpisEiggstem, INS

(Inertial Navigation System) system, altitude system measuring the altitude of the
moving platform, encoders measuring the changes in position of the azimuth, roll
and tilt subsystem, and more. Note that the invention is not bound by the type of
information, and the manner used for detecting the position and polarization of
15  the satellite and the antenna and evaluating their relative disposition in a timely
manner. Also, note that the invention is not bound by the specific set of control
parameters that are used. Using the coordinate systemis shown in Figs. 6a-6c¢, at

this stage the following control parameters are defined in a manner known ﬁer—

ant

s€: (Olgy Cyy O,), (O Aoy By (™5, ™™, &™), (@5, &™)

20 In operation 312: the current control parameters are checked e.g. if no
previous data regarding this satellite is stored, or that current data differs from
stored data, indicating that a certain adjustment of one of the degrees of freedom
is required.

In opérétions 314, 316 and 318: the specific control parameters per

25 subsystem‘.are evaluated, e.g. as described further below. Note that the invention
is not bound by the specified control parameters and relations, and others may be
used,

In operation 320: if needed (as evaluated in operations 314, 316 and 318),
providing azimuth and roll rotation, and if possible and needed, providing tilt

30  rotation. Note that the relative position and polarization of the satellite and the



| and 2) is performed in order to adjust the direction of polarization of the antenna according to
changes in the direction of the polarization of the satellite. According to an embodiment of the
invention, the roll adjustment 8"a is provided if (as, al,) # (ass, 15 cz',) and follows relation (4): (4)
Sros = atan(ae, czv) As described above with reference to Fig. 1, the angle T may be changed (by use
of the driven subsystem 14 as shown in Fig. 1). In this embodiment, tilt adjustment can be performed
in order to provide minimum scanning angle (preferably achieved at 9s = 20 1'). Therefore, the
required tilt adjustment S may provide a new tilt angle T such that minimum function min((r)s -'X) will
follow the relation: (5) 0 minas -T) According to anotheri@gmbodiment, the tilt adjustment is defused as
the minimum that is required such that Bs - T is equal to or less than. a predetermined value (c.g, in

2% the range BIEH0-L7Jurareihoing bt prisciutcmavemanhafiimmisieiifia né rogaitentinind Ss
extends a profietfunine dyaheH0g i adRige Gualibn/ Mdlbsheultialsahe appesiated,that other
considerationg far-defini ! i jJustment may be applied. e.g. limiting the tilt angle to fall
between WO 2006/0%%%%%%&&%%2 Zmi%%q%c%% ﬁ%r?e. urthermore, the invention can
be applied with a fixeRP TIPSR {RTRG. Qutdrit dresthenasirmth bR tiereysemyARamic tilt
adjustment isiovidedathafign Operhtiyi:IIEiHpet dedibhockad-it dhe mion¥Zo)z ReHonm
electronic 5 gcanning. Nple. qlg%qg%?igﬁﬁﬁ@i .|§| [e [ n the broadgide pf the antenna
coincides Wit%?t‘heasatellite gg%b%ec ors.in other%rds, %%gﬁ%ar%c gc%%ﬁﬁﬁjﬁd%%rrfg#ﬁgd if Os ~

T. Referring ASRAGEGF 9h BBimesiomsitFbei sl Framy B5oirrtednpueimnZar-theRivention
illustrated abaveyrdizeratiomB Hansodereimes by thev-ha sigtainpaiimegugiatement §80Q),and
chould be A e (R e 1 BRI REErEShc consicerations oxemplfied |
herein With referené®tPsiedy Trndratesctillustrate

The roll adjustmaent (carried ont by the roll driving subsystem, 18 saown in Figs.

1 and 2) is performed in order to adjust the direstion of polarization of the amrenna

accordiog to changes in the dirsction of the polarization of the setellite, According w an

embodiment of the invention, the roll adjustment Sy is provided if (as, ) # (0™,
15 o) and follows rclation (4):

(4) Sron = atan{c, &)

As deseribed above with reference {0 Fig. 1, the angle T may be chmigcd {by use
of the driven subsystemn 14 25 shown in Fig, 1). In fids emtbodiment, it adjustiment can
bs performed in order 1o provide minimum scanming angle (prefirably achieved at g =

20 T). Therefore, the required il adiustment 8a; may provide a new it engla T such that
mimimur function min(Bs — T will follow e relation:

(5) 0= min(@s~T)

Accorcﬁng to enather entbodiment, the tilt adjustment is defined as the minimum
that is required such that 85 — T is equal to or legs than = predetermined value (e.g. in

25  the range of §0"‘- 70°). 1t should be appreciated that tilt adjustment may be required only
if 85 extends 2 predeterrained value (e.g. in the remge of 60°- 70%). It shouid alsa be
appreciated that other comsiderations for defining the reguired it adjustment may be
applied, e.g. lirmiting the i}t angls to fall botween




one embodiment of the invention, and other considerations can apply, with the 15 necessary
modifications, without departing from the scope of the invention. The present invention was described
with relation to a transmit/receive antenna and RF radiation of a certain linear polarization. It should

be appreciategy,dnabdhsrgresent invention is equally concerned with transpitaigana9f.receive
antenna, and RF radiation of non-linear polarization, with the appropriate 20 modifications. The

invention was described mainly with reference to commyication between an aircraft and a
geostationary satellite. It should be noted that the invention is not limited by the type of moving

platform onto Wlﬂ?}”l:;l&le gﬂ&&ﬂgﬁéﬁl Js, mnounted, 8.0 SHiRgy Iggq‘%&@éﬁl%iﬁng Qe frurthermore,

the present 25 invention was described Iin detdils wit respect to communication of RF signal having

linear polarizatiengdietvaseshavmoinngiglafforndam surga. iryHeunichbeicap preclamainisatithe concepts

and principles o;&h%glg\éﬁp}gg&c\g@%sa{% he implemented for communication of RF signals having linear
| p '

o u . : : :
polarization befween a fixed plattorm and a moving target or vice versa (moving platform and 30 fixed

target), or moving platforopaation 3%ty faapdtdiithetiedppesiate\3O62008 08T GdS: tronic
PCT/IL2005/00 .- ificati t ' i ing,f f th
00N L i d NORIPHRIRRAAL Et%ﬁla%[}tf%e%yégﬂhggWEW%&%%&%&&%F% e

present invention. also be appreciate , ent invention can be implemented by
using only threeadtegreesodidréetvnthathéotionls tthhefoliowitgt® Bfdneribernuandsreleefemis Fig. 1): -

an azimuth drivin s;%gsxgte&n %Igrgel%l. ,*n Fig. 1) that rotates the tilt driving subsystem (element
14 in Fig. 1) and the active'su sys?em (¢lement 16) accommodated thereon around axis ZB. - a tilt

driving subsystem 14 thefereiatesdive tachive subisystarbifitamoundh TBigxi: Dethedety titiay the active

subsysten (axis ) with 1esRe 10, s By At angle T, whelein 987, 90, pa gl ayfipystem that
rotates the activé sucbsyéctrém‘fl%i AIBURY axXiS 2K RS ARSCFbET With reference 1o opera¥|on 320 shown
in Fig. 7, by0  data input module (element 180), and operations 312-330 are carried out by the

position and polarization tracking module (element 190).

It should be appreciated that the invention is not bound by the specific
considerations exemplified herein with reference to Fig. 7 in order to illustrate
one embodiment of the invention, and other considerations can apply, with the

15 necessary modifications, without departing from the scope of the invention.

The present invention was described with relation to a fransmit/receive
antenna and RF radiation of a certain linear polarization. It should be appreciated
that the present invention is equally concerned with transmit antenna or receive
antenna, and RF radiation of non-linear polarization, with the appropriate

20 modifications. '

The invention was described mainly with reference to communication
between an aircraft and a geostationary satellite. It should be noted that the
invention is not limited by the type of moving platform onto which the antenna
system is mounted, e.g. ships, land vehicles and more. Furthermore, the present

25 invention was described in details with respect to communication of RF signal
having linear polarization between a moving platform and a target. It should be
appreciated that the concepts and principles of the invention can also be
implemented for communication of RF signals having linear polarization
between a fixed platform and a moving target or vice versa (moving platforni and

30 fixed target), or moving platform and moving target, with the appropriate



providing a tilt angle in the range of 0<T590, the electronic scanning angle Os 15 can be minimized,
up to Os=0. In other words, by using dynamic adjustment of the tilt angle T, according to an
embodiment of the present invention, it is possible to maintain position and polarization tracking

without the neggl,t9,ReLiQE) electronic scanning. Preferably, this embodir%%?;ﬁ&b%% E;Qr an antenna
system for tracking moving targets, mounted onto fixed platforms, land vehicles, 20 ships and more. It

should be appreciated that the antenna system accordipggtg the invention may be used as a radar, an
electronic counter measures (ECM) system or as a communication antenna, such as two-way

broadband data GOUmA §8?1§0 [ [lit s‘p &g Ij Ay lagizatign mode. 25 Thase skilled in the
art to which the preseh%éllnvent%# ggﬁ%ﬁg}%an i%;L{ppreéé':%lgte 't%%taf|r \#v | e%]ﬁesﬁ?gge%?tm%)ﬁﬁ%eﬁ] {has been
described in ternmigvefiientain embodiments, the concept upon which this disclosure is based may

readily be utilized as 1S, for the designi f.othar ems, services and processes for carrying
out the several purposaé{s)?)%%ug({prg%’gnt%l’gverﬁ%(r)%rﬁlé\e%g ;égélgé%%eﬁ)ee /IWS@%?BO&?ZEFIQ It will
also be understomtpihaettiedsysteningconlyliigao degrivesenfidecian be & bowalinefogrenmmped

computer sygen&%é}g%s&%eﬂ im_/ eti poont mplates a computer program being readable by a
computer for executing the method of the ifivefition. The invention further contemplates a machine 5
readable memory tangiblyasraboatyingravprggrémy skingelastiontst @xediimblp thyt thatasabhitik for

executing the method of ”2,%{!}}{ tion, Also, it.is t yndegsto that the phraseaol nd
terminology employed herein ager:s c%rsgheeg}u%g:s% g?ﬁesﬁip?ﬁ%hognda gﬁ[g.ﬁeg%cﬁvgesﬁ}%g%é% as
limiting. It is important, theldfanenthti thecsoopedat tHatienemtimoisdatisdhstrued as 10 being limited

D P RS S, B R AT T

10 axis D, thereby tilting the active subsystem (axis A) with respect to

axis B by a tilt angle T, wherein 0<T<90°.
- aroll subsystem that rotates the active subsystem 16 around axis Z,.
As described with reference to operation 320 shown in Fig. 7, by
providing a tilt angle in the range of 0<T<90°, the electronic scanning angle 6s

15 can be minimized, up to 8s=0. In other words, by using dynamic adjustment of
the tilt angle T, according to an embodiment of the present invention, it is
possible to maintain position and polarization tracking without the need to
perform electronic scanning. Preferably, this embodiment is useful for an antenna
system for tracking moving targets, mounted onto fixed platforms, land vehicles,

20 ships and more.

It should be appreciated that the antenna system according to the invention
may be used as a radar, an electronic counter measures (ECM) system or as a
communication antenna, such as two-way broadband data communication via
satellites having linear polarization mode.

25 Those skilled in the art to which the present invention pertains, can
appreciate that while the present invention has been described in terms of certain
embodiments, the concept upon which this disclosure is based may readily be
utilized as a basis for the designing of other systems, services and processes for

carrying out the several purposes of the present invention.



The invention claimed is: 1. A phased array antenna system accommodating onto a platform for
tracking a target moving relatively to the platform, comprising: - a first planar active subsystem
operable for receiving/transmitting an RF signal of a certain linear polarization direction and for
selectively perfQrmij ctronic scanning; - a second, roll subsystem coupled to said active
subsystem andaé%]é?‘gﬁe??gé rotational movement of said active subsysterr%) g%%’ﬁt" Bt Axis
perpendicular to a plane defined by said planar active supgsystem; - a third, elevation subsystem
coupled to said second, roll subsystem and to a fourth aZimuth subsystem, said azimuth subsystem
defining a central axis qf gbgl%gg%%&yég@&&%pmggﬁ%@%gé%igrotvol ng.rotational movement of
the first planar subsystem about the central axis, the elévation su systgem eing conﬁgurerﬁ to provide
a certain angulaPoriéntatititbhetvpeegraamadarmoaefitrsd Bysteit adtikesisbsyshem iamendoplane
defined by the azigyth,stbsystemthese owing;positioning $d;first planaractive subsystem with
respect to said target s%ch that saigaline r%%bllllérizqti'og directlon% saﬂkgsgtnaﬁ%ﬁgﬂy@ﬁé%gg“%ﬁga'Iinear
polarization direcliéntostiRed radigtroinnensived Biel/orvesihemfiteth oy ¢theteangbtte?. 7 heapiniased array
antenna system acepkding.to.Clai i Sl %rﬁt second fourth subsystems are coupled to
a common control system confillgu%ioﬂéeperate@s%} fi%t,éecor?g1 gnnsc% %E'r -Ssﬁ’g%%‘/%?é?ﬁasb%
synchronization. e Thechnaderiexacyinatbanaethetent Gedomdirtipto Claim 2 wherein said common
control subsystem comgisingis+& S HieLRIgses st YRILGRU: 4.8 memory coupled to the CPU; -
a data input module g:ouple’d tossaid CPU and c_oqnecta%?epato gg%s%’s et%%ng Sard %f f?gr@r% for
inputting data refBghsHtereHerirEve psfidasefiptinh prifsronivdithrbs pegirdedsaititatipet; and - a
positioning and polarizafigmaciing Medeicccoupla e SRk akepaliguied for operating said
first, second and fourth subsystems. 4. The antenna system according to Claim §Wherein'Said data
input moduldis eGP rebsivdusinas tinronpedimess, andexstyries datdatenhérom: Celative

disposition of the, IR 28 08HR IR IPANQLLHE A IFL G RIGIABR s defined in the

appended claims and their equivalents. ‘



Positioning System) data, INS (Inertial Navigation System) data, altitude of the platform, position data
of said second subsystem; position data of said third subsystem; position data of said fourth
subsystem. MOSLLP 21 5. An antenna system according to Claim 1 wherein said third, glegatién
subsystem being configured to provide a fixed angular orientation between said plane defined by said
active subsystem and a plane defined by the azimuth 80bsystem. 6. An antenna system according to
Claim 1 wherein said first active subsystem is further configured for selectively performing the
electronic scanhigiRviistantidiyediisin a predefined scanning cone coaxial with said first axis. 7. An
antenna system according to Claim 6 wherein said predefined scanning cone provides scanning angle
of about d 70 abofit RhesorET8Ig RSN B tiveasabrysteltiig Ar@ntehfasysteraddozding gotClaim 2
wherein said thif@y B8 vaksnalbeyRearntisingceonfitimed to provide a controllably changeable angular
orientation between said plane defined by said active subsystem and a plane defined by the azimuth
subsystem. 9. A} Alite ISy atdiveavisidiag torctais dowkerdivingithoomitiion eoiokignslisfurther
configured for CSHEFIIHG By &l direshionand [asvsatrcty beysteningrdeebgnialmainingelective
adjustment of said scannm cone. 10. An antenna system according to Claim 1 wherein said platform
is an airborne pfSIPRY 1O bt RRaceyBletta salst diiyy fosehanFiemvindreperbie fargotitcal
geostationary E&%%ni?f)ﬁ\%daﬁ%ﬁﬁé‘gﬁﬁéf@ﬁ@wﬁm i EIEiReoPRINEraiaTs@id cdrnendaiioemtrol unit
is configured t8YoFRTRKEY 4%it%E, WEEBHEENd fourth subsystems, in synchronization by performing
the following operaéh s (i recelvmg and stor data re ardlng the position and polarization of the
target and the afit LSRR Ui Catid 6‘?&? tiEHL RS YEIFIR fedpensdagdaid
position and po%’rlﬁ‘é ok ggefﬂo\? r§Pb§¥EV8HH ingrift SGBEPSLERIS Ritkheortieignals
for having the ?‘ a ?% 88ﬁ r‘?ff %lﬁ%ﬁﬂqléﬁat%ﬁ‘a?rﬁ%\?eﬂgeﬂleaﬁbﬁt p@entral
axis, roll rotatloﬁlil 2Rk é‘%é fsoIE KR AR BRI SR A IS GoRfigured to provide a

ain angular orlentatlon between sa; plane defined by said active subsystem and a
plane defined by the azimuth subsystem,

thereby allowing positioning said first planar active subsystem with respect to said
target such that said linear polarization direction is substantially aligned with a linear
polarization direction of RF radiation received and/or transmitted by the target.

2. The phased array antenna system according to Claim | wherein said first, second and
fourth subsystems are coupled to a common control system configured to operate said
first, second and fourth subsystems in synchronization.

3. The phased array antenna system according to Claim 2 wherein said common control
subsystem comprising:

- a Central Processing Unit (CPU);
- a memory coupled to the CPU,

- a data input module coupled to said CPU and connectable to data systems of said
platform, for inputting data relating to the relative position of said platform with respect
to said target; and

- a positioning and polarization tracking module coupled to the CPU and configured for
operating said first, second and fourth subsystems.

4. The antenna system according to Claim 3 wherein said data input module is
configured to receive, in a timely manner, at least one data item from: relative
disposition of the platform and the target, location of the target, GPS (Global
Positioning System) data, INS (Inertial Navigation System) data, altitude of the
platform, position data of said second subsystem; position data of said third subsystem;
position data of said fourth subsystem.



(iii) repeating said operations (i)-(ii) as many time as desired. 13. An antenna system according to
Claim 8 wherein said common control unit is configured to operate said first, second, third and fourth
subsystems, in synchronization by performing the following operations: (i) receiving and Nfotig data
regarding the position and polarization of the target and the antenna system, constituting position and
polarization data; MCSLLP 22 (ii) in response to said pbsition and polarization data, providing said
first, second, third and forth subsystems with control signals for selectively adjusting the angular
orientation between the plane defined by the active subsystem and the plane defined by the azimuth
subsystem, and-havirigtgradirststersysterdisglectiVieiynpériehming saidntithd ratiatiatieh advwsseant about
the central axishdoit renafigheicriovement aboutdthedirst axisntaichdbettrami casidapiningd e ity
repeating said perivkswsibiens amdryrime dfidedibedht 4zimmbthddfetracking at least one target
with a phased array antenna system having a planar active subsystem and accommodating onto a
platform movin§ rélativERDEosise Tareerding tadthwoh dowlprisingaid) et eivitvg/trdmsaitting @nlRF signal
of a certain ling&@npélagativnsgleetitioly: @iy feceivinghand sttriny detarsgaribgatine psitidrirand
polarization of #iedgfiged seirning eote snarsgistdth seshtistinig. position and polarization data; (jii) in
response to said position and polarization data, having the active subsystem selectively performing
azimuth rotatiohal YAGUERIEAT Sk Aeeritiarasasdaime anbaisin spidemedofitetatiomalmovement
about a first axREPaseseheniae e alprimbaeimill Byowhepergsighive Subssisterstanisiatectronic
scanning; thereby allowing positioning said planar active subsystem with respect to said target such
that said linearthditiZBifEHHTEEBh 8RRgRed \itHaMne arlisornisaibibdide cleratsRmbaxiation
received and/oPFFASATISHIRY 4 Peassechmstatabiarghtngertic mahby ateateling hsiGRimsaid further
comprising, in Re&lofieldos! dyidabarivr shevpmrandionansaebmned byl adinsihgeheyagular
orientation bet\geen the plane defined by the active subsystem and the plane defined by the azimuth
A

subsystem. 16: &aen ?ﬁ?%t@?ﬁé@t@n@%@&n‘ﬁ%ﬁ%{ﬂﬁ@iéﬁfﬂ@&%ﬁ@%%@ﬁ?&@kﬁﬁ@hﬁftarget

contigured for controlling the operation of said third, elevation subsystem, thereby
allowing selective adjustment of said scanning cone.

10. An antenna system according to Claim [ wherein said platform is an airborne
platform.

1. An antenna system according to Claim 1 wherein said target is a geostationary
satellite.

12. An antenna system according to Claim 2 wherein said common control unit is
configured to operate said first, second and fourth subsystems, in synchronization by
performing the following operations:

(i) receiving and storing data regarding the position and polarization of the target and
the antenna system, constituting position and polarization data;

(ii) in response to said position and polarization data, providing said first, second and
forth subsystems with control signals for having the first subsystem selectively
performing azimuth rotational movement about the central axis, roll rotational
movement about the first axis, and electronic scanning; and

(iil) repeating said operations (i)-(ii) as many time as desired.
13. An antenna system according to Claim 8 wherein said common control unit is
configured to operate said first, second, third and fourth subsystems, in synchronization

by performing the following operations:

(i) receiving and storing data regarding the position and polarization of the target and
the antenna system, constituting position and polarization data;



moving relatively to the platform comprising: - a first planar active subsystem operable for
receiving/transmitting an RF signal of a certain linear polarization direction and for selectivel
performing electronic scanning; - a second, roll subsystem coupled to said active subsyst@ “X%r?
operable for rotational movement of said active subsystem about a first axis perpendicular to a plane
defined by said planar active subsystem; - a third, ele¥ation subsystem coupled to said second, roll
subsystem and to a fourth azimuth subsystem, said azimuth subsystem defining a central axis of the
antenna systeffiaimd gt pesablefoitproviding ketativoakinevemeidiaf thel fitst placard stihgystem
about the centraidxisitthesebeysitior swiisystemrdleisigredafifured ke fpvolidaduaaraithangulatar
orientation betwtieniaiaid ptawecdetfinediaby defithattiyelsubsystembayrea ptané e pfimedibfrietazimuth
subsystem. MCSLapmpgh SEbAYSEnteand lsystemtactomsmbelating stitetavplatfenfyfoiippekingth target
moving relativedetenaé phattorant cbayiilstregnttal firss ptaHap titiive subsystemabpet ahbtefior axis,
receiving/transatidtitlectamFssigmnatsfaadertain linear polarization direction; - a second, roll subsystem
coupled to said active subsystem and operable for rotational movement of said active subsystem
about a first axi§iperpesidie ke erarpliane definse bysaitslandesdntie subsystem; - a third, elevation
subsystem coupled to said second, roll subsystem and to a fourth azimuth subsystem, said azimuth
subsystem defiﬁ‘ing\ aednddicatisdinaeistshpae sysrimidhd beinelapenabléciorprovitingaritational
movement of the it FIaES sSiipgyistarmdirsaemaqdaiing ends athliEevation iagbsyetienbieitie
configured to pisSfdehammsHiqeiaePEaigar orientation in a range of 0-90 between said plane defined
by said active subsystem and a plane defined by the azimuth subsystem, thereby allowing positioning

said first planaFAEREvEE SRRttt a Bhcuens! did ceifawt e aekariaidondiasqbieiarization direction
is substantially aligned with a linear polarization direction of RF radiation received and/or transmitted
by the target. fﬁ%ﬂef’ﬁé‘fﬂtﬁjaﬁl fAERIR aéf‘I%@ﬁ%ﬁ?@%iﬂiﬁﬂ%ﬁfé%ﬁ%@ﬂ%&f&ﬂh@%ﬁng
onto a platfornfHaHRE ferXiraTy (8 HEHRgaOSHaN 2Ry Wiarar detive subsystem,

(iii) in response to said position and polarization data, having the active subsystem
selectively performing azimuth rotational movement about a central axis of the antenna
system, roll rotational movement about a first axis perpendicular to a plane defined by
the planar active subsystem, and electronic scanning;

thereby allowing positioning said planar active subsystem with respect to said target
such that said linear polarization direction is aligned with a linear polarization direction
of RF radiation received and/or transmitted by at least one moving target.

15. A method according to Claim 14 further comprising, in response to said position
and polarization data, selectively adjusting the angular orientation between the plane
defined by the active subsystem and the plane defined by the azimuth subsystem.

16. A phased array antenna system accommodating onto a platform for tracking a target
moving relatively to the platform comprising:

- a first planar active subsystem operable for receiving/transmitting an RF signal of a
certain linear polarization direction and for selectively performing electronic scanning;

- a second, roll subsystem coupled to said active subsystem and operable for rotational
movement of said active subsystem about a first axis perpendicular to a plane defined
by said planar active subsystem;

- a third, elevation subsystem coupled to said second, roll subsystem and to a fourth
azimuth subsystem, said azimuth subsystem defining a central axis of the antenna
system and being operable for providing rotational movement of the first planar
subsystem about the central axis, the elevation subsystem being configured to provide a
certain angular orientation between said plane defined by said active subsystem and a
plane defined by the azimuth subsystem.



the method comprising: (i) receiving/transmitting an RF signal of a certain linear polarization direction;
(ii) receiving and storing data regarding the position and polarization of the target and the antenna
system, constituting position and polarization data; (iii) in response to said position and pélagilzefion
data, having the active subsystem selectively performing azimuth rotational movement about a central
axis of the antenna system, roll rotational movement apout a first axis perpendicular to a plane
defined by the planar active subsystem, and selectively adjusting the angular orientation in a range of
0-90 between the plane defined by the active subsystem and the plane defined by the azimuth
subsystem, thelébyallwingepositoning saic plariag activersplbdyste fowithléspectiqrsaiddanget such
that said linearypbavidationthiredadariv.atignedsiith a inBext planz atitnadindetjerenofdRErabididtion
received and/oreggifgraltretishittéineast one target.

RF signal of a certain linear polarization direction;

- a second, roll subsystem coupled to said active subsystem and operable for rotational
movement of said active subsystem about a first axis perpendicular to a plane defined
by said planar active subsystem;

- a third, elevation subsystem coupled to said second, roll subsystem and to a fourth
azimuth subsystem, said azimuth subsystem defining a central axis of the antenna
system and being operable for providing rotational movement of the first planar
subsystem about the central axis, the elevation subsystem being configured to provide
an adjustable angular orientation in a range of (°-90° between said plane defined by
said active subsystem and a plane defined by the azimuth subsystem,

thereby allowing positioning said first planar active subsystem with respect to said
target such that said linear polarization direction is substantially aligned with a linear
polarization direction of RF radiation received and/or transmitted by the target.

18. A method for tracking at least one target with an antenna system accommodating
onto a platform moving relatively to the target, and having a planar active subsystem,
the method comprising:

(i) receiving/transmitting an RF signal of a certain linear polarization direction;

(i) receiving and storing data regarding the position and polarization of the target and
the antenna system, constituting position and polarization data;

(iii} in response to said position and polarization data, having the active subsystem
selectively performing azimuth rotational movement about a central axis of the antenna
system, roll rotational movement about a first axis perpendicular to a plane defined by
the planar active subsystem, and selectively adjusting the angular orientation in a range
of 0°-90° between the plane defined by the active subsystem and the plane defined by
the azimuth subsystem,

thereby allowing positioning said planar active subsystem with respect to said target
such that said linear polarization direction is aligned with a linear polarization direction
of RF radiation received and/or transmitted by at least one target.



