PHASED ARRAY PLANAR ANTENNA FOR TRACKI NG A MOVI NG TARGET AND TRACKI NG
METHOD FI ELD OF THE I NVENTI ON This invention relates to phased array

ant ennas wocdog/@m@n ant ennas and nore specifically to plrasatessoay7ant ennas
of the kind suitable to be nounted onto noving platforns e.g. aircrafts,
ships, cars etc., used for satellite conmunication, or for tracking noving
targets. BACKGROUND OF THE | NVENTI ON Nowadays, nmany noving platfornms (e.g.
aircrafts, ships, cars, etc.) are required to have satellite conmmunication
capabilities. One exenplary requirenent relates to an entertai nnent system
for offering passenget:s WLANARCAQTENNALRIRNERAGKEINE IS MoVinee TARIERV G ON

br oadcast andTttimxihGkeTubori ng notion, the noving platform(e.g. the
aircraft) is engaged in comunication with a particular satellite, tracking
it across the sky until it disappears over the horizon, and prior to its

di sappearance establishes comunication wth another satellite. Therefore,
ant ennas on-board the noving platforns are typically equi pped with suitable
positioning and tracking systenms. US Patent No. 5,796,370 discloses a dual
pol ari zati on antenna for direct broadcast satellites. The antenna is
orientable [ reati e of use as a transmt and/or receive

ant enna. IF]ELi*ﬁﬁtigaélﬁgagﬁﬂggéirefIector, at | east one source of

el ectromagnetic radi ati on incl udi ng neans for excitiqgﬁihe source with two

or t hogonal | i nedPSpBIVERiionrelghes Qnehase n?@ﬁ?n%ﬂ/%‘? F08F apHanas (f’ﬁfi_ng and
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made up of depo ng -and Ion rred directio

propagat i opnf méengagdiatoraly ang therafeshahipsal caystRm eRab! s SHEMite
rotation while keeping the source fixed,so conserving the orientation of

t he or thogomamunicatizmn, pofartrackinomovingtaegetsr ed enbodi nent of the antenna

i ncludes a parabolic main reflector and a hyperbolic auxiliary reflector in
a Cassegrain geonetry, and the mechanical system enabl es

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.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,



rotation of both reflectors about the preferred direction of radiation and
hol ds the source fixed to conserve the orthogonal |inear polarization axes
of the besonodgpphioeati ons include radar, direct broadcastcrasiesbiites and
t el econmuni cati ons enpl oyi ng frequency re-use by pol arization diversity,
especi al | y advant ageous i n space and airboyne applications. US Patent No.

6, 034, 634 di scl oses an i nexpensive high gdin antenna for use on terminals

communi cating with | ow earth orbit téLEO satel|l.ites which include_an
el evati on SQKPESHEING He puentaben radt ems%k@@@ﬁal Hpeart pelariratinu e quexiod on an
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handoffs fromone LEO satellite to another by positioning the el evation

tabl e of t bkeuraatiermshtaicohsdrve thoratiwigghal linear gplasicatiom axes exfntbai lgam t he
two satellites and wit he scan.pl ane of the antenna passing through both
satel | it esAP IC?%%H%TWQH@G SROTafSEt DrodticasintalANACT hth (P e ceMuBR MM | y
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di rect i onakpheamdanititn@aggNéfdnkhat includes an antenna supporting member
whi ch is supported on a base in such a manner as to be rotatable about a
first rotati onaUSRaent Nvo.and2hodd phsdoses anhinelpéssise hpgr geih artetdee fant enna

suppori)d]ng menber in such a nanner as,ho be rotatable about a second
rot ati Bhal Uskiod tesmarals cosampaicaiag| Withtlgva sarh @i (el tsatedlitgs qwhich

inclined a i rst .angl Lth respect he first rotatiopal axis. the
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ant enna supporting nenber about the first rotational axis wth respect to
the base; axd. A placditg afranvémg alainthrformimt 2 phasdiearsayt emeany iy oanteabout
the second rotational axis wth respect to o
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 is 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 -
is 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



t he antenna supporting nmenber. A directional beam controlling apparatus is
provided with a controlling unit for controlling an el evation angle of the
ant enna bgemmismsaobar get val ue by causing the second dripgirngoesvdizi2o rot ate
the antenna portion with respect to the antenna supporting nenber, and for
controlling an azinmuth angle of the antenna beamto a target val ue by
causing the first driving unit to rotate tthe antenna supporting nmenber with

respect to the base. PCT Applicatiaon No, WO2004/ 075339 di_scl,&s}es a |l ow
profile rebdi patngathe arennanperan 1yt ARe srepnd FRlationad | axie &vidnrespee,toof

antenna el gnen hat col.l ect fogcu mo L] er Vg. or .
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i ncidence ts collected by the“el enents and focused i n-phase. Two or nore
mechani cal beathabar sargatyvdiee diysgnserd the sdcbad drheéngmglitetoofotatecthd eamcenmaf
incomng or outgoing radiation to match the particul ar angle of incidence.
Al so r el at pAgianowidistespesti tegthef anienna FRRROTEBETDAMESL i e &t eoniendlipg-ABoar d
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as Faraday rotation) 1In eio urthernore, due to the position of

the Earth with pegpaghlicaidhesane100ue07 Bsondisclosedh flber pruddes rovivingry due
to relative novenents between the satellite and the communicating station
(e.g. airceadfor tranceuttsigaantamnet haj .inThidesfar @rrayoef ageasacieorents that
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signal up tAtednd Bitanthdrficulas anitned HRidéasE 66 Scolldted@bieiakiddients 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-
1ﬁentioned anomalies. However, some geostationary satellites use linear
polarization. In linear polarization, a misalignment of polarization of 45 degrees
will degrade 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



can be 20 dB or nore. Furthernore, polarization purity is required by
international regulation of satellite conmunication. Therefore, on-board
ant enna- wWeysdessoohor conmuni cation with a satellite usipog/rlLicseri272

pol ari zation need to provide polarization tracking. Furthernore, on-board
antenna systens for noving platforns are required to be relatively small in
size and lowin profile (dianeter and hei'é‘h’t) in order to adapt to the
overal | design and specifically the aerodynam c design of the noving

pl atform $joweuerfor ponamuzzation withckisatgllitgpigag | yneae opolaesationc aned der abl e
antenna si ze, for caonpensating for |osses of signal strength involved in
pol ari zat | BiPVidaRRAHGahEAEKING. o need in the art for an inproved antenna

t hat provi des pgsiiioning bilities I ol arizatiqn tr i,ng
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platforns and aircrafts, which is relatively snmall and has™| ow profile
(e.g. di anedat nf thdaverDawsign had sypecBiduliiRheOReddEnhNUENESIIN Af cthiedi ng
to oné enbodi nent, the present invention provides for a phased array

ant enna syB&iScplHERt i HoweNeh Pohrizationm Tackipg adkpieglls tradgiees ndvi ng

operabl o 16y iSED G Aot rgpaerpe dop IR i SER FEpRinRERRE" o

pol ari zat i AbfiestdPRa@nNdef or selectively perform ng el ectronic scanning;
- a second,m]lgohEI su(t)sygten"tgcoupl ed to said active subsystem and operabl e

for rotational Thyieminta afecdain thet hie feuhay shprovadodhteand i that provides

perpendi cul ar to a plane defined by said planar active subsystem - a

t hi rd, 1| epesitioningueappbildiascasupielldas pokasizatier deacking eanabglitiesy dihste ana to a

fourth azi H]flr%hhersh%ggﬁ ttk(laemart or gn ?r%llpgg&e ésnl%gr?x}/asgu?&]b?ee or Use bn board moving
platforms and specifically airborne platforms and aircrafts, which is relatively

small and has low proﬁlé (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



central axis of the antenna system and bei ng operabl e for providing
rotational novenent of the first planar subsystem about the central axis,

t he el evavoanosushmyst em bei ng configured to provide a cectraiLnasgubzr
orientation between said plane defined by said active subsystem and a pl ane
defined by the azinmuth subsystem ther ebyaqal | ow ng positioning said first

pl anar active subsystemw th respect to sald target such that said |inear
pol ari zation direction is substantially aligned with a linear polarization
direction of RF r auigatdromoreetgionebeawdéor sa;igarpiariet tdedired thiye saat gattiveThe
term'planar' is used hereinafter to _denqte a planar or a substantially

pl anar acti vesubs;ﬁé‘gé)‘ﬁtemc?@ér?’(jﬁ)llarge @sﬁa%ﬁqyeﬁhe&%ﬁaath@hsystﬁwe

above- nent j fhirst. second. and fourth systens.ar 0 e conmon
control sytsl}%g%g'c Slr%{)?}éﬂ?r 8§gi?1§qb%%ffleﬂ§gipé§ #ﬁltgr sct%lf\/%sseué)&ﬁ%eli‘ng%"o%rsﬁ ?010tat0
subsyst enssif tg6ee M thaatdia mineéf:g@l%ﬁkmoﬁ Qir¥&iorr3%uBefanB A d]i PR withhe
common control subsystem conprising: - a Central Processing Unft (CPU); - a
menory Toupllmaat polahea@hi/direconlaf RH pgalidtior chdeévedoaml/edtrbosisizied WGPtheand
connectable to data systems of said platform for inputting data relating
to the rel Bregete Ipgdpim onlapar’sigiused ihgreinaiignio denote padenarprsnpebstantigdly; and
- a positi opii ng atnd ﬁ?l a{i zation tracking nodul e coupled to the CPU and
confi guredp S 8?) & Wﬁ “8id first, second and fourth subsyst ens.
According to analdsrdiRIROdnsRL enlbBihPA the EbENRHIANORUPRIS! GR-AG!
configured to provide control 'ably changeabl e angul ar orientation between
the pl ane @afrtthatbshytehiiearacoupedsvhsymheonandt@] plson ceffiguecd kyopdiate

azi muth subsystem According to yet another enbodi ment, the common control
uni t i 50 f upaidefirstosecogdrang farthe snbsystemsngn tshyachisaizatioon Axcosding tohyetd,

el evati on subsyste t here al l owi ng se] ective adjust.ment of said scannin
cone. Acco?‘a‘i’tﬁér ?@glaﬂ’é?%rt%r%’&}b‘?lﬁ%ﬁgmrf’Lﬁfbﬁyé@%f MRVERE on provi des for g

a Central Processing Unit (CPU);

- amemory coupled 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
- apositioning 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 orientation 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;



met hod for tracking at | east one target with a phased array antenna system
havi ng a planar active subsystem and accommobdati ng onto a platform noving
rel ati velwotwooddseoobar get, the nethod conprising: (i) reeeruingsdo@arnsmtting
an RF signal of a certain linear polarization direction;(ii) receiving and
storing data regarding the position and pol arization of the target and the
antenna system constituting position and "ol arization data; (iii) in
response to said position and pol ari zation data, having the active

subsyst em sel eciietsivingr fnd storpgadatautchardm @ tho pakitionyamde polaaizetion aof
central axis of the antenna system roll rotational npvenent about a first
axi s per pendi cul arthg otasgefl analdeficnS@tEgNa FESISManSPNHKUINE PApdivs: &d and
el ectroni ¢ scanning;_thereby all ow ng positioning said planar active
subsystemw t h reé%’é%féz ?lé’nscgait%r target such that said |linear polarization
direction is al fjgnedipddsBossd don@dd PsghaﬁIaﬁatpomiﬁtfo%dt&rhmng?ﬁ]er@éimt' on
received and/or transmtted by at [east one noving target. According to
anot her5 enbodi nentsubsywennr sstivel ynperformingpazimiude sotadonal plasedntabayt

ant enna system accommodating onto a platformfor tracking a target noving
relatively to the dfentradmpisconiie iterna system; radl rglptaenal meysmentsaliosy &t em

AN S A g R X NI
or Sor e SR ATGORLEG KBt o SubevStem o cper bl
per pendi cutltetiyo aHophmnosieionngd sdiyl slahal pdtBrasutagticre vatbsypeento said
third, elevation subsystem coupled to said second, roll subsystemand to a
fourt hlQzi ruget sudsyibaersaid dintanzpotatimtsubslrctiondisf iabighed awith 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 subsystem 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 _aﬁtenna 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.



central axis of the antenna system and bei ng operabl e for providing
rotational novenent of the first planar subsystem about the central axis,

t he el evavpanosushmyst em bei ng configured to provide a cectraiLmosogeiar
orientation between said plane defined by said active subsystem and a pl ane
defined by the azimuth subsystem According to another enbodinent, the
present invention_provides for an antenna system accommodating onto a

platform for tracki a target noying relatively to the platform '
conpri sing: - ag?‘?ﬂ?fgglgpt%% SEFF%@%UB%@E}E%H{% Rt ipjertipy provides for an
recei vi ng/ fransimddiing | |, of gl ropol.ari i

directi on;ér{t a se}(;:st(g%@ a%(@f’ﬁﬁg%[g{%? gﬁ% 8§f}%ﬁélgﬁtf§rsgjia§%g§t ?\}%@gﬁg@/\gﬁ%m and
operabl e frefativelyid @lea}ilamjrmﬁhﬁp@gm%ai d active subsystem about a first

axi s perpendicular to a plane defined by said planar active subsystem - a
third, elevation sulisyplaar aotive stbsystemi ehesadonfor recdivingdtbmsstitmgaan to a

fourth azimuth subsystem said azinmuth suhsystem defining a central axis of
the anPenna syst eRfaHENYMRCH AR dprar PJIANE A drer§latet at i onal movenent of

the first planar. he cent.r.al [ S the elevati.on syhsystem
bei ng configured ?Bég%ér/%%?@é%gﬁ%}g&%ﬂscpgﬁég tgﬁaﬁlx%?wgrsﬁuﬁﬁf%?lpc?ﬁdiWeﬁa%ﬁﬁnge of
0-90 between sai dfpf anatig@dll MedeRnd ¥rdaffbbdee SUBSHSR ML aaﬁl?it%q?,
defined by the azinmuth subsystem thereby allow ng positioning said first
pl anar active subgygteadionldritoragsipee tiefinedby daidgrigedr astied stbsyistesnrj d | i near
pol ari zation directjon is substantially aligned with a |inear polarization
direction of RF radhid; Javatiaesuhsystgruromled knsid seeandpyol pebsystege and

rethod U or &1 acki 1t neoir SGHE Shpylstituy Sar it s SeBe e 2% °
accommodat i ng ont @edrAll Alif YMEHiBShd 8 RbhVEld bRt BerhBIeIf) pRRfhiRgVi g a

pl anar active subsystem the nmethod conpri sing:
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 0°-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/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:

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

25 direction;

(i1)receiving and storing data regarding the position and polarization of
the target and the antenna system, constituting position and
polarization data;

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

30 subsystem selectively performing azimuth rotational movement about



(i) receiving/transmtting an RF signal of a certain |inear polarization
direction; (ii) receiving and storing data regarding the position and

pol ari zatwonoedostdee target and the antenna system constcirut.zeoso@e®i ti on
and polarization data; (iii) in response to said position and pol ari zation
data, having the active subsystem selectively performng azinuth rotational
novenment abouta central axis of the antenra system roll rotational
novenent about a first axis perpendicular to a (pl ane defined by the planar
active subsystem aacehtsélasist ofvbleyardelinassystens rdl siglidmal movanenrttdbout an a
range of 0-90 between the plane defined by the agtive su sys[em and. t he

pl ane defined by tiHet @Ximprespendigylar dfy at H@“@bﬁeﬁpF@)V\}Phgt SoBlaAb Ay Ssai d

orari zat i on di r oo PORL A SRty ROUNA P WEhiaF MGl R0 e °Cf
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how it gmy be car rljl@,qle @éﬁnddnbprtﬁgh'tiﬁﬁlth@ubg}fsft@ﬁ[ ed enbodi nent will now be
described, by way of nonlinmting exanple only, with reference to the
acconpanyi thgrebyanllogsng ipositionotg s#EHidgplanan activegeuhsiyalens ivdé véspaci i seidoss
section) of an antenna sysiem accordi.ng.to an enbodi nent of the ipnvention,;
Fig. 2 1s &8k éu%ttg_?i é&‘iﬁﬂ@aﬁiwﬁ‘(@%‘% c?g’éec_E‘@Et iso_r%ﬁgB?gaW‘tgnf’e_ R&fsyst em
accor di ng %gla?ﬂaﬁgﬁp%ﬂje M PR Fh%ié&fbvneﬂ‘{c'e%ﬂﬁ réaﬂsﬁ?i’f’t’ég'@%{efe?aaco artial
view of a rt"of "an antenna according to an enbodi ment o he T nventi on;
Fig. 41is @arg@tneral side view (in cross section) of an antenna according to
anot her enbodi ment of the invention;

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 drawihgs, 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¢ 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.



Fig. 5is a general block diagramof an antenna system according to an
enbodi nent of the invention; Figs. 6a-6c illustrate the principles of

posi ti oniwg 28ewbspwbari zati on tracking according to an ewpedizmesvoief2 t he
invention; and Fig. 7 is a flow chart show ng a sequence of operations
carried out by a control unit according t.@ an enbodi nent of the

i nvention. DESCRI PTI ON OF A SPECI FI C EMBODI MENT OF THE | NVENTI ON Accor di ng
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geostationary sate e antenna system provi des positio

capabi | i ti gsplasforsl | andls ppefletbly a4 i nOvincagkitfigne qReabi Airbdas, plabft@hyfor

i mprovi ng conmmuni cation of RF signal having linear polarization between the
pl at f or'm atansnitdngend/oFirgeeitingskRE signadhaving liecay ipslar(Zatioorto sedsfsemi an)  of
an antenna, system 10 accor.di ng t.o an e od&trrgant f the invention. Antenna
system 10 1581 QBedarschmaving 4°1a5Nely, 1o, PRSI - & u Bt syetli®ing a

hori zont al i B_axi: r.pendt cul : t nst i he
hor ! 20mt 2 151 BBy e B RSB PLRRAM I Abat et LRATRL Lot ARGhe
tilt drivifgclaHBSylabilitled, dBéfeB Ngh@ROvNe SoMnAiflcatich ocBXRE ﬁgﬁzﬂeﬁmiﬁgl ar
thereto. Also shown is axis D, perpendicular to both B and ZB. A

subst ant i alihgargicdaazataat herecsnbwysladormands: taoggdl ed to the tilt driving
subsystem 14, along axis A and_is operable to perform el ectronic scanning
wi t hi MGone C (FieikiaBISEIRFOER NifVsEdnFiosy SaFiY ‘bﬁ{ arp@ntenpg systgm 10

t i t . Th t] { 16.i
Connect ad f5afg® 4 dbePlndn b K B3R Ainy "FaREht SSuSRLRLF R ks, esen
i nvention gshoyNajifdth drividg s@dysRhf 12 YREAMLY hBRsohalaxidEsEs B akiseedom
allowing it to selectively perform

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 Zjg. 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 to 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 tilt driving subsystem 14
(and the active subsystem 16 accommodated thereon) around axis Zjg.

- 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.



el ectroni ¢ scanning, azinmuth, and roll novenents, as well as tilt

adj ustnment as required for positioning and pol arization tracking, in the

f ol | owi ngwomnewarsyo0e el ectroni ¢ scanning within scan conec@iLzo08/b@2azi nut h
driving subsystemrotates the tilt driving subsystem 14 (and the active
subsystem 16 accommodat ed thereon) around .axis ZB. - the tilt driving
subsystem 14 rotates the active subsystem 16 around axis D, thereby tilting
the active subsystem (axis A) with re gect, to axis B.- the roll subsystem

rotates the active§updypubaysiam ralttsice agiike subsyatesnl fianoundaxipduher
enbodi ment of t invention, .gen | ], ow,in Fig,. 4, afixedtilt.is
provi ded, e.g. gﬁccgﬁ%}ﬁg tlonar{qji]gerr §xlr’r1’§8d%?grgo&gBlebgqtv\ﬁggﬂn’aﬁii’%er %;‘?&O&’ﬂ g ﬁ\:
Accordi ng thisg i - qR@sd ti gni S Ak hZ tracking
are carri egjq%u‘?’ balggaéggtlnl ! %’/Vélr(rigg’tésgl %pgﬁglgq?ﬁ}rﬁ%gén g?ﬂggés %JT) ?é%%QS%X%aS
fol l ows: - Beh@dhkianA CASEERIMAED Wik emboaﬁﬂemg@a@iti@nirag A QveiZdsE 1R tiod N9
subsystemrotates the tilt driving subsystem 14 (and the active subsystem
16 accobmodrackugtdre cennd euthasdd arinsovements imenhothrees dbsryss efifreedahess t he
active sub§ tem 16 around axis ZL. As will be detailed further on, all
degrees of %ﬁ%\@ﬂom are controlled by a comon control system (not shown in

Figs. 1, 2 and 4) é@&rgﬁgégéﬁiég“ﬁmﬁ%%pé&n%' on to provide positioning and

pol ari zati on tracking. ti've nature of  the dynam c operation of the

various subsyst emsthid dzimbeh Q%Wilgé RAHsysrh Nekated thfih dfi%ilg gﬁ'ﬁs%_sﬁe%l gfég A |7

Turni ng back to the enbodi nent the invention shown I n S
a nore detail ed si(@edvheact{vensubspstsnsbE accamymotiatcdeharbapaouay ake&Z10 shown
in Fig, 1. According to an enbodi nent of the invention, antenna system 10

i ncor pbf at es an-achevell subsystaramotesesiihe eptivoshsysen 36 asowut axaniZaal | y

lsészanned, subst ant ‘\%hi Ye pcie?aﬂ?erd ﬁ%%?%n?%fla(i”eg?getseor}n&eédsdln %rd bor?tsroﬁehc? ‘6’9 ai n
g. 3. Antenna’I5

‘ 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
incorporates an active subsystem 16 which 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
interleaved arrays 73 and 75, which have orthogonal linear polarization, are

30  suitable for communication purposes since transmitted and received beams have



is constructed fromtwo interleaved arrays of radiating elenents 73 and 75,
orthogonal to each other, having linear polarization, designed to transmt
and receiwe 2bks/0sagbat i on in different frequency bends, Pprespem0sVEDY
According to an enbodi nent of the invention, the radiating elenents are the
known w de-band Vival di antennas, which mpy_be excited by a transmt nodul e
TX, receive nodule RX or a conbination of TX and RX. (TX and RX nodul es are
As is, known in art,..antenna 15 furt rises,

h i.n.Fig. .3). .t.h .
Mnter ol adiMiseastyeiraiiiess T SgonahiBapRciBh Gaft Sty Actatdin &R known
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| i near p0| arization, are suit or comruni cdatl on purpos Sl nce

transm tt eghrRl) k. g eCRhNSRisbiOANErd1avAtirhfrefoesttelitealensd 94,14 BuSHoba,
interfere with each other. According to an enbodi nent of the invention,

ant enna 15receiviies (sgtedbitef toraimpeft pini thg 10W > he /Kbbabahd.e. g. transmi ssion (from
aircraft to satellite) int %4124-14.5.% band,a]:ﬁ(i ei,ving (satellite to
aircraft) in théumanggagk to etV RURE YR eepgeommodates rglly i v e

subsystem 16 fur o] (VAN e £ Si.Ng
ol ol at e Bungo RS SR h gt C ol i B AR TRy ERIET S 26"
hol | ow shafdnqdetddt KDIPHIatOLB RRAH holswIhadngoufitedoxRBbI beXringd BOMAUOK 35
and pinion 38. Roll subsystem 18 is thus designed to provide roll novenent
(i.e. rotamevableundrakinsot@A3Sasmdspioven 88. Kol.subjystethel& pythak | designgddnt enna
15 to keep matching its linear polarization to that of th 'trﬁ:kﬁd

satel | i t e. Pyawedsy lhgpavsment dhpodtaemrowrd aris Lmvanshoun 1 fig, b). thexsb¥nent

islimted to 180. The epna 15 s f Vi . 8.1 0 -LphLnt. ship-rings
bi ock [thot ALfsleint e bl € RO sk iF e B BrioBorpl Lo bt s
(not shomgatelﬁ%e.kﬂe&&dngg i anakhbYiiiledt SRR ihvRnBbRCIHOPIE FhbversshMREd
phased array antennas, better antenna performance is achi eved by

mai nt ai ni ngndifed @l £V80°L dheanatenabld/ & fddevial @peaabtdriigomut rséiy- ey Blogk
certain value, typically about 30 or |less. Therefore, according to one
enmbodi ment (mut shoven),ragsehbled, indh¢ hollowrshhs, of byfexiblgogbles (mubsbowad wi th an
azimith rmverrenltgsflg)nro\%i ?rll %en %rte\lv?t a}eiép?enct Ctgve?éc%rgoenically scanned phased array

15 »antennas, 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 subsystem 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



of 90, as follows. Tilt subsystem 14 (shown in Figs. 1 and 2) conprises a
tilt base 32, to which is connected the radiati ng subsystem 16, via the
rol | subsyetesmes@ooTi |t base 32 is novable around tilt akiraLidoesev1g72 by a
notor-gear unit (not shown), coupled with a gear, (not shown), attached to
tilt shaft 42. Tilt subsystem 14 is connected to the azinuth subsystem 12
by side plates 45 via tilt bearings (not "stfown). Azinuth driving subsystem
12 (shown in both Figs. 1 and 2) conprises azinmuth turntable 48, rotatable
around axi PlABMACESr &h afcradt) adzémbddmeramest i achieyrdehy iagimuthzinptar5

turntabl e 48 has a_hol l.ow shaft, on .which azinuth bearings 50 are .

st el ©ed. SR SATD BHORCS Bk Y pEGh, Sk S rA ropEdoRs Minings | s
used to i n j h . a h URE I, f e i tform
(o5, an atiSt, oo’ JBREA ] O UMW SR BE AS PARG0P adReaBr Y] MWL

azi mut h pi RbAveARg RS ARtV dhdeediichtygear 65. A rotary joint-slip rings
block 63 is attac%ed to the holl ow shaft of the azimuth table 48, to all ow
conveyi g RF radihetdizomutdiledmttoll diiving Stibsysteimsuelemadrits 12 ahdl and|18) dré vi ng
subsystens (elenments 12, 14 and 18) are coupled to and controlled by a

cont 1ol sy§§>@me ﬁetar@hfeﬂmq?@&wg% contrghgyss§m (pRE shwan Fagntlr end %gfsflﬁn and

its operati ]| i S faurt ] ef.erenc o.Figs. 5.;to 7.
As is clear 8[}16‘}4\%111 [%)Bgrgﬁ Sggt'régneggfjnlltl{ ﬁ@géf[];%ta \(Ij\qlvtgi;liﬁlt% ,dlsﬁjé%ﬁ?gnfu{%e,r gOd’r W(ﬁhner
servo compegRide t8Fi¥elsltoas encoder conponents (not shown in Fig. 2) used
for controlling the various novenents, can readily be integrated in the
system It shoulAs Belearderngterssh véaed imhthd arvedigital) mechanical, iofotled sbywd he

type and kind of drivers (notors, gears, etc.) used, and other driving
conpond®t s CONRORCRLS, Banwaleast SRepAeT earBpPenety d8et yhownninelisndlo usek fahaf t s,

can e, aPPLORL AL e, bR TFR30, AR LG 30P i, i 1
i nvention GRBuIREbe 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. S 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 satellite). 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



inplenented as a relatively small and | ow profile system (e.g. dianmeter of
about 90cm or | ess, height of about 40cmor |ess). The systemcan be flatly
mount ed ewg.2o@nsvdee crown of the aircraft, thereby proviedirngadokeoiaix craft
wi th inproved comunication capabilities w thout harm ng the aerodynam c
design of the aircraft. Turning now to Figg_ 5 there will follow a
description of the common control system nentioned above. Fig. 5 is a block

di f t 00 di t he .enbodi fent_of th
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subsystem 110, (hkrofl&}stemal SR HhETRBIEA0 eiktdrhaldyisvd@nstdiwat RIFiL38 and
azimuth driving subsystem 140 are all coupled to a common control system

150. The ctngr datzystseemd Scconmpodaed, ontot ¢he amicajing etformal fe.gcedebalg uni t
(CPU) 160-and .a nenory 170 c%upl ed to the CPU. Note that the invention is
not |im teBOHORKE |(GRP ) HierigunatigdiPbpysie® bRy Mcalgalfnsystemt r ol

system 150 _j le & xt er.nal S o] ho in Fig. e.g.
data syst e%@é@%@%ﬁﬁf@%ﬁéﬁ? g R%gl%\‘}?%g@&qgﬁiosﬁyﬁfe&%p %“r"é’iﬂ’g?"g%té? & oni ng
system (GP@ita inpat tthédulBAG098s IR 3y SheTEUNRD0 ahecamf?g@&écp%xsggﬁmn%nd the
| i ke) for receiving position data. Control system 150 accommpdat es a data

i nput nodupesitish dacumlatihg © theecl@ive Pobitamdo e frhguingdlatbornprath tispect
position data rel at.i ng% to the relative position of the noving platformwth
respect tolq Hee MANIRY @r&ege@m@@ln@y%q:msﬁiﬂ dwithgoagapmnedatgs coppytianieg a

Do L3O 5k RS PR S R SRR,
ol ar | zat | B FT AL S R B TR STl IPAP ARSI now
be detail ed104140. r ef erence to an exenplary scene and exenplary control
parameters Showﬂl’hienprlizxicqgl'es 60af- ggs'iticl):liligg a?'l% ggﬁlﬁa%igg 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 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. 1 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 (elément 15 shown in Fig. 1) and along the center axis of the antenna
25 s 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 S, represented by Og (the angle between S axis and
Z axis), and the angular components oy, ay and o,

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



nmoving platform aircraft 202 in this exenplary scene, and the aircraft's
coordi nate system 204 used for describing the novenents of the antenna

syst em acwonrdesng7do0 an enbodi nent of the invention, in woirah208sen®
starches along the aircraft's wings; Y axis starches along the aircraft's
body; and Z axis is perpendicular to X angyY. The antenna systemis nounted
on top of the aircraft 202 and therefore wth reference to Figs. 1 and 3,

e SR i o i
E 1
oceted ony e, B LARE PRGBS LGl TS SR B, 2,

system 206zAAAb%ﬂt SRV, fhdth Ghofd IS Fie. MDY iTHE SQi@&h 165@"‘ &f biid Bor@@A N this
exenpl ary scene. The p05|t|on of the satéllite 206 |§ defined by its

posi tion vegptady tSthe apga&erﬁrmtit)orqethéts}mecedmgll gilvetbheewaerSpiains AanddBaxi s) ,
and t he angul ar conponents ax |, "and az . Fig. 6b illustrate the cone of

br oadside Gheeatindris. AI;a@fdeﬁm@daah@ﬁnalt%yeﬂeéqﬂcerte@gst i Ingnd 3 ob¥ote BBbby
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axis ZB (both shown in Fi e~sol i of the cone AC equals to

the angul ar ori Bigh a&d flilus(rahs @peganpbdy skt Iof contret peeim@tai A8l 4 &iited

(shown in Fig. 1), as detailed above wth reference to Figs. 1 and 3. Note

t hat by onélsemm@n drthe gitera sysiemtmonnted anbosith thgeaistraft with. reapecs h©wn | n

Fi g. . anot.her .enb T is fixed ( hown in Fi

6 1 ¢ e e e i8R Fediner monagon didon e St e sfe s

dlsp05|t|o t ard the aircraft with respect
ﬁllﬁed Wh %l%ed“ﬂﬁe §%t%f1ﬁé“ TRYBGE éﬁ' SIRRPR

to the sate te, 1n whi I near arl zation direction of the ant enna

systemis aligngd Mé hRglehriwedn SRRdSRE e&ﬁtkéleamsmﬁﬂhe a%%&n%f(w . the
angl e between S and t he central axis of the antenna (ZB) t he tilt
angl e of the broadlse tidt 4nile ofithd bresiyédd (20 with eepdotab thxicen®wél axis of
the antenna (Zp);
15 Oscan: the solid angle of scanning cone C shown in Fig. 1;
S: the position vector of the satellite, represented by (o, oy, @), (Olg, Op);
V: the broadside vector of the antenna (pointing along Z,, the central axis

ant

of the antenna), represented by (o™, o™, ™), (@™, o*™),
According to one embodiment of the invention, in the desired disposition,
20 V lays at Zg-S plane. During the relative movement of the aircraft and the
satellite, Os 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) Oscan > 6g—-T if 65>T,or
25 (2) Oscan < O5—T if Og<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).



the antenna (ZB) ; qgscan: the solid angle of scanning cone C shown in Fig.
1; S: the position vector of the satellite, represented by (ax, ay, az),
(CLQ af )wp 2woe/dsheobr oadsi de vect or of the antenna (poi pricngoakong72ZA, the
central axis of the antenna), represented by (aant x, aant y, aant z),
(aant g, aant f), According to one enbodi gent of the invention, in the
desired disposition, V lays at ZB-S plane. During the relative novenent of
the aircraft an ero to 90. In order to

ij the satellite, gs ma% \é?rﬁ/ from

keep the |inear "h&Ids waprligveithe desBRd SHSRATEIGhEHRE anteeaY ¥R PhWithat of
the satel ||t | .SF.equi.r | ow rel at i s Gl)
qecan > qorBeetipIE skyliE el Bilolug QAURMCL o7 o it B Bl flkie, 71
in the desjy&gried SROBY {hOfomm PPSHRD UATIAHICYNR MEEH (BRI 56 shBivhe
substantially intersecting the cone top. According to another enbodi nent of
t he i nvent imohig. Shatdvedestoradembsditien oStlsuinstanon:al | y coi ncides with the
center axis of the scanni ng cone to yield mniml, scanni ng angl e, ug_@to
zero (nd scanni HyopratiendilPerpeeiving paeé starigdginosdiamandipelprigation ebBsi t i on
of the antenna.systemw th respect . to th atellite, the faollown equence
of operatié)%gﬁ'é%de@no%ﬁng HO%II(((}JR gatbilcss?’cg? itﬁﬁ IR, anfle PRIGREBHOL SHe TS uni t

ina cycli snﬂaﬁﬁmé.g.( ﬁkﬁgf&&ﬁé@g%@%ﬁ MhEhDst éi}%r%ﬁ@% it@ﬁls%occﬁ]@tiﬁm?l I ment

of the invention® Pn opé€ration : receiving and storing the position and
pol ari zat i positibntdne palagizhtidoe daea of thsicngrehoekolet of apbmsipn. dNude tthat ghesi ti on
and pol arization of the = . )

position and polarization data can be achieved from various sources, e.g.

10  localizer of the moving target, GPS (Global Positioning System) system, 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 systems shown in Figs. 6a-6c, at

this stage the following control parameters are defined in a manner known per-

ant ant

se: (Otxy Otyy Oz), (Olgy )y B, (™™, ™™y, ™), (@™, ™).

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 operations 314, 316 and 318: the specific control parameters per

25 subsysterﬁ'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



antenna (e.g. using data received fromthe host aircraft's systens),
constituting position and pol arization data of the current cycle of

oper at i onwoNoseastdeat t he position and pol ari zati on dat apcanLheseabieved
fromvarious sources, e.g. localizer of the noving target, GPS (d obal
Posi tioning Systenm) system INS (lnertial pavigation System) system
altitude system neasuring the altitude of the noving platfopn , encoders
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tinmely manpgeived] 8@ nddatr bfigtuth N1 MEMtpossibles- Nftadpeindniiseheluargci fic
set of control paraneters that are used. Using the coordinate systens shown

in Figs. 6a-6c, Tht nhinsutht agpistrhent qcamisdngutobyr elg. pdranetienth adevidef i ned

I n a manner known p_er se: (ax, ay, az), (O. af), gs. (aant x, aant y a
ant ),  aabibsystegndg. shown fqn foth zf%llgsorl Bﬁéﬁ)t‘ﬁé’eg}éﬁméﬂtmd&ﬁ@ﬂﬂ rfateatist er s

hat Ccur r oRtotgSids il U P58 a8 B RO e B BhnbCandefheh™®
adj ust ment c@fal19Mke Rhatdte it 88510 did; &%%edtsomq%f&% drfy 9{&65&&1{19&8 314,

316 and 318. the speciTic control paraneters per subsystem are eval uat ed,

e.g. as destienbprbjéeted heverbédleolyz-Sopmin.hatccording nieeahi embodimeit éurhd by
the specified control paraneters and rel ations, and others may be used. In
operati on Bp@ntiph, Heetwitutlaadpstmeant Sdimim ivperddedns (8441,)34 §odhd od1g) |
'Pirﬂ/i dlid*lg %A r}](,)uhgwgr}e a{i8£|(3)r:0t ation, and if possible and needed, providing
(3) Buvimutn = atan(ay, @)
The roll adjustment (carried out by the roll driving subsystem 18 shown in
Figs. 1 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.
15 According to an embodiment of the invention, the roll adjustment 8, is provided
if (otg, 0) # (@™, &™) and follows relation (4):
(4) O.on = atan(oy, )
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
20 adjustment can be performed in order to provide minimum scanning angle
(preferably achieved at 65 = T). Therefore, the required tilt adjustment &, may
provide a new tilt angle T such that minimum function min(8s — T) will follow
the relation:
(5) 0= min(6s~T) |
25 According to another embodiment, the tilt adjustment is déﬁned as the
minimum that is required such that 8 — T is equal to or less than a predetermined
value (e.g. in the range of 60°- 70°). It should be appreciated that tilt adjustment
may be required only if 85 extends a predetermined value (e.g. in the range of

60°- 70°). It should also be appreciated that other considerations for defining the

30  required tilt adjustment may be applied, e.g. limiting the tilt angle to fall between



rotation. Note that the relative position and pol arization of the satellite
and theaircraft is dynamc, due to the relative novenent of the satellite
and the awvoeo@fdsyooand therefore at any instance in whi clecraneogsithizon and
pol ari zation data is received, the need for azimuth, roll and if possible -
tilt adjustnents is evaluated. The azi nut E7adj ustnent (carried out by e.g.
the azimuth driving subsystem 12, shown in‘both Figs. 1 and 2) is perforned
in order to rotate the broadside (ZB) to the ZB-S plain. Therefore, the
required a20%d0h adj ustreeRorteguadrs, theeimieatige dan bheppltdwitre adisgsl tltenent
of the aircraft and the satellite, when projected over the Z -S plain.
Accor di ng #rglenasmbomnmemtligs % rand hyeneh @ Impéerasntation aaj dyramis: tilt
dazirmuth is,provided if .(a ) (aant x, aant y) and follows relation
(3): (3) d%‘i’ﬁﬁ‘i‘}ﬁ? éSB‘EQaVﬁ{’e‘g?f,ﬁgx) The roll adjustment (carried out by the

roll driving su h | LhoSted ol r ' der to
adj ust the di re?ﬁ‘%%]&g?&%glﬁa%ae? |9((1)Eél‘%?k?%é@gﬁ%@gg%zg?Z’oééngr%gg%lIg&éﬁ@%ges I n
t he di rect scanndfg. Nietepbhtaid 2Rironicofcahhmgsiatreqhiréd whinahe drogiside afithe
enbodi ment of the invention, the roll adjustnment drouis provided if (aq,
af) (aant anfenaagoincjdesnvith ghe caksllite positem yagtor 84)n @thsir werdss gl§ctragic af )
As descri bed above wth reafregce to Fig. 1, the angle T nay be changed (by
use of theSQi’PP\‘}%lssﬂ%éyg’ceé 947k shown in Fig. 1): In this enbodi ment,

o SO UEU e aB g REL' LR Ok SRl RUORIELE) TSGR 18,0
\tNi lmlayf glr F\éevﬂ?ﬁgnir@g}{vgq ti(;% :imlti%n-ﬁllﬁkt%iea BBb VY dpefatBr 31E Isl RBFIFYAASy theT)
10  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 transmit/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 platform and

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



(5 Omn(gs - T) According to another enbodinment, the tilt adjustnent is
defined as the mnimumthat is required such that gs - T is equal to or

| ess t harwe 2pscadedoer mi ned val ue (e.g. in the range of 6@cTAD)0os/bd12ghoul d be
appreciated that tilt adjustnment may be required only if gs extends a
predeterm ned value (e.g. in the range of §0- 70). It should al so be
appreci ated that other considerations for defining the required tilt

adj ustment may be applied, e.g. limting the tilt angle to fall

bet ween20- 3difinetionsr and mlteraimmspathouh dleparting from dlam sbepeapplthedresienh a
fixed tilt .angle, as shown in Fig. 2, and in such an inplenmentation, no
dynami c ti "fVEE°dst ment is provided at all. In operation 330: if needed

(checked in openaton 326), RE!TALRASKEST 10N GroCAAILAD. indaled haly NG

el ectronic scanning 1's required e broadsid he "antenna coi nci des

with the sampldrméme®®S HdiRB MBE tree MedrEes0bh BlcedOindss ftlRed (tRBIfBlISGANI NY
is performed if gs T. Referring nowto Fig. 7 in conbination-wth Fig. 5 :
accor di g trefeagncemboabheren¢fenfo Fige l)nvention il l ustrated above, operation
310 is perfornmed by the data. i.nput. nodul e (el enent 180), and operations
312-330 are carri i st driving sahsy SR GHEMEBY I 11 Big- dol thatgelateygthaddur e

(el ement 190). Itgh-gld regia hat -t he,\ nvent,i on i s t und by
the specific consi érlétgi S&ﬁ%@%@@ﬁlﬁ%ﬁﬁ lhel_fr?lelljf '\;e\}!)t hanr%e#heer gchtbvee ?@os&?t&n 7 1in
order to illustrat@|QRénteTOPEEITRNhoBAtel RBerbBN QRS HNaxig 2y, ot her

consi derations can apply, wth the necessary nodifications, wthout
departing from t-hea sittogéviaf subsystemek than rotites the asen¢ subsystetn a6 anasnd
described with relation to a transmt/receive antenna and RF radiation of a

certai A0l i near pol @& A3t thereby tilting thed agfévar ppbwstaan daxishA) WiHe respssief
invention is equally concerned w t.ransmt .£nhna or receive antenna,
:an\(;. RFI raq: ati gﬁ o‘l”?/lﬁggngy Fﬁﬂ%ﬂ%‘g}ﬂ;r\)‘/}%ﬁn@ﬁT% h the appropriate

modi fications. The, | Y §Mdh QR R ISR RE do M Mpsy¥eh'16 GESUNEEs 22

communi cati on
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 s

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.



between an aircraft and a geostationary satellite. It should be noted that
the invention is not limted by the type of noving platformonto which the
ant enna syetesissoooount ed, e.g. ships, |and vehicl es angcmmrmos/bointher nore,
t he present invention was described in details with respect to

communi cation of RF signal having |inear _ gl_ari zation between a noving
platformand a target. It should be appreciated that the concepts and

principles of the invention can alsp be inplemented for conmunication of RF
si gnal s havi ng Fti Wélg?ﬁﬁd?eaﬁ”il‘ieﬁtio% tg%tt é‘bfms)t&m A dingator Bennueriion M@ ng

target or yLce vel; ' f fd t et or, novi ng . pl atform
and novi ngg%ar%ge ,lﬁl&nh% EB%[(P]%}Qg!g%?%p?élgbg%gdisﬁ%g}i (a)IF‘u e&%ﬂ%f”aldflfér é’{‘Y%‘ﬁlé),n

wi t hout deperitehiatts AMedHpuRE 6@ bBRgPIAasBE by Hett by eRQhoal so
be appreciated that the nglése(rif@% n\}lenti (%n can be $m%%?g£6%$ u5|fri:l§ only
t hr ee degr tes methdd eddihm myehtbh.olbe (inkentiai Ifosthag coafepigines Hunddiise-r ef er

to Fig._1): - sg azimuth drjving subsystem (elenment 12 in Fig. 1) that
r ot at es® t hEcadable wemarkgargibly smbady BizeadrioSrm of ippiguctionsagrtcutadladyi ve

ar vl ng-sullEyBREhs 160 Ra R AT ek R e AR Tn 8 s o 16 ar ound axi s D,
thereby tiltingaAlde i@gth\w ﬁHQ?sY@&?iHaF el eo‘f@%{‘%ﬂa(f%%%olgér t@ﬁ-;'gfo gy a

tilt angle T, wherein 0<T<90. - a roll subsyste rotate ctive

subsyst em hérear arerfdr theipmrpdse ofslesleftionked should moeberegaded s BRgi@t. i on 320
shown in Fig. 7. by providing a tilt angle in the range of 0<T<90, the
el ectroni c scanHiifdnaagae, ferefare, thattheseeneeef thapnventps=i©nor conttheed asor ds,

b i d i dj f.th ilt le T, di t nbodi t

of thelthr SRR ety oiF Tusbraiombpaimsianbrinples posiordirandomer
Lari zat i omn: . 4 B . ! Ra

e erer apl y RS S0 SoibBWHNIMGCAESS, b uREBEST BLERIGCH Se BRI PLAY. g

nmovi ng t ar gspehdedrolaihednd tHedr équiedenkat forns, |and vehi cl es,



ships and nore. It should be appreciated that the antenna system according
to the invention nay be used as a radar, an electronic counter neasures
(ECM syswemnewosamoa conmuni cati on antenna, such as twopgayLiwseadband dat a
conmmuni cation via satellites having |linear polarization node. Those skilled
in the art to which the present invention:&ﬁrtains, can appreci ate that
whil e the present invention has been describéd in ternms of certain

enbodi ments, the concept upon which this disclosure is based may readily be
utilized as a basis for the designing of other systens, services and
processes foOr AqMf§yi ng out the several purposes of the present invention.It
w Il also be understood that the system according to the invention may be a

sui tably prpgra”%g?}%g@bﬁr?igb?&é i S)Lgté‘lﬁ%é&)l‘?lrnhgatii Ak thp%ﬁ% Hpl €S a

conput er program bel ng read a conputer for exetuting the method of

t he i nvent iteackinghe tdrgeembi g feldtivRey tcoRtEabat eongprigagi ner eadabl e menory
tangi bl y enbodyi ng a_program of instructions executable by the machine for
executing the nethadist planar jagtiee tsubsystenseperahleifer recehengAckmsstivog amat

t he phraseol ogy an erm.nol o enpl.oyed her.ein are for th ur pose of

descri pSi on and sh Iﬂg%ltO%@%Q@’?h@garééoqf‘?ﬁtfqnn@.reqttoq an ﬁ%o?eﬁ%tﬁt",ey

therefore, that thgeﬁﬁﬂ'{?ﬁl Oé]eéﬁg&&b%ﬁﬂﬁh%n is not construed as being
strative enbodi nents

limted by the ill nd exanpl es set forth herein.

Qther variations apge@fs irdil Subdylshim cbﬁﬁleSQ@_@@id@fcti@@%u@%’%ﬁ&ﬁtanﬂ'b}&)%fﬁﬂl@”A as
defined in the appended clainms and their equival ents. CLAIMS: 1. phased

array antenna syst ém seioonad daoivegeonod saidhetivosnbsysten raboki agfisstt ariget
noving relatively to th&, quatforrP can&r}icf]:)ng:, - a first planar active
subsyst em oper abl ePFPENFICEEANP 3g anafeined bnsaid plagar seyKasulsysiemer t ai n
| i near ;gol ari zati op g 5 el [ S | Ve erfarm el ectronic
scanni r%g ; - a séco%é}?ii 'ré,oeﬁ%vqgfl}bngé&sts&#}e@()ﬁc;ﬁ%g%d %oé%%g%co @t f@gg&%g&?& 8%11 and
oper abl e 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
15 angular orientation 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

20 target.

2. The phased array antenna system according to Claim 1 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.
25

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

- a Central Processing Unit (CPU);

- amemory coupled to the CPU;



for rotational novenent of said active subsystem about a first axis
perpendi cul ar to a plane defined by said planar active subsystem - a
third, elwoaveswz7mobsystem coupled to said second, roll pewhsxst/emand to a
fourth azinmuth subsystem said azinuth subsystem defining a central axis of
t he antenna system and bei ng operabl e fo_rzp[ oviding rotational novenent of
the first planar subsystem about the centfal axis, the el evati on subsystem
bei ng configured to_provide a certain an%I ar, orientation between said

pl gne def i neﬁ byb§aﬁ1?ilaa.lépll§/§1@hﬂ§y€§tu§1ﬁda Sald]?pfrlé %’ié‘f roRrEcAPle He @atanut h
i oh respect o saractaryero Bual bRk 1818 ke xPhn e lite. A e BePUCRY G T
substantially ali %B%‘E'iow&f@aﬁ‘i Lisak %%gl;%rt E#ﬁ%gitﬁﬁgg&% of RF radiation

received and/or transmtted by the target. 2. p array antenna
system accor di ng tagosltining amd @oRirizatan tratkingtmodeleandphuadtof theGHU and
subsystens are coupled to a commobn control system configured to operate
said fiSrst, secongoafigufedfor hpeabisgsaishisrst.rseegmt pndfowt swhsys®msThe phased
array antenna system according to Caim2 wherein said cormmon contr ol
subsystem conprising: - a Central Processing Unit (CPU); - a nenory coupled

to the CPY- a d?ﬁéa?jﬁtgﬁxge% ;yrg?élﬂla%c&lcﬁf#)p%ﬁgda‘?nﬁdﬁﬁe@l{ sﬁﬂfjdﬁgori‘ﬁ}ftﬁtlﬁ% et O

data systens of sai orm for tting data relating e relative

posi tion of coafiduridtol Rcevel tnha tigsdle tharlrer s [dadtang@eadata #Reh from: peRitiveoni ng
and pol ari zation tracki ng nodul e coupled to the CPU and confi gured for

oper at i ng diapasifion sif, the gdetidrrarehdf ther tangetubesasivanel the. tatget, Lt d@dokalst em
according to.Claim3 wherein id data [ pput podyle is configured

recei Vi, i Positipning) SysieRhepta, INS) Qastiabhuagaen YHP sfefe. AfaE s e
?'GSEBZ: t Oﬁa&fon%p%ogilt%tnf g Wgaiﬁhgecto%ﬁgﬁbsygtgﬁﬂt ;B&rf'ti(% daltf Jral9& tenirfPS

subsystem; position data of said fourth subsystem.

5. An antenna system according to Claim Iwherein said third, elevation
- 15 subsystem being configured to provide a fixed angular orientation between said
plane defined by said active subsystem and a plane defined by the azimuth

subsystem.

6. An antenna system according to Claim 1 wherein said first active
20 subsystem is further configured for selectively performing the electronic
scanning substantially within a predefined scanning cone coaxial with said first

axis.

7. An antenna system according to Claim 6 wherein said predefined
25  scanning cone provides scanning angle of about +70° about the bore sight of the

active subsystem.

8. An antenna system according to Claim 2 wherein said third, elevation

subsystem being configured to provide a controllably changeable angular



Positioning System) data, INS (Inertial Navigation System data, altitude
of the platform position data of said second subsystem position data of
sai d t hi reoubss3608m position data of said fourth subsystramoosooidre ant enna
system according to C aimlwherein said third, elevation subsystem being
configured to provide a fixed angular origptation between said plane
defined by said active subsystem and a pl ane defined by the azinmuth

subsystem 6. An ant enna system accordi to.Claim1 wherein said first
active subgyg@t@ﬂwthime?%eﬁali@#ﬁqegdeé@ei] B i @&Pi"?eﬂ}’%@?@o?%? r?gpI%

el ectronic [ tially wthin a predefined scanni ng cone coaxi al
wth said g?ﬁ@{ﬁ"g&%&éﬂ?ﬁﬁ%ﬁ Slzgﬁf}é%ﬂg' system according to Claim6 wherein
sai d predefined scanni ng cone provides scanni ng angl e of about 70 about the
bore sight of the active subsystem 8. An antenna system according to Caim
2 wherein 9aid tAnrahteehevedté¢mnaceobdiyg tter@lben riy whendin gaidce domaiqpr cwmitde a

control | ably, changeabl e angul arori entati on between said pl ane defined by
sai d acli vendupsEthemcanticaredl Hiecensrallag) the, opgeation afisaidstinely slemtion.  An
antenna syst.em accqy di 0 Claim8.wherein said common .control unit is
flrther comtvgarh bl anbrind HisCiveay e ol A CAMSERPE. ol evat i on
subsystem thereby allow ng selective adjustnent of said scanning cone. 10.
An antenna system according to Claim1l wherein said platformis an airborne
platform 10. AnAanhstenaa Systeamaacsdingdi tg (lainCl lamheteinhaii@iplatéa@ing i§ anget i s
a geostationary satellite. 12. An antenna system according to Claim2
wher ei n sakibederdatfemnt rol unit is configured to operate said first,

second (ﬁnd fourth subsystens, in synchronization by performng the
fol | owt g operations:

11. 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

15 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; '

20 (i) 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

- 25 (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 storing data regarding the position and pol ari zati on of
the target and the antenna system constituting position and polarization
dat a; (iiwoi2o0a@s@onse to said position and pol ari zat i opcaat.zoes/priew di ng
said first, second and forth subsystens with control signals for having the
first subsystem sel ectively perform ng azizrgut h rotational novenent about
the central axis, roll rotational novenent““about the first axis, and

el ectronic scanning; and (iii) repeating said operations (i)-() as many
time as desired. 18) regeivingeanth soyisigedsta degrrding theopasitiom adnpelasizaiioni d
common control unit i onfigured tq operate said first, second,. third and
fourth subsystens, i r?sfs ﬁc‘l‘?F%%eﬁi 2 gﬁ: &}teﬁg?fsgptﬁrhgcqr}?gtqtmg BRpign an

operations: (i) receiv.ng.: s{.or.ing data regarding the position and
pol ari zati on of the taoi%lezgﬁgﬁd}aﬁie antenna system constituting position

and pol ari zation d@garh_I(eép()nsbrtorﬁi@Qi@)%ﬁidrpaﬁcalpdld?%tibhodht@nﬁro@@diﬂglsé@dl on
data, providing sard first, second, 'third and forth subsystens wth control
si gnal s5for sel ecti vediryt, ssdjonsd,i thrdt hed dnghl subspstemat with oronvet] viegmals Her pl ane
defined by the active subsystem and the plane defined by the azjmth
subsystem and havi ngetasEVElyr 3d1ustiBgydEe Ang P’écque&’é@tiprb)e{%q‘éi??ﬂﬁ € APkt h
rotational novenment apeut .the centr.al i 0 r i e bout
the first axis, and é?’@&?f‘o‘%ﬁ éﬁggaé: ‘HFnsgf;Bsgs&aﬁ‘( %%lg)tﬂég%%g??iﬁg%éi g%mthg

operations (i)-(ii) asifBY shb%t@fﬁ; dedi hedinglthe ArsEthnd stan §dlackieng at
| east one target with a phased array antenna system havirig a pl anar active

subsyst em and accommueaforming rizemathpkettfionash mowiengnt elbati ke ycehtral hgis,

target, the nmethod conprising: (i) receiving/transpmitting an RF signal of a

certai A0l i near pol ar irgﬁt refational movement about the first axiS, and electronic
scanning; and

(iii) repeating said operations (i)-(ii) as many time as desired.

14. A method for tracking at least one target with a phased array antenna
15 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
direction;

(i) receiving and storing data regarding the position and polarization

20 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

25 movement about a first axis perpendicular to a plane defined by the
planar active subsystem, and electronic scanning;

thereby allowing positioning said planar activé 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

30  moving target.



direction; (ii) receiving and storing data regarding the position and

pol ari zati on of the target and the antenna system constituting position
and pol arwoabéeuz@at a; (iii) in response to said positi earanghopoeiiard zation
data, having the active subsystem sel ectively perform ng azinuth rotational
novenent about a central axis of the antenpa system roll rotational
novenent about a first axis perpendicular to a plane defined by the planar
active subsystem and el ectronic scanning; thereby all ow ng positioning
said planar active subsystemw th respect to said target such that said

i recti on a6 R, PamaReGRct B ) B s SRR By m Pt 1o
B L M L e T e S

angul ar or ipkaén e Plehavaefinéd8yRhanetivebiigdichy abdeh@planeleFinbdyby efe and
the pl ane defined by the azi rrut% subsystem 16. A phased array antenna

syst em accammddt subgydatmo a platform for tracking a target noving
relatively to the platformconprising: - a first planar active subsystem
operable for receiving/transmtting an RF signal of a certain |linear

polar 2211 o, & 1€ LU0 PR RoL G RS SEELR SHRCY SRREaEl o

- a second, roll sald active's operabl e

for rotati apakidey é‘ttmg%r%qie%tﬁ)%l}i MEhS YRYSne Bbdpeidingd first axis
perpendi cular to a plFane defined by said planar active subsystem - a

third, elevation salfaygspimaraopledubgyssan dpeeddador radeivisghsysetingnant o a
fourth azinmuth subsystem said azinuth subsystem defining a central -axis of
the antl@nna syst enRansignal alga spertnlinear grolyigtiog digection 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;

15 - 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

20 angular orientation between said plane defined by said active

subsystem and a plane defined by the azimuth subsystem.

17. An antenna system accommodating onto a platform for tracking a target
moving relatively to the platform, comprising:
25 - a first planar active subsystem operable for receiving/transmitting an
RF signal of a certain linear polarization direction;
- 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;



rotational novenment of the first planar subsystem about the central axis,
the el evati on subsystem bei ng configured to provide a certain angul ar

ori ent at iwo 2b&tose@n sai d pl ane defined by said active spbsusicesn@ntk a pl ane
defined by the azinmuth subsystem 17. An antenna system acconmpdati ng onto
a platformfor tracking a target noving [§§qtively to the platform
conprising: - a first planar active subsyStem operable for

receiving/transmttin n RE signal of a certain linear polarization
direction; - a Se@othéf,%» %8]"?“%‘115 plein e8Ire o Y dssrendhapilvubsistay eném and
operable for rotatjo V, Ld..active. . yst.em about ~a. first

axi s perpendi cul a&btgg?igugﬁanel E}Q} :%nggﬁé%nsgéfél g?lz?rr]hgﬁ %%W%‘%ﬁﬁ@i}g{geﬁx - a
third, elevation shg¥shed sOHR StchRa %%t@msﬁﬁ&”!ﬁin% Bh&ra%&@%dxshmi@iﬂg to a
fourth azinmuth subsystem said azinuth Subsystemdetinhing a central axis of
t he ant enna syst envatidnbleinmyeapert alfl hef first plavardsutgystehatbomatherostaraint  of

the first planar subsystem about the central axis, the elevation subsystem
bei ng cdonfi gured tispihs/elgration sHsysteabbaingsguligpresrtoanpridedn ddiudablgnge of

0,90 betveen, sai o e CelLaed b, sald aclyR ubsten snd A plane,
pl anar acti ve SUDSYRE ST Lkl SORORY & iRl nhed I8/ uRUSinhAtkurspldhl | near

pol ari zation direction 1s’'su anti al I'near arrzation

direction @ferd®y hRGWaid PBsiEi@ﬁﬁigV%d%fé{ Plarfal HEIRE ISuBGy MYt Wahi REF&Y 1018, A

met hod for tracking at least one target with an antenna system

acconmodat $md tagtoswhghat faod imemvpolgrizatict divedtiont is suhstan@alfyesligrmatddwithvi ng a
| anar,_ active subsystem the nmethod conprising:. (i) receiving/transntting

gn RE ) gnaflingar polagzatiom direeiaelt og&Famdz%nqrbwcameémd&f; trgnsmyitted & theng and

storing da{aggertegar ding the position and pol arization

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
15  planar active subsystem, the method comprising;:

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

(i1) receiving and storing data regarding the position and polarization
of the target and the antenna system, constituting position and

20 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

25 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



of the target and the antenna system constituting position and

pol ari zation data; (iii) in response to said position and pol arization
dat a, hawvogoddns7@eot i ve subsystem sel ectively perform ngcaairws/oiemt at i onal
novenent about a central axis of the antenna system roll rotational
novenent about a first axis perpendicular o a plane defined by the planar
active subsystem and selectively adjusti'mg the angular orientation in a
range of 0-90 between the plane defined by the active subsystem and the

pl ane defi msdariationediseativntaf Rlisadigtiemreadiesdebyd/ar transmiftesbby @t ashgnsai d
pl anar active subsystemw th respect to said target such that said |inear
polarizatiéﬁgﬁﬁrection is aligned with a linearpolarization direction of RF
radi ati on received and/or transmtted by at | east one target.



