A Positioning System and Method FI ELD OF THE | NVENTI ON
This invention relates to transmtting/receiving
weysi7ars7and nmet hods and nore specifically, toPCT/IL2006/000863
positioning systens and nmet hods. BACKGROUND OF THE
I NVENTI ON Vari ous positioning and navi gati on systens
and nmet hods are known, in which a platformof an
unknown | ocation (e.g. airborne plaiform naval
platformor a ground vehicle) comunicates with a
posi ti oni ng syst emAfesitioripgiygsemiinchMethednat i on
about its position relative to the positioning system
(referred to as radial). A VHF Omidirectional Range
(VOR) systemis a |ine-of-sight radi o navigation
systemin which a ground station broadcasts an
aircraft a VHF radi o signal encoded with the angle to
it, indicating the direction the aircraft lies from
the station. Many VOR systens have anot her navi gation
aid called D stance Measuring Equi pnrent (DME) at the
sane | ocation, for providing the aircraft with its
s| BRELE QR AEE ANGENAION ati on. By knowi ng both t he

di stance and radial fromthe station, the aircraft’
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e.g. by atransmtter o _ _
the station. Many VOR systems have another navigation aid called Distance

Measuring Equipment (DME) at the same location, for providing the aircraft

with its slant distance from the station. By knowing both the distance and radial

15 from the station, the aircraft's position can be determined ("VHF ommnidirectional
range", Wikipedia, http://en.wikipedia.org/wiki/VHF_ omnidirectional range).

The GPS (Global Positioning System) is another positioning and

navigation system allowing a platform equipped with a GPS receiver (and one

antenna) to be provided with information about its position relative to one or

20 more GPS satéllites orbiting the earth. As known, the precision of ».thé GPS 1s

typically in the range of 2-3 meters (before the year 2000 the precis’lon of the

signal available for non military users was even more limited). This imposes a

drawback for devices and operations which require a better precision.



radiating a relatively | ow power radiation in the

vicinity of the GPS receiver. Additionally, the
woypirmaso7update rate of GPS data is in the rangeTmf2006/000863

50-100Hz. This rate is not sufficient for highly

maneuvering platfornms, such as mssiles and certain

ai rplanes. US Patent No. 3,981,015 discloses a phase

conpari son radi o navigation systemin which a prine
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processing algorithms. Specifically, methods and algorithms based on direct,

20 cyclically unambiguous estimation of the cosine of the DOA are described for
resolving the cyclic ambiguities in long-baseline, phase-difference paired-
antenna interferometers, and for steering the computations to the vicinities of the
solutions in computation-intensive array processing algorithms, thereby reducing
computation load and time.

25 US Patent No. 4,197,542 discloses an electronic navigation system ground
station, which may be either an omni-range beacon (such as VOR) or a passive
direction finder. A circular array of antenna elements has a feed arrangement
which includes switched programming of at least one discrete set of phase

shifters to effect successively changed phase-rotation fields for minimizing the



clusters or arrays for the reception and transm ssion

of radio waves for directionfinding, navigation aid
wanw7@ma7i er and/ or receiver | ocation purposesPCIML2006/000863

particular, they relate to arrangenents of multiple

antennas whereby the direction of propagation (arrival

or departure) of a wavefront is defermned froma

conbi nati on of the anplitudes of phasor (or total

i ndi vi dual antenna output) differences between pairs

of adweremrifectssef tultipathgsigaals shafwicay e ogfguad ttaiien and a remote

geonetrical pattern such as a circle, an ellipse, a
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20 stations. Summing means are provided for adding the first and second signals to
obtain a third signal indicative of a first line of position on which the mobile
station is located, and difference means are provided for subtracting one of the
first and second signals from the other to obtain a fourth signal indicative of a
second line of position on which the mobile station is located .

25 Therefore, there is a need in the art for a positioning ISystem and method
that allows a platform equipped with only one receiver and one antenna to be
provided with highly accurate positioning information. There is a further need in
the art for a positioning system and method which provides its operators with full

control over the system. There is also a neéd in the art for a positioning system

30 and method which cannot be easily jammed. There is a further need in the art for



a positioning system providing update rate of nore

than 50-100Hz. There is also a need in the ait for a
weQaQsi7t0180Ti ng syst em capabl e of operating in ouPeET/IL2006/000863

space. SUMVARY OF THE | NVENTI ON According to an

enbodi nent of the invention there is provided a system

for positioning a receiver, the system conprising an

antenna array of at | east tvvo spaced apart antennas

coupl ed to a conmon gener at and switc ,
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positioning signal; such that an RF receiver receiving
the positioning signal and having a phase difference
estimator is capable to nmeasure phase differences

i oni ng si I
%Wygwg%lgm %ﬁsart an?enngga sai d phase
Sdl ffere Oéfig{gdt/oeﬁlﬁ L JIRRERS 8P e Hﬂbh%el%f istih %v1ded a system

recelv € position o e spaced-apart

antg §ﬁ1—0 ﬁf%@'i@'den%ﬂ eheadiBtdig coarfrtdhgrantantdnnlaleray of at least two
i nventi on, ere is provided a systemfor positioning

a gpaced-apart anbenrmy soepledoops ceivmgon genepbiss dudpgyitching unit, said

T SENRHD Wy s S Ped G SHEUE { phfiddic signal and to
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15Accor di Agcerdiyeto awothearerebodimensraf GF Whenipgetharods provided a
there is_provided a system for 05|S§i| oni_n
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comprises at least two spaced-apart antennas coupled to a common switching

unit; said common switching unit is coupled to said generating unit and is
20 configured to switch the signal between said at least two antennaé, constituting a
positioning signal; such that an RF receiver receiving said positioning signals
transmitted by both antenna arrays and having a phase difference estimator is
able to measure phasé differences between portions of each of sa?d positioning
signals, said phase differences indicating position information of the receiver

25 relative to the position of the antenna arrays. ’
According to yet another embodiment of the mventmn thele is pt ‘ovided a
system for positioning a transponder, the system compnsm0 an antenna array of
at least two spaced-apart antennas coupled to a common generating and

switching unit, said generating and switching unit is configured to generate a



switching unit, said generating and switching unit is
configured to generate aperiodic signal and to swtch
woheo7aingnal bet ween said at | east two ant ennasPCT/IL2006/000863
constituting a positioning signal transmtted to the
transponder and returned to the system the system
conprises a phase difference esti ngtor coupled to said
~antenna array and operable to neasure phase
di fferences between portions of the returned
popketipdini signali gind o tshatchytheepignal DEBYCQLAYL & Hgshtwo antennas,
positionjng utiljty coupled to sai hase-di f f er,ence, .
esPPlﬂsé%tBmegﬁdP%{ﬂ?' gr%gligouwﬁ’?‘gn@_ T HEROffEh Ag¢ returned to
the,d éﬁﬁ&ﬁo@lq@rsﬁt@fna%ﬁﬁ rib& gﬁﬁagé’%iffh%c@fesﬁﬁﬁﬁor coupled to said
space ~apaft antennas. Accordi'ng to a further
enaainir Alragfandhsperablend nasnsutdphase differacesddtvacen portions of the
met hod for positioning a receiver, the method o .
Tongninsidnpesitiopingviighaly the sestend fEthargerinPEfingch @@sitioning utility
bet ween _at | egst. two spaced apart antennas of known e
| 0E2¥RIEA IO 57491 BRASS, d‘ﬁ@&%r&ﬁ@ﬁ%‘ﬁa@?ﬁgc &guﬁ\ﬁtt@h ffigrmine the
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position of the receiver relative to the |ocation of
sainbthed fagmsittonngatreeaivsr, BREHMIESTRPRINGN OF THE
W NGS | n . order to .understand the .inventi and to
1Qee rowPFRE BECRA Sl IS A VBN L el spaced apat
embodi mepts . W |l RAW:RE 1867 FH 'sbggué]%)ﬂ@}i WY chomlﬁon generating and
non-limting exanple only, wth reference to the
acconpagyitefingr@it;ngs, in which: Fig. 1 is a schematic
illustration of a sinplified architecture of a, . )
posi ti omaaguiys phasadebeigners betvsncpisbansoitsast sigmal as received
inventi :L)?n; FCL . 2 is another illustration of the
posi ti oYt %g?’éfW ording to the enbodi ment of the
14 nventi ‘a@teMg' s infordaiton ﬁldiéatﬁfesém!e'rﬁdsﬁ?on of the receiver
architecture o positioning systemaccording to

anot her relatiogigmrtioedtidihef $4id entdgontwd-hgiennda- 4f
schematically illustrate positioning systens according
to

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out
20 in practice, specific embodiments will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, in which:
Fig. 1 is a schematic illustration of a simplified architecture of a
positioning system according to an embodiment of the invention,
Fig. 2 is another illustration of the positioning system according to the
25 embodiment of the invention shown in Fig. 1; ‘
Fig. 3 is a simplified architecture of a positioni:(_lg system according to
another embodiment of the invention; ;
Figs. 4a-4f schematically illustrate” positioning systems according to

several embodiments of the invention;



several enbodinments of the invention;Fig. 5is a flow
chart show ng a sequence of operations carried out by

waea 20@@a307er recei ving a positioning signal traRemiIL10e€000863
by a positioning system according to one enbodi nent of

the invention; Fig. 6 illustrates a signal generated
by a positioning system according to an enbodi nent of
the invention; Fig. 7 is a schematic ill.ustration of a

recei ver_designed for receiving a positianing signal .
gener at Hig-by 192 e HVEng n"a’?e‘ﬁ‘@%"r &i r?g)e?@&l carried out by a

enbodi nent_ of .t he i ti-on; . ' i fl FESNIEI
chléﬁ_’cfe_wﬁ pﬁcgﬁn%g]s%ﬁéﬁ%énfgg Sc%%@‘ﬁaﬁagﬁrgﬁéééf ned %o ?’Slélﬁmé”‘o system
POSEddr@Mong S BARAF BF At in9eioignbodi ment of the

i nvent i on. DETAI LED DESCRI PTI ON OF SPECI FI C

EMBODI MEMLS (DiusTildEes| dNwighiEl @hhdsiated by iaspesitsemegesystem according to
il lustratjion of g sinplified architecture of a
osn enbodigerieli tBrma e iv®sr di ng to an enmbodi nent  of

the invention, The positipnil y 1N f
pase ot aton 4 fo-genatint IR AEeT S ooy BB oy receiving a
t - toeRErA8d 8 ditivRina i g 2% cdrtlin @ 8l ad Fehbodiment
a\rl\gossiﬁgﬁv\ﬁ%i %@%ngeﬁls andygﬁi.aéner at ;gnglglgtr]]d gWI tc%i ns OEHTEn
unof tHedivemnomningd coupl ed to the antennas. Base ,
station_110 radi ates_a positioning signal S, which can

be recefid i adlowchartshoyeng & entwence AT BPSFtons, opgiged out by 2

1§ RO PR e O 2 fTehllob - °

and one antenna (not shown in Fig. 1), flying in zone
Z, receives signal S and uses it for positioning. Al so
shown in Fig. 1 is another platform 102 (a ground
vehicle) traveling within zone Z and receiving
positioning signal from base station 110. Positioning
Signal Sis a periodic signal (e.g. a |Gz sinusoidal

signal) generated by unit 140 and sw tched between
anDRBATLED dPBSER; N3@F | SPBHEICWENBORIMHNTS OF THE

i n¢l jgnal portions emtted by antenna 120
1%&@%@%&@5 with signal portigns emtted by antenna

130 (see_discussion.below referring to Fi.g. : .

Ther ef oridg- ahy'S pf a%%mﬁ?w ﬂ]ﬁ‘ilﬁmflzfﬁ’i’eo ﬁaW%l’PéS%ﬁl gchitecture of 2

r eﬁSéiﬁSﬁing system 10 according to an embodiment of the invention. The
positioning system 10 includes a base station 110 of a known position, having at
least two spaced-apart RF antennas (two antennas 120 and 130 are shown in Fig.

20 1) and a generating and switching unit 140 commonly coupled to the antennas.
Base station 110 radiates a positioning signal S, which can be received at a
certain local zone Z. A Platform 100 of an unknown position (an airborne
platform in this non-limiting example), equipped with an RF 1‘ecei\{e1' and one
antenna (not shown in Fig. 1), flying in zone Z, receives signal S and uses it for

25 positioning. Also shown in Fig.. 1 is another platform 182 (a ground vehicle)
traveling within zone 7. and receiving positioning signal from base station 110.

Positioning Signal S is a periodic signal (e.g. a iGHz‘sinusoidal signal)
generated by unit 140 and switched between antenna 120 and antenna 139. In

other words, signal S includes signal portions emitted by antenna 120 which



equi pped with a phase difference estimator for

estimating the frequency and phase of the received
weigTal3o7al so known as a digital phase differ eRC®I1L2006/000863

detector, see belowwith reference to Fig. 7) would be

able to estimate the phase differences f between

portions of the positioning signal-entted by antennas

120 and 130. Phase differences detected at one point

def‘ %:1?18 one %}8 épﬁﬁiﬁﬁlﬁatfo”ﬁ égfo%,ql g{n‘;% ﬁ]@léﬁff cthgﬂg;%ion below
BIPRS00 v

128q@pged 3bitlare phasatdetfei@pas testintve deh cofifering &hg. fribyuency and

10 neters), any platformw thin zone Z receiving
si phate o theereseinied piphal(elsei knewrmses digitah@hase difference detector,
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I
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i nlﬁ%)ed;fﬁal froonitingses degeatedSat Thetheorpoeptt (safy, thyeplatform 102), and
pr esent aventl on wll now be, expl ained i.n greater
dewwsmn Ko tes gpemel1qah drcsp@§1tlozL hggeasivay relativenq aHennas 120

10t h e r 2t %ée:g?e[@msl%e%gﬁ V\}qgf tﬁg tagey ],_c% f %‘pn?‘hgr%%ffegc FSther (e.g. by 10
prﬁleeaaﬁ)e dar AN QI iN@Erh | Wiigilid atdien @fre&élelr%o%i%dla‘l’ ng ngletectmo phase

system iO showi ng the geometrical disposition of
podifferenieng c@mﬂeﬁaeoﬁeqama}g fiof gzignel B, (iz qmevﬁedSwrtht imnformation
shown in Fig. 2) andaplatformlOOIocated Wi thin

z ot 121€HPIf<aTt ther detepinagioaqefi ﬁ@@@smome&ﬁmamr ‘él@e]mﬂmn position of

ittt oﬁba i by TB8 R oLRis Falus R af dhdeeto ny platform
15t NRhved &Bé)%t bPNE BhnSi l 1> tht h#)ﬁttfe%nl a dedicated

detalle furt elowwith reference to

poti 4 s@mSsioh OSIegﬂjinde it et pagidopimcti@hl By ant enna 120
travel a slant distance Rl, which is |onger by DR

conpar i Flee 1cBeeptpof theopesent i vation wmltlermm 12E8©‘<phatrmd in greater

e f’\&/g!h eW’nji]?ﬁS %glgqeenéo t}ﬁgg/ ge‘ﬁasur '%94} mn Whldh %:{e sqme elements are

marked by the same reference numbers. Reverting now also to Fig. 2, there is
20 presented another illustration of the positioning system 10, showing the

geometrical disposition of the positioning system operating in zone Z (zone Z is

not shown in Fig. 2) and a platform 100 located within zone Z. Platform 100 is

equipped with an RF receiver having a phase difference estimator allowing the

estimation of the frequency f and phase differences ¢ that characterize portions
25 of signal S (this will be detailed further below with reference to Fig. 7).

The portions of signal S, that are emitted by antenna 120, travel a slant
distance Ry, which is longer by AR comparing those portions emiﬁed;ﬁy‘antenna
130, that travel a distance R,.

By measuring f and ¢, AR could be determined using the following

30 known relations (1) and (2):



known relations (1) and (2): (1) 2pN + f = 2pfDt (2) DR
= cDt therefore, (3) DR = c(2pN + f)/2pf wherein: f is
woheo7fnsquency of signal S, as detected by a reCeivm®n6/000863
at point 100; f is the phase difference between
portions of the positioning signal transmtted by
antennas 120 and 130, as detected at point 100 (see
Fig. 3 and text below); Dt is the%inme delay between
portions of the positioning signhal emtted by the
spaced-@pamiN &t @74t 120 and 130, as received at
point 100 (note that for sinplicity, a délay D that
char act@ 25 WHe operation of the phase difference
esti mattgrl and is a predefined and known paraneter, is
not i ndPEEEH i n relation (i)); Nis an integer

i ndi catg h ;gqubp cycles of signal S along DR
(see di@g%gsi gcr@ el o%)?gffati ng to the anbiguity of N,

swth refps&ence to Fig. 7); and ¢ is the speed of

light. As the distance R3 between antennas 120 and 130

i s knovins thn@regeenny ofysighaltS, Msidstertebbk acapeiyenitiagt 100,

of the- anbi guiiy rel.ating to Nis di s_cuss&d bel ow, ., . i

wi th r P esetEe Phaseriditicrence  hetpigen RPrHoRs; ¢ff dhg positioning signal

Cal b 39 el gk R O i 3 amd

pode']]%w .00 shown in Figs. 1 and 2) paraneters f and f

whi ch Characterize a signal S transnitted from known

10poi nt s Aipwithe 3irde deRpthelRein horttosvef ihkgsbsitiniias ségnal emitted by
descri bed above, a surface CS is defined, which is the
s uht specest-apart antengen di24: aul B9 0apgireceivedat powwki 14D (note that for

P%ﬁﬁﬁg A (I%qigy ?ﬁg?qh%}g %pﬁ]%l%telr%%gttgg 'op-lé?zitt?orp ro%vﬁlgeghase difference
estimator, and is a predefined and known parameter, is not mcluded in relation
)%

15 N is an integer indicating the number of cycles of signal § along AR (see
discussion below relating to the ambiguity of N, with reference to Fig. 7); and
¢ is the speed of light.
As the distance R; between antennas 120 and 130 is known, and assuming
that N is also known (solving of the ambiguity relating to IN is discussed below
20 with reference to Fig. 7), it is now possible to calculate spatial angle a, as
follows:
(4) cosa = AR/R;
Thus, by measuring at an unknown point (e.g. point 100 shown in ?@igs. 1
and 2) parameters f and ¢ which characterize a signal 8 transmitted from k‘nown
25 points (points 126 and 130) in a switched manner as described abox'/e,’ a surface
CS i1s defined, which is the suxfzﬁxce of a cone generated by angle a, .qnfo which
points 100, 120 and 130 are located. This provides information indicating the
orientation of point 100 relative to points 120 and 130. the orientation of point
100 relative to points 120 and 130 could be determined using additional

30 information, e.g. information gathered in a manner detailed below with reference



orientation of point 100 relative to points 120 and

130. the orientation of point 100 relative to points
waQ2007an8)7130 coul d be detei m ned usi ng addi ti oRr@i/IL2006/000863

information, e.g. information gathered in a manner

detail ed below with referenceto Fig. 3, or elimnation

procedures known per-se in the figeld of interferometry

(including but not limted to the use of the assuned

or neasured hej ght of pojnt 100). Turni 0 |

3o Fhior cechrigondehednes Seone T e EERe T IR  blerferometry
POl Ok, 1O L et & L bif @R & Pragsered Igght of point
A A T R

sygoppm 110 further includes a third antenna 150,
| ocated at a distance R away from antenna 120. . . .. £
Accor diTmgning ndw o éfigodi thene 1s éﬂwte‘gﬂil?s sgemetig digppgition of a
a comon unit 140 and.swi.tched between. . :
5 epasBd Woeetunieanms aoune FgeRhacapid o g ombodiment of
rds, the positiani i I j Sthefdiednt 150, located
oo Rl AR LAY PR 120 e PEICHERS lifntenna 130, locate
agi enRasnce?R, a ?@@ﬁ ABEmaSi Zhal cBrdimg toebis smbodiment, signal S
point 100, therefore allows the est]j nﬁql on Of’tgﬁ{ d
phagenatitfefldryen cemnatwerin 138raidopwitshed Retvisai the dhyssspaced-apart
signal transmtte ant ennas 120, a . | :
t BEtoHRaS d 28 flégr?@%cgg%et @ngﬂleﬁo\?’?]idéngl geoi) g?]ﬁlgﬁﬁl@"@ 1g'n al'8 includes
posi tioning sj : \ aidnidRleRn aftehads and, 130 and 150.
10 1§fﬁnagéjoaté(%%sc{1%g%g? H&%?%@%‘S@“l n a an%er es,i mS lar to o

t ke, 0nes deseiehed absoiat WooNtheesferentiews dhEiegimatioanef the phase
2, two spatial angles, a and a are determ ned:

) i S
defifferdnne betitdn patioes of the miémglsz@aéﬁl&méml@% §¥ antennas 120
130 and 100; d a2 i§ det i ned Wit t e
apdnbss a00vcll 86 10t HPE6S HEHCHAEB Iy S Bghs ‘6T the positioning
Consequent | r HiAeholkiel 60.
SO S ntined HP ARHHHAC £20 afePA SO APUGRERE g o

15are | ogat eehanabe sEp2ar foedieesenitsogibeiebowe fwitk roference to Figs. 1
cone onto which points 100, 120 and 150 are | ocated

argddeftiveegpatieBingle €S2 dnt @r @@d@tmme@:_a@h@sdiqﬁ@apmga gvith respect
e o o I3 e ST A SO R EE Rfitn respet to
oL 215 S48 L5 SR IOy CEPREIFLAL Ysncs s,
Zg@%}r}g%ﬁ%{%ﬁ}%é{ﬁﬁéé Ares BnP At I WRIAIpSYES 4W040Q0 and 130 are

20 located) and CS, (representing the surface of a cone onto which points 100, 120
and 150 are located) are defined. C5; and CS, intersect with each other, and the
intersection line represents the pointing vector PV between antenna 120 and the
unknown point 100. In other words, the orientation of the receiver relative to the
positioning system could be determined.

25 Fig. 4a schematically illustrates a positioning system 400 according to the
embodiment of the invention illustrated in Fig. 3. The system 400 comprises a
base station 410 which is coupled to an airay of three spaced-apart” antennas,
(namely antennas 120, 130 and 158 shown in Fig. 3. Base station 410 comprises
a signal generator 420 for generating a periodic signal (e.g. a sinusoidal signal).

30 Also shown are an amplifier 430 and a switch 440 common to all antennas for



enbodi nent of the invention illustrated in Fig. 3 .

The system 400 conpri ses a base station 410 which is
woawmplesh7io an array of three spaced-apart ant eamas2006/000863

(nanely antennas 120, 130 and 150 shown in Fig. 3.

Base station 410 conprises a signal generator 420 for

generating a periodic signal (e.gg.a sinusoida

signal). Also shown are an anplifier 430 and a switch

i SaRe B vt b RS DR e 1, G4 0% 850 D antenmas
t | il feed lines 411 (not
CBPIRTeEIE R p3aE sbAThamIg oM fod lnes 411 (not

N@Dqi At desdlcal €l linse sovtiilatiscalbsoutrel, usil, apgiropriate means for
appropriate neans for conpensatign for _conse
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obaypensativac fort Gatscqhent L. SRCIbASE BEaRHH! a1 gase station 410
feeds the antennas in | tched TR
5 gieadhghe BEOEE g s PO TORT h AT Ghal AR Bl ey @ positioning
portions, of si LROSHE e dhatditted yaltdromiv fr th
aﬁ%g@ﬂﬁa‘élhwhs%bclq@%ss;)gd a oyie§ %gtﬁ%l]lt ?ﬁﬂgﬁr{gncey}o Fi gsd.ig o . )
14 31en@ls REs 1eeakaer attaeiwigh acfobhase wi Figsr &k en RF receiver having
estimator and receiving the posjtioning.signal .é{g. g Latf
plaapliendiffeferica dstigsator] ag 1‘@@1@|§1|geth¢eop(bséftl@%ﬁgn% dlde.g. platform
poi nting vector tqQ antenna.120. |f ] ]
Cq0ppatz R e i HeeBrneae iR Ey b filehf 120
posi ti LogdpEd tHBRN G SeM{aRRIEE meter), then its
10usi ng ﬁﬁé’ﬁ%ﬁ%} %%rggg gﬂﬁgpé@@ﬂg?ihntg{ ng vggtaor WLPV]me ") -

b‘i}o\éﬁ LhRdMatERRdd and mmireniaolad0 pei-se auiny fiet dejprmination of
wi'th the readings of the altineter at 5oi.nt 1090 . binati
( uht gesntpeg vectbdPY esveerhshes RIASIHET gREl PEeRTRe 120, m combination

antennas). A posi.tionjng sysiem dj. ng . t s af :
norhane srasbEEnERILORTRES! Ay N ore? MEIERORATY 10 g at the same
4h. .Syst rises an array of two antennas, 120
aﬁlfl%&se[%é%égégggt ation 402 is further equi pped with

15an aCCUAafé‘)@siﬁbﬁﬁ{g 450efre 492, asccatdinicta| mwkher embodiment of the

simlar device). A platformreceiving the positi on'fg%
siignahtiomds shuimgnaigattbnSystenbéRZ GOMPIEEH Al P §f HRO antennas,

e SR e b, 108 EholE 2 kBt ok 45

gin ! g%%wgg&ﬁ%ﬁ% tn%ezigi%ﬁiz{rodé{}ié@’ iANp1aHRm Fecklving #e positioning

signal and having an atomic clock or a similar device in synchrony with clock

20 450 of the base station, is able to determine, in a manner known per-se, the

distances between the platform (point 100 in Fig. 2) and antennas 120 and 130
(parameters Ry, Ry shown in Fig. 3), and its position.

Another positioning system 404, according to yet another embodiment of

the invention, is illustrated in Figs. 4¢ and 4d: system 404 comprises an aray of

25 four antennas (120, 130, 150 and 170). The base station 414 is substantially

identical to base station 410 shown in Fig. 4a. The antenna array is arranged in a

tetrahedron form, in which antennas 120, 130 and 150 are 1oca:ted ont(? fché same

plane, and antenna 170 is located outside that plane. Note that the three-

dimensional arrangement of the antenna array affects the directivity and shape of

30 Zone Z (the zone in which the positioning signal can be received). In case full



(paraneters Ri, R2 showmn in Fig. 3), and its position.

Anot her positioning system 404, according to yet
wanai7ieso7enbodi ment of the invention, is illusPCcamemos/omose3

Figs. 4c and 4d: system 404 conprises an array of four

antennas (120, 130, 150 and 170). The base station 414

is substantially identical to basg station 410 shown

in Fig. 4a. The antenna array is arranged in a

hedron f i n. whi ci
U LT i g e
ﬁggtg,git wségnﬁ?  atRatomiiane. Note that the

I onal arrangenment of the antenna array i
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glt%% %g%‘%e g?ﬁélgdlg& lﬁ(#tgasfytsgm{ %fe%:f;fg% tgﬁe élﬁustﬁggdr{] in Figs. 4c-
1ob%cﬁ%‘6rx]1ﬁj}f‘slﬁé ah R6rd g/y&i%m lahtsihat el | 187152, 19a-ad. 124 134, 154

the’no mt7ng exanpl e of Fig. 4e, both systens are
ofaridhe74 yn@epedtﬂvegt)rmdeuasenstmgm 426 amldﬁﬂ%d@pp@cémsb/ ks systems
array of four antennas 132, 152, 172

T3HIS g4 aparnis, SHESREETY Vb SRE ZDis e R LR TR pgated af tha
2%}@;\39 12ﬂec|se eclhot%/x léé{rg%%"‘:[ e\féfo?gﬁﬂlé%%ﬁ% %@&oﬁpﬁf ﬂﬁeemtennas of

one recei ver | ocated

ateatcpas HA bk | detgaRhYE (Robdscsibgnabeve Tt efference to&igs. 1-3).
vectors to the antennas of each s%stem can_be

15deBsmnpcﬁﬁﬂng ascioesatbied @tmeepait, lat it peshier of sheRgsreceiver. In
1-3). Both pointing vectaqrs mters ct.at o

n t,. at.

t hﬁhpbﬂqld@,nmot hq fiaReopBgRTafion P iREht. V@Fo‘g tell-n;)}na%lon of the
the ' dual nf i rat i19Red on the

orbehepaLit orfdih % é‘%gg\%grtg? &) St EpE R asTiaa Bed on

5%111)10&5'&9 s?@a‘i ealdiiarsoRassad pRRitidien@epdttineni ng.
recei rom both positioning R:l%St ens.

Shoul d hehoaldest: hdtatl thitehp pesitioarofghet Iwﬁl\fﬁé@@ﬂ%\ae determined
coul d be deterni ned r
20 based on positioning information obtained from a pair of positioning systems of
the type described with reference to Fig. 2, also illustrated in Fig. 4f. This type of
dual configuration system comprises two positioning systems, each having a base
station (e.g. base station 410 shown in Fig. 4a) and an array of two antennas (€.g.
antennas 120 and 130 illustrated in Fig. 2). As discussed above, wi’gh reference to
25 TFig. 2, a positioning signal switched and emitted by an array of two antennas 120
and 130 and received at point 160, allows the determination of a surface plane of
a cone, onto which are located points 100, 120 and 13{) Therefme in this dual
configuration, two cones are thus determined. These cones mtelsect at one or two

lines, such that one intersection line indicates the pointing vector, and the other



based on positioning informati on obtained froma p ah

of positioning systens of the type described with
woebwresoe to Fig. 2, also illustrated in Fi g. PET/ILIDhé/@0863

type of dual configuration system conprises two

positioni ng systens, each having a base station (e.g

base station 410 shown in Fig. 4ap-and an array of two

antennas (e.g. antennas 120 and 130 illustrated in

Fi g. . . n i ,
oot Aieg B AP B g b o
&Ym @ﬁfﬁgne%é&@d%ﬂavégﬂmaﬂ@iterpmmme@m) poi nt 100,
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configuration, both positiani stens ne be
i c!{exgt eleanenity 41 6 and %grs@}@w@ﬂg In%h§¥)e¥v8¥eepr68 4%t o sepante unit. It

(§ ogiﬁig %thn‘i%{ﬁtt&%@o&l# e Pl éc?ﬁ YRGB NeMLE nm'@bﬁnon can be

he™t ypes sho I'n Figs. 4a-4b
10dl SRERteBRONE 2 ﬁhgle%asreeﬂ.{#ﬂuﬁl@@oujﬂedﬁjogﬁld épelanﬂglﬂu,al arrays of
t Ing to t’h dual configuration , the base

Ste@ﬂtexﬁm ﬁmhqhﬂed:e&h&nﬁmmjfﬁ‘r'@n@omnaﬁgﬁ5mwmpcps1§on14g)s1gnal
were presented. as separ at e fL:{nlt It s

under stiudsitacityh éh@ AR P%‘rpé]tofﬂoﬁncgfsp?%gmny the discussion
1 b
RSB LR TR ey i

g\r,\lfni}g NASmisH6En tdfaha8akheraMt 8RdRatAE alie Categket trtneiseri 05 cycles of

positioning signal. For sinplicity, the foregoing
15d esstGﬁleE A o T3Hees hid landwy st verallinsthusisifon seleing thegtmblguny of
Fig. 2, §| d not include explanation re ardl ng .th
afﬂ%ﬂ gﬂﬂltﬂner mivatiing tsonphdimdedriei ARY i O cﬂ‘ B%ﬁn%métcé?Prdm“ to an.

N Y
the.f4 %éc@é;&{ RO AR 'fbV%'?% Sntd(r%tﬂeﬁtwithrﬂ?igecﬁ in order to

to >one 0 hem “Accor |ngt nbodi ment of

th&eteﬂﬂﬁl@t NOnthe thiigedihg Witiyalos Jhdehsles odlgm pertiome having a first
fol l owi ng manner, discussed with refer enae to Fi %, 15 1
20t ofyetyiercyw;t Hand g1gngl pOﬂ‘ﬁﬁOl@ﬁ hayvingpa second frequenc The signa

portions having the frequency f; are switched between and emitted by all the
antennas at the antenna array (two antennas 120 and 139 in the example shown in
Fig. 2), as well as those having the frequency f,. Therefore, a receiver having a

phase difference estimator located at point 180, will measure a first *phase

[\
n

difference @ comresponding to the first frequency fi, and a second phase
difference ¢, corresponding to the second frequency f. The difference between
the detected values of @; and @, is used for determining N, in the ‘following

mannecr:

Frequencies f; and f; are selected such that N; and M,, indicating the

30 integer number of cycles of signal S along AR, will follow the relation: ‘



determne N, the positioning signal S includes signal

portions having a first frequency fi, and signal
weani7iess1 havi ng a second frequency, f2. The sPQmal2006/000863

portions having the frequency fi are swi tched between

and emtted by all the antennas at the antenna array

(two antennas 120 and 130 in thejgxanple shown in Fig.

2), as well as those having the frequency f2.

;—Qte |r rer;&rle %C]}:he %ﬁé,;\?ﬂ?}g}arhvt«: qgéglﬁ%%?f hg{f&tfqﬁgﬁ&ﬁ}les from a limited

measure a first
"phase disf

& %E‘%gfnil sge.é @Oﬁregﬁondi ng to the first

frequency %|, ecord phase difference f2,
cor r espgpekRapic if fie1GEoadd fifel L€heythien. k Weald have a value from

di fference berveen the det'ected val yes of and f2 is .
usggecdefinedertrel hmitail sgt of valnes, 1ge ot |1o§/i Hg- E%fﬁﬁ g‘i‘?‘ﬁ( 2Vif £ <1
Frequencies fi and f2 are selecte t hat and

5N2, i ndicsatrding te Hee I%Q%é?laﬂﬁﬂ‘gl}’qgiﬁggéol egﬂggg si gnal

S al on . wil]l followthe relation:(5) NI = N2 + Kk,
wher ei %“E%ysaqﬂé{’rdmg'nt eger having |l aw values froma

g s ety ) For e

then k woul d have a val ue

from a ppedrbiviadsianse hiidimetc peicedfiresalNu@e) is detgrmined as:
1, 2 or 3. Note that k >0 if fi < f2. According to
ghe SnQWN?%)a’t(gf@% fﬁ@z)@[}ﬁfﬂéﬁr) dﬁﬂifﬁffﬁl)) apd by f
 viding: 2pNi + (pi)/ 2pN2 + f2 = 2pfiD 2pf 20

10and f olUsing nglagiorp(7e vangfh ﬁ%qaéuwio‘ééaa% QE ,fJ :%p.( [}, angd ¢ together
det er m ned - (7 1(.1Q = (f i+ f p{.f2-1 :
Poritk e P ditinetiotnd tFOHE Fof bf FplugS P (RLBRACT K o 90 2 i
val yes :8hq fast & (W (gt hden the mini of a
préeegeémlﬁé% agr)g%e IOM§B%£&IOPP\%§FE% (\fmog E (e_.eg_ in;mlmum
Lirdac®; 8 (1N thgnddepeisnacieevesd. Thetben iweafls,sol grdegnto solve the

of relation (7) (e.g. when the njnjnmumof a truncN. or .
( alnbilgu'rtyn@ﬂ\m the m-m(bql?&ii}al|lﬁ%&ﬁér% Q}lerilcﬂr%roé & predefined
to solve the a j of t hey. i ¢ .

1 S, R b BuREIA RS g Pl 5 i st o

(e facd WEX: Lfte (REHSE! M Vi sreRceogiaves edssle toteamined by
i Y'Y “of va

€d “set ues for k, and therefore the val ue x )
U NeSQhid BEragfsédsyf datiep raMmsidnbly portions of both frequencies (that is,

parameters 1, f, ¢1 and @3)-
Fig. 5 is a flow chart showing a sequence of operations 500 carried out by
20 the receiver (platform 100 shown in Fig. 1) for the determination of parameter N:

In operation 510: receive measured parameters f1, f5, @; and @s;

In operation 520: provide a set of values for parameter k. for example, k
could be provided from a reference table according to the difference between fi
and f, (e.g., for a 100MHz difference, the set of values for k includes the values

25 1,2 and 3), '

In operation 530: the set of values of N;(k) is determined, using relation
(7) above for the various values of k provided at operation 520; .

In operation 540, the optimal Ni(k) is selected, and

In operation 550, the selected Ny(k) is determined as parameter N.



measuri ng paraneters f and f of signal portions of

both frequencies (that is, paraneters fi, f2, cpi and
wob2)o7/0157g. 5 is a flow chart showi ng a sequeneeTmf2006/000863

operations 500 carried out by the receiver (platform

100 shown in Fig. 1) for the detennination of

parameter N: In operation 510: rqgeive neasured

paranmeters fi, f2, cpi and f2; In operation 520:

i d t of I f or .paranet _ _ _
o St o Sy BRLATR D By PR, i .
tlgéiygﬁldgl'fe; {;@{ear%ﬁgt ﬁ?h}‘?@@&nﬁ%g aidaf 8 Aed@cusst@abave with reference

rence, alues for k includes
t&fw@ ues shd Za-asdidhiddsrsigmedrmirtions 530ing hdirstefregency fi, and
val ues of Ni(k) is determ ned, using relat.i or’i 1871)t havine th
abipwel portidrt$eha/san,'gom§6w1djé@q&ﬁﬂ%’:pgo ingesiongl portions having the
operation 5 2 0

5 frequeret g ire éWdfCIh:qH&’%E‘?’é%{ I@ﬁé‘ g%@&é% %g%slgﬁltgl;@%mﬁjﬂ(d(t gle antenna
| Sufy! 5L MAPdeanoRa BN LnNrRALLAY 10 Ahehaie illustraton of a

garar ng ition of parameter N,

i ﬁsoﬁﬁ%ﬂh% bEnAPEeds tdeatratdte fpoekamnpld, gy shey pakitigning system 402
di scussed above with reference to Fi

. ence S 1dba 200 4 Ag Lo

i ghbwdeis Bignd, ipallustatsdhavFigy & ishei! P@q@fgﬁ@gﬁw e portions
Ranai o f ons SRS ceAD o pEJAGAIA BRI L b miced by
10 g%ﬁ%&?ﬁe‘gaggte c an eﬁheb}'infﬁhg e RMeRNT @k tRichinkeohahe signal

S We ose hdaving the frequency f2. A

SGRENEL fhel ﬁ'ﬁl&bﬁﬁﬂ@ﬁ% afteRhad cpodict dhmnigad) abdmgntiie tsargnission of the
generated for exanple, by the positioni ng system éﬁz . &
s howiticnin Fisggnall bF uitheimorgs theie 68 1h DEFE 10 SEURENc fyprtions alter

b ted that t . ti it. .
ncadh otpasBons et HERTH R Bl peipRoes Ao ReRTpR gfurthermore.
g yﬁd{d@ﬁqlﬁg 'Qf%&laf‘ﬁbﬁi‘cﬁ&/ @f?rygfgg Mgl afdrdified (ep. e idestity of the

e signa ween the fransmtting _
|5a.80Na5HGRNahe AhvaageduRl drgembeddedrnisnthes positiohingesignal. The

positioning signal. Furthernore, there is no need to hile bei
semusaiadng 2igral tieods tafteetransraiied Mpd rOPGRECRY ML WALie bemsg
and ot her co,n%iﬁgﬂgi ons 21]51‘5 Ig{ossi bl e. Furthernore,
acicrnaak Sveiiehieal DPBICER s CaPPT ng addi ti onal
| nf or Myl 1 QN {£14. | daniiat ¥nefpidle ddeeriieabéieen portions of
and nor )S%ggg(f(y)%bléﬁggr%’ggg@eghﬁn the positioning si gnaII.) .
Tr}?ositioning signal alternatively transmitted by the different antennas (according
20 to the various architectures as described above), is affected by the geometrical
arrangement of the antennas. Furthermore, the phase difference is detected by the
receiver by comparing a portion of the positioning signal with a delayed portion
of the same positioning signal.
Tt should be noted that the invention is not limited by the above—detailed
25 golution for solving N ambiguity, that involves transmission of two, different
frequencies. The invention can be implemented with other approaches, ¢.g. step-

wise solutions as known in the field of interferometry.

1

Fig. 7 is a schematic illustration of a receiver 700 designed for receiving a
positioning signal generated and transmitted by a positioning system according to

30 the invention as described above, and for determining its position accordingly.



positioning signal needs to be transmtted in a

conti nuous manner while being alternately sw tched
woebovmasn7i he antennas. It shoul d be under st oodpCinaL20061€00863

phase di fference between portions of positioning

signal alternatively transmtted by the different

antennas (according to the varioysg.architectures as

descri bed above), is affected by the geonetrica

arrangenment of the ante
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r eatdragtathas adodulcafig0 dovi desermaimengrahp casdustswnt | #Fd IPE‘ELSe ¢ of

art for estimating phase.differences. .For ex I .
phasieudi poeiosscef et ﬁ%ﬁ%\f@%f@gfﬁéﬁﬁné@iﬁg&m&% gﬁ?%ﬁhﬂe 750 for
coppar at or for. conpar | Ly i £h89 1o Tie, 5),
15 o guarton O T ARET Qqais® HHERbY ARAE KM JRRhEhanto Fig. )

S Lo Lo fesdut a769 del ayalcolpiagetite pesgion of the
a%F%b ?klstg@???ﬁ%%tg{h g(?% buf fer providi ngga 0.5 .
MEe6eivee My shofhe inHBise Tdatkf AnelogetoeDigital e vepgrs aphich may be
be realized based on a Mdul ation-on- Pul se device,

kriogmirg¢dh the ait. Positioning utility 730 conprises an

]]: /r ];qsgt %,cne]flgegtn ﬁﬁ@%ﬁ%&ﬁ%ﬁ Fi8' 796 LS H-RidtEng Beanner as a  stand-
20 alone receiver. However, it should be understood that the receiver canbe
integrated with onboard hardware without departing from the scope of the
invention. Furthermore, the receiver could comprise only a positioning utility
(clement 730), and be coupled to on-board antenna and phase difference
estimator, also used for other purposes. The positioning utility 730 cotld be

25 implemented as a software utility operable by an omboard computer for
positioning purposes. The receiver could serve as a transponder and comprise
only a transmit/receive module, and transpond the positioning signal.to a remote
control station, which analyzes the signal, determines the position of the receiver

and, if required, transmits it navigation and/or guidance information.



various portions of the received signal, N
determ nation nodule 750 for determ nation of

woan@Ermesel N (see di scussion above with refereRCEILM06/000863
Fig. 5), and position determ nation nodule 760 for
cal culating the position of the receiver. Not shown in
Fig. 7 are Analog-to Digital conygrters, which may be
required. Receiver 700 is illustrated in Fig. 7 in a

non-hnmiting nanner as a.standalone receiver. Ho .
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(element 730), and be coupled to on-board antenna. and
phasevidp ff prenoengst gumtgoneraid and s@asmgie b PR positioning system

pur poses. The positi oni utility 730 gould be . :
5| Apicarens &l the HVEBA el K (ROSTHAnG JRr i, CYibsises the following
onboar.d conputer for positioning purposes. The
r QB EPScoul d serve as a transponder and conpri se
only ayf rARsMAd BesepMridingdul posiginditty anpspbmdnsingted by at least
positioning signal to a renote control station, which )
apwbypased-hpars iagteinas détaomminsatipes GOBPICHJIA DEOPRON generating
receiver and, if required, transmts i.t .nayi gat] o
At GRS IRFEN RO SRIpGREE PTG HpaE yid! switching the
posi.ti.oni-n : ' ! g f the
10 RebniRonE R PR g S8 fellyt G oaranet SReing |
carri eqdy Qiferittin Seberi¥aBiniGe phabd ideffeientes atwem portions of said
i ndi cative of the position of a receiver of unknown
peekitioning sigoel as regerved byi saibricatyes] grhl generated and

it :1\6/1 gﬁmlt@:pepderg%og r%f: #ﬁ?&%ﬁ f Sgﬁm C%?\zegcig&? R(%R?Vée%ethe receiver
p%gﬁ? %%oﬂq%ﬁg %gllre g#alggltﬁr %@nﬂ%&?é@&%&?aﬁlﬁggg @lzle\il\g!e&gnﬁnatmn of the

15S g%ﬁfb@mh% rahdieanasaible tkABMMbdatioatdfenil eidlepdtes ot antennas.
comon generating and swit chi n‘%@uni t operable for

gener atfaipvengerpeoationss$ ghBBO.athe. pasitiehiof ghe Feceiver relative to the

peri odi c signal between sai,d at l.east two spaced-apart

arfnesTHAS ;CC’P&i %éﬁtﬁﬁn&ﬁ% Q%deﬁ?é’g?gﬁral%ﬁﬁe'phas e

di fferences _bet wee ril f S8 | LhRRERGE to s irborne

si gnal 3 %X%?@%ﬂn‘ggé)scgsgﬂﬁgge?@g{rl? ang ! ' 0 an am
platform. It should be noted that the invention is also applicable for ground and

20 sea-borne vehicles, with the required alterations and modifications. The invention
could also be realized as a hand-held mobile device.

The concept of the present invention can be implemented in a system that
involves two-way communication of the base station with the platform of the
unknown location, e.g. a guided UAV (Unmanned Airborne Vehicle), a mobile

75 wireless communication device, etc. In such a scenario, the returned signal
coming from the platform allows, in a manner known per-se, to determine the
range between the platform and the base station. Utilizing t?e cox{cgpt of the
present invention, the direction of the platform relative to the base station can be

determined, and in combination the positioning of the platform is established.



In operation 830: determ ning the pointing vector
bet ween the receiver and at | east one of said
wanvermnag] thereby all ow ng the determ nati on 8€Tah®06/000863
position of the receiver relative to the |ocation of
said at | east two antennas. Foll ow ng operations
810- 830, the position of the receier relative to the
antennas coul d be determ ned, as descri bed above. The
invention was described mainly wi.th reference to.an .
ai rborn@sp‘l\ﬁgﬂﬁ@??ﬁn St ORI aljqf it is possible to have
i nyent | S | i for.. / : - :
| RGP oAb, 200 RS LRI @EANAY 181 958 AN the signa
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of the present invention, the direction of the :
pl SOWERIFEIOR PetEVaTS I8 %@r%ﬁ 3 gt SR G iy qqering a service area. In

e m [ [ | td.oni :
LS e B AR AL oL RRET! (3010 s b e sain,
W {rlidia gbesfngtdid/RReividg leguRResithIservifg RAY endhi® communication
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badevistatimenthéositghslitheo thangell laed efonomunsating evitle dther network
by the trans&gnder. In ﬁuch a case, it is also .
poSeMpPBReRty [okd iheralcellpgdssi 6R1ERl COMROPSAS. attcPndtach mobile

ba N ( r . ti.o p . . .
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13 Naddetfhb Ol PABAHNS M icbAtr6RIstdafl fbrEI9s iprbeidingl ke network with
present Tnvention could be integrated with a cellular
coimfurmetatn dndicetingrtbe @mgentf tmggubgiorecnnthe mobile device and the
geogr aphi cal | y- based services. Typically, a.cellular _. :
ORTHIE 881 SHEnaABEKSS MI&@&@%&%@%}PMSH@%Q fli mobile device
co I: rvi .| er.e ar .
COYTHIRY SR PRSETE SRR GRS, R hrBRES o8 legs n it of
st aétaflBd diBEhsdiNAbbie aB§ Mpidvig/ 4 @2l it thAakE PR tahtennas and
serving the nobil e comunication

20 switching the control signal therebetween information about the direction of the

mobile device relative to the cell site can be established.
The present invention could be integrated with other positioning systems
(e.g. GPS system), in order to validate the readings of such other positioning
systems. For example, the present invention could be used that way to indicate
25 jamming or deception of the GPS signal, or to calibrate INS (Inertial Navigation
System) drifts. By providing accurate positioning information, the present
invention could also be used for correlating timed infqrmation‘bemqpn ‘different
and remote systems. -
The positioning system according to the various configurations described

30 above provides high precision position measurements. The precision i§ affected



devices currently located within the cell and

comruni cating with other network conponents . (e.qg.
wothero1sel| sites, central conponents, etc.). BathL2006/000863

nobi | e comruni cati on devi ce communicates in a tinely

manner with its cell site, receiving and returning a

control signal, thereby providingjghe network wth

informati on indicating the current range between the

mobi | e devi ce d the. servi,ng cel,l _siite. I :
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preci sion position measurenents. The precigion. is )
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over a Tperpediichini Bpstés, accovding ltorgke )preSyet mvention, is better
errors are mnimal as there is no need to, conpensat )

20 protected against blocking and jamming. The positioning signal available to
receivers located within the coverage area of the positioning system is stronger
than the GPS signal available in most areas covered by the GPS system, and
therefore a stronger signal is required for blocking and jamming.

The invention was described with reference to RF radiation, and mainly to

25 RF radiation of frequencies of about 1Ghz. It should be noted that the invention
is not limited by the exemplified frequencies, and could be employed along other
portions of the radio spectrum as well as other electromagnetic 1'adiat'ior"1‘ spectra.
Furthermore, the invention is not limited to electromagnetic radiation and is

applicable to any other form of propagating wave-borne energy, such as acoustic,

30 ultrasonic, etc.



for receiver errors and to correlate readi ngs from

different receivers. The positioning system according
woaod7hve3ozar i ous confi gurations descri bed abovePOTaNI00€®0863

hi gh update rate. The update rate is affected by the

wi dth of the periodic signal as well as by the length

of the switching cycle (i.e. theibength of tinme needed

for transm ssion of the periodic signal by al

antennas in the antenna.array)..For el sl € liments

setti n§ot ﬁ@%%@’hﬁ%ﬁp‘&sm@%g{?&ﬂe&gﬁ’ @Eél gn totgé{iouﬁseé{:ﬂ?ou

and .t he |er B LEBIaRg-L¥Ed 8ydt@nd. BRGulddbe noted that a

18 QFEHWB§@@%WN&%<k£8nE¥H b Sy

rate 1s nmaintai ned. Not'e mat high update,
rﬁggﬁghg@ degeehdrdmayigahd anverten sookd bedntagrated with other
st gnal -to-noi se ratio, and consequently, [ag%fr d man
ceyaemge. @arother Pisgiqusg sygamsgdEgeEHindesoF iR gy Higms and many
the present inventiqn, is better ect ed agai nst
5 bInsERi WHLARS TG HIRC ‘Fﬂfﬁh‘%}lsp‘&‘f ’F’iog'ﬁf?"%‘t&%g’uggnal avai | abl e
to receivers |located within the coverage area of the
positioning systemis stronger than the GPS signa
avai l abl e in nost areas covered by the GPS system and
therefore a stronger signal is required for bl ocking
and jamm ng. The invention was described with ‘
reference to RF radiation, and mainly to RF radiation
of frequencies of about |1Ghz. It should be noted that
the invention is not limted by the exenplified
frequencies, and coul d be enpl oyed al ong ot her
portions of the radio spectrumas well as other
el ectromagneti c radi ati on- spectra. Furthernore, the
invention is not limted to el ectronmagnetic radiation
and is applicable to any other form of propagating
wave- bonme energy, such as acoustic, ultrasonic, etc.63
- 19 - For sinplicity, the positioning systens,
according to various enbodi nents of the invention,
wer e described as stand-al one systens. It should be
noted that a positioning systemaccording to the
i nvention could be integrated with other systens e.g.
ot her positioning systens, direction-finders, radar
systens and many nore, with the required alterations
and nodi fications. CLAI M5:



1. A systemfor positioning a receiver, the system
conprising an antenna array of at |east two
wepew@d3dapart ant ennas coupled to a commbn geneCamiivg6/000863
and swtching unit, said generating and swi tching unit
is configured to generate a periodic signal and to
switch the signal between at |eas},two antennas,
constituting a positioning signalj such that an RF
recei ver receiving the positioning signal and having a
phase difference estimator is capable to neasure phase
dkﬁig?@ﬂges bet ween portions of said positioning
signal transmtted by said spaced-apart antennas, said
phase dif o6 Rt es ?Gﬁ{@ﬁﬁign@ reb@ver ithartsasteoncomptikimg an antenna
receiver relative to the positioning system 2. A ,
systenhscensing smoetiapartlantammaseionpiis t pepnureR generating and

signal  includes, portions havjng.a first. f.requenc d
paviiichiRg malk rsglcﬁg%%ré}ﬁagf%vﬂé*qa gk%{ﬂgp%w oIy nﬁ&vﬁ%ﬁ% generate a
t he same f.requengy.ar 1 tghed: [ aste tennas,
St RETOFLE B8 aPPaaFﬂ eﬁ?@g} @% il@éisrgﬁwaeggo%?{%htg% an eml;f
d aj ;R I &oRitRigl f 46841 f sieduansty dns RIh teteiveangeeiving the
of@g%%ﬁ?mﬁha%lz%grl m)Irng:Ig anl% t he second frequency differ

f rgypitiaiitlg Signsl ahd davenry pbysabilarenoq-pstimatonis ganabhe to measure
according to any one of the pée%gdi ng. cl.ai ns Y\Atwerei Bhed by said
s aplehse WA BN apaP et WERINTHENS PE SUGRASHP RS S1g0g transmitied by s¢
generating.and sw.tchin I B eyl b @ i orientation of th
i FBAET 'QP%F eaé’geffl}aﬁeg Ei%gw%yé%fgér%@%%éoﬁl??{%ing 0 an(_\}ngrﬁé‘ on of He

10°freEQiQ/ePfe@§’£gﬁgrMh‘é'pﬁisi’fﬁmiﬂ@@iﬁkm. sai d antenna array

conpri ses antennas in a tetrahedron form 6, A .
syst em akcoystimgictording tor@lasm 1hehereis ewihpesiodiqsignal includes
wherein said position,i nforrraticgnrpqirgcl udes.i nf ormat i

of pertions (asenbia HibrEBRDEY WL PIBER Vi 4 pEcond requency;
;;ﬁ%@%ﬁéé% ﬁge ogan‘?eaiﬁjecﬂltgngf a(fr% o1t 8BRASn faidAat least two

to any o e preceding clains,

\Ah%j’a%'b@_aﬁ%qmmgﬂa array includes at |east three
ant'‘ennas and said position information includes

15 n§.or mat AcsysahnutccbhtingribeGteami 3nwhrreai@id dusj figfuency is in the
" ;a?lgg eg, glg:otuttlo(}lgl%l gr more and the second frequency differ from said first
frequency by about 1MHz.
4, A system according to any one of the preceding claims, wherein said
spaced-apart antennas are coupled to said generating and switching unit via
20 substantially identical feed lines.
5. A system according to any one of the preceding claims, wherein said
antenna array comprises four antennas in a tetrahedron form.
6. A system according to any one of the preceding claims, Wherein said
position information includes information of a surface of a cone .onto which
95 located are the receiver and two of said at least two antennas.
7. A system according to any one of the preceding claims, wherein said
antenna array includes at least three antennas and seﬁd position information

includes information about the orientation of said receiver with respect to said

antenna array.



antenna array. 8. A systemfor positioning a receiver,
the system conprising two spacedapart antenna arrays
woamplesh71 0 at | east one generating unit; eachPamIEN&000863
array conprises at |east two spaced-apart antennas
coupled to a common switching unit; said common
swtching unit is coupled to sai gl,)ge_ner ating unit and
is configured to switch the signal" between said at
| east two antennas, constituting a E%Si tioning signal;
subh t hab syfteREforcpesilieninget BGF YR, 51 o SHIBi PgiTigs two spaced-
signal s transmtted by .both .ant.enna . ' .
2 G AT anane couB g o ere oy o ile 3R, 43K enna array
di écfrﬁﬁ%eét Retvegs s@)%éd-ﬁgét ofnt@aEl @upséd o a common switching
positioning signals, “said phase differences indicating '
pogiit;i eaidi edanvat seitching heitr scebwgledr® atidvgenerating unit and is
position of the antenna arrays. 9. A %?é/‘st em according . .
5t ccapifrgumed fo ameehithe sigingl pefsiacndid At BRREETQ ALiCHRY Fogstituing a
i nf or.mat.i on.abqut the orie tion of sai ecej ver:. - .
o P eupE i BRE: sup T i sp Ry 1@ Uik Saf YBbitioning signals
acgor diingqt | WNETR)sNaSRihg htd@Be difference estimator is
i n‘?g[g%?lggnai/ ?gﬁtg{é@lnf orﬁ}gti on agig%ts tphe position of
sailsle rteaeéxpie phise Siffatshesm betvepngidriions g each of said positioning
transponder, the systemconprising an.antenna array.of .
at sipealst saidopkisacéidicaprees AMHEHRGsPRVHPN HIGFHHIFY € receiver
generating, and sw tghin nit, said generating and
1Osy\3i %th‘fentﬁg@ﬁﬁ)f)s’i%_ ncﬁrﬁl?%ﬂf? atagagé’ner ate a periodic
signal apd {QeSWhtER AL 181 OTAin Lt wherkif addd ahodiB88  information
two antennas, constituting a positioning signa '
t r ek tiatbrieationeab suanhp ariitatiord of etul resdivtes Witk respect to said

system the system conprises a phase difference
estitpaR®dAIEBUpl ed to said antenna array and operable

to asur e ase diff.erences,betwee L 1. . .
rel@r nedApS%Q?’lnoﬁFﬁ%‘dﬁggﬁgl ?'lqlﬂ]evgygfpggléugﬁéeﬁ&l{lg& information
(o}sn ol WEN h 80 kb ¥f &QHRE@GvE0 sai d phase

158i @gé%lﬁggfﬁlg?ﬁﬁgtdg?ﬂgﬂ% %{%S%tlfl?%gr ed to d\étler m ne the
posi.ti onAokyithe toanspdtistengr el @hispentler,t the pysteti @omprising an
of the system 12. A nmethod for positioning a
r eCEENRS | ATTdYe Ofetth deRst INYS ispReRG-apathraeRIaigceupled to a common

FSJ Sé%gegla%c S%n?(ﬁ] ?x'»vit%ﬁ‘ﬂgcf&ﬁﬂ 5319({ \g/\e/eneerr]aﬁaﬁg la&? g@vit%ﬂﬁlg unit is configured to

generate a periodic signal and to switch the signal between said at least two

20 antennas, constituting a positioning signal transmitted to the transponder and
returned to the system; the system comprises a phase difference estimator
coupled to said antenna array and operable to measure phase differences between
portions of the returned positioning signal, the system further comprising a
positioning utility coupled to said phase difference estimator and configured to

25 determine the position of the transponder relative to the position of the system.
12. A method for positioning a receiver, the method comprising: 4

- providing a periodic signal switched between at least two spat;ed-apmt
antennas of known locations coupled to a common genem;ting and

switching unit;



antennas of known | ocations coupled to a common

generating and swtching unit;- neasuring phase
wdizbd7ensnces bet ween portions of said signal aBCT/IL2006/000863

recei ved by said receiver; and - determ ning position

i nformation indicative of the position of the receiver

relative to the |location of said g _|east two

antennas. 13. A nethod according To daim 12, wherein

said position informatjon includes infornatjon.of a .
surf aceméﬁsuéimcgoﬁ]éﬂsﬁﬂglé%ei’iﬁ’@@ﬁ ehU ST FOHHYS Rk SHid upiAl as received

and t of .said.at | gst two antennas. 14. A nethod

accor \gﬂﬁésql 1%965}’%_%% wherein said position

i nf or magdiBninied HOEE oh MR ARtLANNaket Ve biiehopbsinbatdfahe receiver

of said receiver wth respect to said antenna array.

15. A neldtod tacheichatngntad s@ldaitriedst twalta@lingssai d

periodi ¢ signal includes part.io S, ha?ﬁi ng a f.érst Hon inf H
5f rBuendy HAEPHHRRE HAY [AYTh Ko cHRTTHT etfie fgpiuon 1ntormation
portjons .having the. s e § §,C ar ver
e’f’\ﬁjé S dn oaméq,?iopeﬁs? %{Iﬁ%éer &AY %)(fﬁé it widch 1%@9tedlqéfe t’l}&e receiver

b Spaced-apart antennas.
POSid A0 bPEaid s &R A% @RgARADEd in the appended text
an%{c%r aw ngsl. 17. A positioning nmethod as describediu

t hpd.appendesthek tcandiny doi Glgsm 12, wherein said position information

includes information about the orientation of said receiver with respect to said

10 antenna array.
15. A method according to Claim 12, wherein said periodic signal includes
portions having a first frequency and portions having a second frequency;
portions having the same frequency are switched between said at least two
spaced-apart antennas.

15 16. A positioning system as described in the appended text and drawings.

17. A positioning method as described.in the appended text and drawings.



