1 A Positioning Systemand Method FIELD OF THE
I NVENTI ON This invention relates to

CpecrT 1 al 15, topos ti ourmg. <yarenn ana-met noad IMIINAIATY
BACKGROUND OF THE | NVENTION 5 Vari ous. p03| tioning aneso
navi gati on systens and net hods are known, in which a

pl atform of an unknown | ocation (.e.g. ai f bor ne
platiorm naval platform or a grun vencl ) lIIIWIIIIHIMIIMIIIUIIUIIIIIIII&
conmuni cates with aé)om ti oning g and pr o \Gooooz

with information ab ‘t!(’(@“®§§ﬁepbﬁn M%*tho\‘ﬁe to-the—- —_—
positioning system (referred to as radial). A VHF

Omi di rectional Range (VOR) systemis a |ine-of-sight

radi o 10 navigation systemin which a ground station

broadcasts an aircraft a VHF radio signal encoded

with the angle to-it, indicating the direction the

aircraft lies from the station. Many VOR systens have

anot her navigation aid called D stance Measuring

Equi pnrent (DVE) at the sane l|ocation, for providing

t LD ORIIEEWNVENGION ant di stance fromthe

station. By knowi ng both the distance and radi al 15

from t MEhis E_tﬂteinﬁﬁn rblgesabriednd it ghesdivingnsy@findand methods and
determ ned ("VHF ommi directional _range”, WKkipedia,

htmgre/ spéwﬂﬁ/ﬁuy,ﬁ@moalwgmsamwnﬂ mghHets r ect i onal
range). The GPS - (GI obal Positioning System is

anot her positionin and navi gati on systemallow ng a
pl BAL3x AN e f@@el ver (and one

ant enna) to be provi ded with information

Sposi ti OPIFRISRISHAOBE A RAVIEBIOTYSE PR Fedliodst s known, in

LR o g AR PPN Bl st

t he ¥ @asund0O¢hitley cpredindtass ofith hepositiogigd systaml @ldl 8 provided
for. non mlitary users was- even nore limted). This
i mﬁﬁhé%foana@% Kis positipn felativediadhe pesiionmgssystem Grferred to

L%@;ﬁg{l ie%)n ?ﬁ}ﬁg} sgtltlog‘l&ll Iia?lge g%@eg SN b ific- -of-sight radio

10 Mavigdtiodcdysten its whi€eh reoddredstbyor bmaUSaf@‘ﬂﬂ rafieedt a VHF radio
whi.ch reserves the right to limt the signal _strength

orsigead graededowith e apgledo dt dndicaling thesHractpn the ageralt lies from
C%Q's@ﬁ:%rﬁl ‘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 omnidirectional
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 1'eceivef (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 preéismn 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.
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Addi tionally, the GPS signal can be bl ocked or jammed,
e.g. by atransmtter 5 radiating a relatively |ow
power radiation in the vicinity of the GPS receiver.
Additionally, the typical update rate of GPS data is
in the range of 50-100Hz. This rate is not sufficient
for highly maneuvering platforns, such as mssiles and
certain airplanes. US Patent No.23, 951, 015 discl oses a
phase conparison radi o navigation 10 systemin which
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Pat ent Ro. 4,97 , 710 di scl oses net hods, al gorithns and
apividiienallyt dhe typicalcupdsie sate £y GT8Idagpyn the range of 50-100Hz,
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Specifically, methods and al gorithns based on direct, . .
20 cyclUg Ratept iManbPyLOLS dé@&@%tai pirrsgfeopparises radio gravigation

t he DOA. d i bed f vina th . . _
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conputations to the vicinities of the solutions in .
c dipersharied nseqneests i Rieasar hoalingr atc S isaeprlagorstations or stations is

PGty 3 g asiBoR tedre Sup ERltatath [ TPiaRe o Phase memory
NaysLOREdraB Y $ERMAE Pk sighalsid, forbdking e Reokd-ignals at

an ommi -range beacon (such"as VOR) or a passive
dithe enfeona pitthdtbe phascinemoraesalaiay of ant enna el enents
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fields for mnimzing the adverse effects of nultipa

sinst-differtnee rpaited-aptemmadingtrigrome trinainda onibtfecomputing  array
station, aboard an aircraft for,_exanpl,e., US. Patent )
oHocBoBEnggntuRY Shusbcaibe BrLETodR rilePRiaR: fited on direct

2022081y unambiguous estimation of the cosine of the DOA are described for
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resolving the cyclic ambiguities in long-baseline, phase-difference paired-
antenna interferometers, and for steering the Cbmputations to the vicinities of the
solutions in computation-intensive array processing algorithms, thereby reducing
compufation load and time. .

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 direction- 5 finding, navigation

aid and emtter and/or receiver |ocation purposes. In
particular, they relate to arrangenents of nultiple

ant ennas whereby the direction of propagation

(arrival or departure) of a wavefront is determ ned

froma conbination of the anplitudes of phasor (or

total individual antenna output)” “differences between

pairs of antennas, said arrangenments being al ong

cetdtvalrsn effectre ofrenultipath panalebssvesnydie apuadcytplion andrg remote

el li oly open, straight line, etc., with
atSt‘? Fb%aﬁg d"%ﬁé%ff% iSFEMBI%n measuring nore than one
wavel engs 'Paf%fnt Nfoeea 5% 8g6 Ahd BIOSASTAN dikElgsevayifultilélement antenna

Patent No. 3,967,277 discloses a radi o navi gation
syﬂuﬂmsm|autmys [f(m:ﬂha deceptof nanétmpmssmm dfiredip waves for direction-

mtting stati.gns, ,a second
St rGHERPL FPRGOBPa: Pinetdn e B 8 SRpiveh piThggrpRes. In
St k@i, ﬁ‘l%#/ WAKS tR afr eits BRMIUMpIE] dnBénnidE aMtEeréBF the direction
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station and each f t he second pair of fixed 20

10s t gedointetis cal Patimins gsuohass: woée pmoamplm;i afpoly goodian @pehetraight line,

first and econd ?I gnalqis_.1 . obtain.a thi r&hsi gnal lenoth of

i rfde- e&tlﬁhvfg st &UF 19 s H@HWH%%‘WSPF{}H T AT R j@velensta o
I d tq)tlldg ppAted, and difference neans are
g?%\l?.“g"édé% or sg tr80t| ng one of the first and second

si gnal 9U§ rRmmthEIootEham P97 ahscdosesaa fradrat mavigghah system which

|n,dict|ve d line of .position on which t

nD‘B‘F %t Fé"n P@g > 06 dedy ranymeig SEHIES, 13 SPeOnCs P&u Sof fixed
15" %xsh‘PTtHzrestQﬁJ s & ArR8ak E{aﬂﬁgn@héi‘r?&b‘ﬂ@ b BLRRLs a receiver

th oWs a platformequipped wt 'y one receilver

arighvimie fiasttraems foo degivingy m\i“nstesigmdltlhdnaghda yf doe diffdrence in the

? ?\‘illsélfl?ogslf &%égégéqnfar;@%gﬁ HAERE agﬁOOfﬁélﬁH‘gla gﬁf g}ﬁlﬁxed stations
pfﬁ}d &%8%%89 852 ({lé?{\ﬁné"’h tSQ%J i 41%7}1511 m&at?ve OBk difi€rence in the
system

ere So & nee e art for a
podiktahoss betvegeat i 3biadstamdhaddwhicbhof dheiaiectied pair of fixed

easily jammed. There is a furt eedl the art fqr.
20. 4sta%9ﬂg§o§ilmf%lﬁgr¥@efg§sﬂﬁ‘éﬁ%%’ﬂ‘g% gﬁ H‘;gd%l?g 1t %ﬁcoﬁgrségnals to

t h(‘%][alio ]Lﬁl%_'zmgng‘ §h&chieAb R first line of position on which the mobile

station is located, and difference means are provided for subtracting one of the
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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 need 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 need in the art for a positioning system capabl e of
operating in outer space. SUVMARY OF THE | NVENTI ON 5
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 two
spaced- apart antennas coupled to a commbn generati ng
and switching unit, said generaglng and swi tching
unit is conflgured to generate a perlodlc signal and

to switch the SI bet he at ast_ t
aARASHEIINE BT P Yl%lg pﬁ %ﬂfﬂlgrﬁgl WOH%MTG is also

! B3feefilh e tlf?fo%' st Wgysmnh 4tR03E bhamifg 3 Iter space.

aV|nga ®erence tlnato I's ctapable to

nmeasur e phase dlfferences between portions of said
positioning signal transmtted by said spaced-apart
antennas, said phase differences indicating position

| SToVIAAIRON OF TER INVENTEDNr el ative to the position

of the spaced-apart antennas. 15 According to anot her

5enbodi rexbrdifg tden iembediment, oft the ievérgiopr heiededpravided a system

system for, Eosml oni al% a receiver,. the system

c %P(?Sé‘tlwﬁn RACeP4ce a%é‘iefn COMPHMAG an, ¢ SPRA AT Qf pt dgpst two
2 c%ﬂs e it BETSTCRY 'RLbRE Y éoma%tbeaetﬁn@%@rgvﬁycmng unit, said

r| Sés 2 spaced- apart antennas coupl ed
t geﬁenaﬁngmnd smtchh:tmgmt imeenfigeued te gemwatesapeiodin glgnal and to

B RNER ETERTE Y R T -
101 WAt ﬁ%ﬂatﬁat GO L4l GeBeivi %Sth'é' Yiichigg SRk aﬁ&'%lawno a

t hat receliver receiving s posi tionfng signals
t rpaaeemdﬁffaenw ebidtnhtom nis ecepabler taysemn: Iphasen @L‘fﬁelpﬂm:sebetween

difference estimator is able to asur.e
d.pﬂ@%@@l%@qmﬂeaﬁpﬁ%@%}lﬁaﬁﬁ sgyd %)3? “apart antennas, said

cnb?ixhgé QFdEnces AR ﬁn%?@élﬁoﬁ’ hagematibh ITARE §8ceiver Iel‘ltlve to the

Icating position inhtornmation of the receiver
I glositioneoftthe bt cpaphitiantenofs.t he ant enna arrays.
According tgo yet anot her 1gqlﬁodl e of the inyention
3t here ACCHFBYE do RNQThes ParRgdmgR! B &he imyEnHERathere 1s provided a

L EORBROOL postidi o SOARIPIAS SkeR BRIEARR TbotaBbd-apart

spaced- apart. antenn S coup a co
genneamhl m@aﬁndouﬁwtt@hamgeasnldne gaialaiyen emalt i cagh amdenna array
switching unit is configured to generate a -b5-
paontnmseS & derat tﬁﬁoﬁpﬁ?)e‘gﬁ\ﬁ’fﬂ: RnteREas |°@\’1%1F BRtAERHIOg; gvitching

t?asséﬁd O %0RRRing unit is coupled to said generating unit and is

20 configured to switch the signal between said at least two antennae, 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 phase differences between portions of each of satd 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 mventton there i is prov1ded a
system for positioning a transponder, the system compnsmo 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



constituting a positioning signal transmtted to the
transponder and returned to the system the system
conprises a phase difference estinmator coupled to said
antenna array and operabl e to neasure phase
di fferences between portions of the 5 returned
positioning signal; the systemfurther conprising a
positioning utility coupled to _said phase difference
-estimator and configured to determne the position of

the transponder relatiyv o t.he position of the
s mﬁ%ﬁ 2 gﬂfleﬁ%%\(ﬂc P&x@r%gﬂﬂ lgeglwgelp usgqt{]érr Teast two antennas,
ﬁg?ﬂ%g[ﬂ%ﬁ% P oéiHS%j%giﬁgﬁeﬂ QnshiREL td $hd 'Er@ﬂﬂ)g)gﬂexamld returned to

for positioni-ng®a recelver, the net
c other sysieng: thd Gystepr ovmgiisyy @ ppesd drfferesiegestimaswi tedpded to said

bet ween at | east two spaced apart t ennas of known

| oRHERRATHOUK QREIRYC A0 ERFRAWE Ig@ﬁ% F@?@fﬁ@ce—é tween portions of the
i i A S i i ) vae

R e e e

angoubled tolefart phasendififasndd estimatorr amt iconfigwrdd ciat dstermine the
of the position of the receiver relative to the
| opeholbthe dtnspander sdaitve ipdha ReEHAR ST tsRipared-apart antennas.

DESCRI P : : t :
i nvent i%%cgg(rl]l gtté-ljlszge gvﬁ%dhn%ﬁ%gﬁglgrﬁvg{gm&jﬁh Qggsitpﬁgvlded a
pr methoddor potordihg agstxidkrdrtmethbl lcompwishes: descri bed,
by way of non-limting  exanple only, with reference

10 o t he RIe¥GiRmARGEd siwnalswitthedvhptreenmtgleast two gpaced apart
schemat j ¢ il lustnationof .a sioplkfi rchifect of
o posi 1B O PR IesBa I 16 B COlhdrB Uiferting and
t he i nventdhiny ult;g. 2 is another illustration of the
positioning systemaccording to the 25 enbodi nent of )

t he irnvEpRSUHBSSHesm differrnees betweeny pogiqns of ssidnpigngl agreceived
archite e of.a pQsitioning systemaccording to
anot her e%‘gbﬁlcﬁ%‘%%’ ag)’rsd the invention; Figs. 4a-4f

155 chemat deg@dnliyinicl Jddfionain€orn@intih@Rkfige 6F 8eefBtition of the receiver
accordi n? to several enbodinents of the invention,
-6- Fi gelative go gheflopaiigrhelt said plogpHGwWa asEanance of

operations carried out by a

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out
20 1in 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 mvention;

Fig. 2 is another illustration of the positioning system according to the

3]
h

embodiment of the invention shown in Fig. 1;

Fig. 3 1is a simplified architecture of a positioning system aceording to
another embodiment of the invention; B

Figs. 4a-4f schematically illustrate’ positioning systems according to

several embodiments of the invention;



receiver receiving a positioning signal transmtted by
a positioning system according to one enbodi nent of

the invention; Fig. 6 illustrates a signal generated
by a positioning systemaccording to 5 an enbodi nent
of the invention; Fig. 7 is a schematic illustration

of a receiver designed for receiving a positioning
signal generated by a positioniQ%_signaI according to
an enbodi nent of the invention; and Fig. 8 is a flow

e g S SRS L SR AL AL U O 1y o
i 4 i o T . 4 T F . o ;
AT A R S T ST ioning sy

scimeording td bhaishbediiment of tha isvenulonf i ed ar chitecture of

a positioning system 10, accordi to an enbodi nent of .
the i gt BdﬁPStﬁfﬁ‘*é 2 el E%ﬁfﬁfﬁdgg’s% BRTIEEINS Y SigEL ageording to

a in: AR, own position, having at | east
S?M%?%%ggﬁelg{%gpart e%ﬁv%r?tsghnas (two antennas 120 and 130

are shadifig. 7nisk gehefhtit) illasdatiorg efier woeiver dadgasd fahteogiving a
unit ,14Q commonly coupled to,.the antennas. _Base

st Bestprng srepalig e d by g asitiming signaaacoxsling gy am egpdiment

beofﬁ%%ye%ﬁo&taﬁ ~certain local zone Z. A Platform 100
of Zan Unknown position (an airborne platformin this

non- | i nifiel 8ds exow!chhrt shouinpadegiddteast dferatteeicastied out by a
and one . antenna (nqgt shown in Fig. 19 flying in zone

107, Poshipening 8ysis Ty AaFording e an<arbodimept ofihe sE&niioBn| ng.
Also shown in Fig.. 1 is another platform 102 (a
ground vehicle) traveling within zone Z and receivVving
positioning signal from base station 110. Posi'tioning
Signal Sis a periodic signal (e.g. a 1G# sinusoi dal
signal) generated by unit 140 and switched between
antenna 120 and antenna 130. In other words, signal S

includes signal portions emtted by antenna 120 which
| 7DES A BBt BESKRIPEIGNaDH S GREC NI BYEN 8 0F THE
1N RSO D 2l orm wi thi n zone z havi ng an’ Re
recel Velpis, 1 is a schematic illustration of a simplified architecture of a
positioning system 18 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 receiver and one
antenna (not shown in Fig. 1), flying in zone Z, recelves sighal S and uses it for
25 positioning. Also shown in Fig.. 1 is another platform 182 (a ground vehicle)
traveling within zone Z and receiving positioning signal ﬁ'om base station 119.
Positioning .Sigﬁal S is a periodic signal (e.g. a iGHzlsinusoidal signal)
generated by unit 140 and switched between antenna 120 and antenna 1390. 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
signal (also known as a digital phase difference
detector, 5 see belowwith reference to Fig. 7) would
be able to estimate the phase differences cp between
portions of the positioning signal emtted by antennas
120 and 130. Phase differences detected at one point
within zone Z (say, by platform 100) differ from

g8 SO RS AR S8 S gion o
of refdifing &s Bigy ;68 Tedrafdry Sinly Ol afiben Bashid 26helP ]ﬂﬁ)ﬁlg]fﬁlgRF receiver

As antennas 1 and 130 are | ocated apart from eac

ot #ppRed. yithby phese wefferesye eaimaisrr afiot castimaiingi the Zivermedcy and

regei vi ng, signal ,S,. detecti,n hase ..di f.f eren C
AR e PR ETeNsy e @RgHTovESy & digtlage difwence detector,
51 Ne@r BEbIWORVithS Wefek&icento g thewdgliena dtad 119Ne@fmdtt Sthe phase

position relative to the known position of antennas

1 2biffarescd3@ berweeppsitidnswf dlic positicniag signal emited. bykamevmas 120
to any, tform 15 trgveling within zone Z, or is
e f PR erghcsh AFeieh i oae 2o v ane Z (58, by platform
t " AR MHife} PHr'th | O5bint Q%S hBR
Th?b?:oncept of tﬁgeg)g?g?%ﬁt&i %I\t}glrl]%ll Egﬁl\{m?ﬁy ’ ﬁ’fwb %gf% &mSM)Z), and
exprzEspedl torthg eeatretricall dispbbition toff thefeeeimar eelitbveMogmtennas 120

2-3 a 4a-4f , in which the sane el enents are nmarked
10 e, etiinian A A AIE RS (oro APRRG o RAeh Set g, by 10

Figeterd) LRS! 614l Oplii§s d»a idib gt gat of
t hee Slc?)S%’i t gn ﬁgggést em 182,%5 h%w%“ﬁ% él‘l’g{[g%rr%'t He%;&flﬂa phase
didiffesintésoneodnd e pegutioynf rg sSysil 68D ©pgoatdedowith mformation
zone.Z (zone Z is not shown in Fig. 2) and a platform

100tfiaent oy the daterminsitien 2f i pesidemralanvd to theqigiqypegosition of

Wi [ r IaWe ving a S i f.f erence

ettt T2 R X Tl PO IR R Rre Bl it B Riliaelnegpyyplatform
15anthveliag ewilhind @680 CES of Aist hadsntiad aet Blel BRILRSKL VRN dedicated

25 of signal S (this will be detailed further bel ow

witransigsEmepicenasidei gn e posithenipg pignaln® of signal S,

that arg em tted antenna.120.. travel a slant. . .

i ot andgeRoncRl ob thE BrERGE I G Blipal: B, heisd in ereater

paletdibRatherftdente 1o Bigant-8nmad 4234, id ReHiclt HRYhmA elements are

di stance R2. By measuring f and_cp, AR could be :

denaked bydhasamg Teferehest hunsber. Regettimguwwow elst fooRig. 2] fthere is

Zoa%i'es(elzl?e:d aRother 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 pdrtions
25 ofsignal § (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 Qnﬁﬁed;by'antenna
139, that travel a distance R,.

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

-30 known relations (1) and (2):



(1) 27cN + cp = 27cfAt (2) AR = cAt therefore, (3)
AR = c(27cN + (p)/27tf 5 wherein: f is the frequency
of signal S, as detected by a receiver at point 100; T
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); 10 At is the tinme del ay getmeen portions of
the positioning signal enmtted by the spaced-apart
antennas 120 and 130, as received at point 100 (note
“that 6 2mYApPP FAHPL - a delay |) that characterizes
t he op&&g&%gnggf t he phase difference estimtor, and
isap [ and known paraneter, is not included
inrel §d&@re (1)); 15 ..c is the speed of light. As
the distance R3 between antennas 120 and 130 is known,
and as§)mRe c(Rhblit+ M)Refal so known (sol ving of the
anbiguity relating to Nis discussed below 20 with
SrefereMé€1%® Fig. 7), it is now possible to calculate
spati ak: I : : N :
by meas i g gRend of pl 85 et b PR Ao LY K
in Figy isl thd phase iffoRhed®etléenl pafttbr® Whith® positioning signal
characterize a signal S transmtted fromknown 25
p Giansrgitieddiynamgei@g 120cndIGP, andetectnsl at heiat kBH\ (ree Fag. 3 and text
dﬁ§fribed above, a surface CS is defined, which is
t RE%0r f ace of a cone generated by angle a, onto which

10Poi ntsal 950ﬂ1e_1t?19te ﬁlgfayli?e!%wéérﬁ bieioak f%@' meTﬁbﬁﬁBﬁiﬁg Eijg?él emitted by

information in orientation of point 100 [Fat1 ve

t thepopaced-ap2 amehnhSA20tdhrel 030, east meeivad at ppditnt00 (e that for

relative to points 120 and 130 coul d be determ ned

u SRR LCARY el & Flglﬁg| D that characterizes the opera%on of the phase difference
estimator, and is a predefined and known parameter, 1s not included in relation

(1);
15

-c 18 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 N 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 Figs. 1
and 2) parameters { and ¢ which characterize a signal S transmitted from l;nown
25 points (points 120 and 130) in a switched manner as described abox./e,r a surface
CS is defined, which is the sm'fz‘we.of a cone generated by angle a, .qnfo which
points 100, 120 and 130 are located. This provides information in'di’c‘ating 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



30 infonnation, e.g. information gathered in a manner
detailed below wth reference -9- to Fig. 3, or

el i m nation procedures known per-se in the field of
interferometry (including but not limted to the use
of the assuned or neasured. height of point 100).
Turning now to Fig. .3, there is illustrated the
geonetric disposition of a 5 pgnt 100 relative to a’
positioni ng system accordi ng to anot her enbodi nent of

Rerier 4B Bt Do RS KO T s WiADgid DEl 8 omeny
fs(iﬁﬂh&iﬁ‘l aRR @0l AhiteACH @h8l B8 of thel ANsamedhedhemated lsdightadf poin

I's g€nerated by a conmon unit 140 and sw tched :
bedGeen the three spaced-apart antennas 120, 130 and

150." In oth . Lh i t.joni i gnal__S.jngl
T0 s gRuRToRW gt end: hare aiLRARE: D&y SeTis App an of o
5 QoADRRgHet 13RI S Goeln o ot tedmen
phegaverdiohf &r whivh Detstene i 19 futlhcrisclsfles hipbaitenmml Hy located

signal transmtted by ante s ,120 ..an 30 s.well .

5 fstspRads AT BF B L e e SO f A3 epfatifin, signal s
PRSI JHl O ' 23019kl ey ioheA R BEs theABre@NPaced-apart
1%(%655@%?%8?(&’%&2{)11%% Etg f%lo. 15 In a manner sjnilar d

t gniheasonE0, deScarid 80.abhw ethei twordef e qrosiansngsigaal § mcludes

and 2, two spatial angles, g, and a2.are, deternjpneg.
10 apignsl BRFERTURE AT R TRE RSy dfars (& PRI ictsg 120G £50 and 150,

a g leSordeAIRIWE MeCestinidtion of the ph
r géggngg??F%%Qcaeﬁ%n%@g@%gg,ﬁb’i%gkﬁlﬁe ot her aﬁc’t_ennz;\))n Oande phase
1Q¥FferGansisaeat pystionwof SierfatemingCSignal( raprugeh by agtennas 120
the surface of a cone onto which points 100, 120.and .. .
1300 436, 26 Wwale @6 cly ThaE CRBIER G PEGKAH R tPHs Coibf dsitioning
of. a_con ' i ; AR,
B e G e e e o S L,

150t her , lRadnihier simntler sebtice ddsosbekpbesewith refegence to Figs. 1
pointing vector PV between antenna, 120 and the ,u. .
nland & typo Spetial angles, ruciider: a6 dgeTmingg: gs ivfeiarnigRd fith respect

1 S D, Lo 0 B AT BN o
PORILLRN Y F0SHEMHARP AR HRK)HHAG 660 Goﬂ@eqxﬁi’fﬂ?}jfvmismf@ées, CS;

the Tnventiron illTustrated in Fig. 3. The system 400
cqrepréseating thbaarfast af ionoud Onwhwdhch poousgitdd 126 and 130 are

rr f thr - rt''.antenn . .
ZOa loc%edo) antd nge (1%§%cs:§rgtinagpt etsmfage E)F 7038¢ onto which points 100, 120

and 150 are located) are defined. CS; and CS; intersect with each other, and the

intersection line represents the pointing vector PV between antenna 129 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 array of three spaced-apart’ antennas,
(namely antennas 120, 130 and 150 shown in F ig. 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



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

Base station 410 conprises a signal generator 420 for
generating a periodic signal (e.g. a sinusoida

signal). 30 Also shown are an anplifier 430 and a

switch 440 conmon to all antennas for - 10 sw tching

the periodic signal between antennas 120, 130 and 150.

The antennas are coupled to bagg-station 410 via
substantial ly identical feed lines 411 (note that
non-identjcal . b :
wppeee dreorriedit Siegel BE5RY Fnas 178, ¥IF i 450, The antennas

d‘ﬁleaé’ lzpledSHﬁ Badeh@thtidh 810 wip ytibsinthalyeidehtitdl caedt 1ie§ 411 (note
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usin eterm nation of the poi nting vector
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I ment of the i nvent i on, 1S shown in
4hhe PyBitEm weaﬁncmrplnatwem fire plataymoind opjearg dAfail conlbination

120 and 130, Th station 4 |

valﬁl?grﬁ g‘@émgat(g tg Qfgxblato ggmg%(}git%tés%pgﬁé Ie%gklg Dﬁ‘qhe same
| at f '

E:hg‘ﬁ%ﬁ%%g%v £iSnas )0\ pl atformreceiving the positioning

aving an atomc clock or a simlar device

151 N syneq Jm stiosiitid) sybiank 490, 4500whng He waeshers eatiodiments of the
ter

able to mne, in a er-se

disventioas inehanse Fiee 491 aY ?tSM(%PpS?WP ot ek gE togg antennas,
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F posi tion. Another "positioning system, .
404.g. %ﬁczﬂéﬂlmdoblo Mei smnmr@rmwhbbcplnﬁm sceiving the positioning
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distances between the platform (point 100 in Fig. 2) and antennas 120 and 130
(parameters Ry, R; 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 compris_es_an array of
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 1ocated onto the 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



identical to base station 410 shown in Fig. 4a. The
-antenna array is arranged in a tetrahedron form in
whi ch antennas 120, 130 and 150 are | ocated onto the
same plane, and antenna 170 is | ocated outside that
pl ane. Note that the three- dinensional arrangenent of
the antenna array affects the directivity and shape of
30 Zone Z (the zone in which thélpositioning signal
can be received). In case Rll -11- symetry is
S I al | yineBhAkIR Nadintdihed, " e fegiltanP Opbditi@ihg system is
s%?g%%itys% S%J{%Jg?gnt iwal 'y ommi-directional .pAnot her k
peshstamnilypnmistisctiddd, according to yet anot her
enbodi nent. of the inventi Is il.lustrated. in Fi.g...
4e: i nApRthsT @ﬁﬁae%rﬁefﬁtewg%o%‘:ﬂ‘{}% i‘@ yesAnQIler & 1%436%“"“ of
and. 4 r Lot  40N¢n (hidl emBH@RtnteRYo Paditioning
ag&ﬁ Hg%ﬁalﬁﬁéié)ggiksﬁ%e{asﬁggl oyi ng tlvvo'adj acent o .
5 P@Sittino MO8 ndy4lioesperas inithd sdree denai(thésiembediownt ané additional
hereinafter referred to gs 'dual .confiquration' . .
o FEDQRHEAIS,) CTBPTINEntVO 20HCGHAPIBETRLE Tatelis, Sl e detailed
the LYRes pild i B 5 9fial 48nfichration t &8 BAents). Systems
I:Bﬁ‘}otv?cnegg&%%ﬁ{g;g%ﬁ&le%& Eée,%"both sflgtaer_ré are of ?h%e Y
t VD8 dnldl 408t t@i Bl ahy obt @ thettyrkd illdstrayedpr Figsagaedd. In the non-
array of four antennas (122, 132, 1 72 and 12 .
13miting xampie Q7 Hig. ﬂésb@étﬁy\?@ﬂﬁ) g, the biPeoTnsred in, Figs. 4c-
and 418, respect. Ao 2,488, #5l A% RPErAl84, 154
1054 stcgﬁlpflgﬁl"yﬁl %{%Sﬁéygoarre %%é,g@n RF receiver |ocated
atantihietd, respretiwily) andbeieveatmtshd i gnd4d 8, Wspeafvolye As systems
the pointing vectaors to_the antennas of Bﬁaph .s%/z]]tqegd  that
c #9Sraddidetner e auisiantighy & MsemERAS: o (1 FEFEeRtycd attha
to Fiasy dod | HRY HEBbRS . VRERES RFthe Blnt £
or?émﬁgyl}}tlfm%%e Pé@ %%%ﬁ?ﬁg{ﬁ?%ff) t’ﬁ% EF reEei ver. | ne ermas
OtAGR S%’)ﬁéﬁlscaniﬁt ddhermidethascdustiibed aboverwite mbodinvete Figs. 1-3).
the determnation of the positiontgféth.e.re%ggvgg .
15( dbath podftig agtqrs intsrseetiatope PRHItHAL 118 POFHILR 0L Aa% 84 THFEIVET- In

th 0sSi tioni ' Sl . i.ve ’ t B, POS L4 Q0 £

sySeansors BHBE B athEkEERp Ko mPREMAR, (heD RS of he

Ry dsaft ¥etherubidebpigdeteentdad as2fixhanateorealized, based on the

positioning infornmation obtained froma pair of

pawisttiani g sleagigeeaire bfromt hash PPHECHEGSYPIEEY- wi t h

refere t Lg.. 2.8l i iG Thi :

e e S A 4B b PR 01 g v Ermine
20P0Siskd @RI GitRYSiLHiBorn@ARR dANined fbrbasir of pdsitionife sgstems of

base station 41(?_ shown in Fig. 4a2 and an array qf .two

anthetypesdgseribed with reference to Fig. 2, also 1llustrated mn Kig. 41. Ths type of

dnal 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 (e.g.
antennas 120 and 130 illustrated in Fig. 2). As discussed above, wi’gh reference to
25 Fig. 2, a positioning signal switched and emitted by an array of two antennas 120
and 130 and received at point 100, allows the determination of a surface plane of
a cone, onto which are located points 100, 120 and 130. Ther‘efore, in this dual
configuration, two cones are thus determined. These cones intersect at one or two

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



antennas 120 and 130 illustrated in Fig. 2). As
di scussed above, with reference to 25 Fig. 2, a
positioning signal switched and enmtted by an array of
two antennas 120 and 130 and received at point 100,
allows the determination of a surface plane of a
cone, onto which are | ocated points 100, 120 and 130.
Therefore, in this dual configl2ation, two cones are
t hus determ ned. These cones intersect at one or two
| i NeSr SiGhot Rah WNElinf8EE e td Bnhengndwdi gatses(etdeis below
poi nting veEtor, and the other -12- one; if existing,
Cafubé seffacy, faloedtetirt a vemrussotk pOSIHoOpetic3e (e.g. is
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and 4f t4 betindY¥éhhe onldl @ehbm@ton , the bhes stations
stati o%%ﬁ%sg.4ge%éilt %ﬁé%ﬁ?ﬂ%@ﬂéﬁd&gﬂ%@shgm in'Fig. 4e)
_ W@% g. éléﬁélgt@t’-lﬁd and r:ﬂ S%par:nan & i%.rrlet) wdre pr@hm}gdaﬁ Beeparate unit. It
under st ood that the ' al. confi rati.on t he .
| Shad i o TedRSER §1at i o DAL COTAPFERIS s Ohghe Bygyion can be

102?1%81?%23 iy dz% %gllg?engasg%%{tﬁﬂ B8ufledko 8hd dperafihg dual arrays of

suc each antenna array constitufes its
g\éﬁteﬁﬁﬁ’ﬂ, tsham;uag e@dk@ﬁﬁdf:nnal%jml'ays;idrr:rpﬂiﬁgtﬂsngs, owmposﬂ‘@miggg istpmal.
escription and specifically the discussion.r { .
to Fi gFopsimplipitetthe feicqa@sedraRues G r%ﬁ%‘ﬁﬁf‘ﬁé%ﬁr@{%cusmon
anbi gui ty gt elbabl ngof; H6h&1SH PRLIEH afe BAEBIRY QElating to
N?giaﬂjaq’ i%ﬂgngz : fihd;g?%] gélgg%ﬁﬁ%gtﬁ% “cycles “of 115’[[1%, .
SifgN AetePmal Hidg ¢ paiagteeeralNe ikdicatings theeimatgematumets dlogycles of
sol ving the anbirguity of N and _the_invention ia not. . . £
15 isigrae8 dlang ARy Tere angf kiovensevasd grefhads 105 sglying the ambiguity 0

enbodi ment .of the invention, .the L.guj IS dino
SOt v T SRR o BiRhel o) Sifeck ity pceBrding to an
r 5 S SGEnt Of TThd inoliRg et kmbidinFbg N 26 sblvedrigemhet following

determne N, the positioning signal S includes signal .
paninrens disewisad with inefrerr® tor Eigychdgeetherr withnkjigsi2gnig) order to

portions ving a.second.fr en . ' . ”

DotetiraRae RovithoperBoRReqiety® prodds St Aafl@lMaving o fis

a Lided byg abdndd HRrtidlt BRAE Atsetdinl ryeans, d5.r aYte signal
20( ng\%(ﬁ{aéh%%nﬁas' 120° gng%iso in thg exanpl e. shown in

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 n

Fig. 2), as well as those having the frequency f. Therefore, a receiver having a

phase difference estimator located at point 100, will measure a first phase

[\.]
U

difference @, corresponding 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

manner:

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

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



Fig. 2), as well as those having the frequency f2.
Therefore, a, receiver having a phase difference
estimator |ocated at point 100, will measure a first
7kphase 25 difference Pr corresponding to the first
frequency fl, and a second phase difference 02,
corresponding to the second frequency f2. The
di fference between the detectgg3values of cpr and cp2
is used for determining N, in the '"followng manner:
Freque Les f{r d f2 ar ¢

i nét i Mg hehgs RiS G EEREIBNED, KThpllts D 2 timited
S|gnal ai SALRR, ewnhlofo&®OM/the relatlon -13- (5)

mhereln kK i’s an integer haying | am1va|u? ]

f r om ade eviatrepde, 1§ élt' 161H ghdi E5° 1 kGl then E would havegvalue from

| £2=1 1
%%ﬂr&eﬁﬂ%@ﬁné f@éé?t WSYflhé?f‘d ©i8 te’di] %1& 1!;?()911” & <1,
f f=b 2. 5
SO e e gfeﬂ(p

27cf vt dndpgdaiydidgvi di ng:  (6) (27cN1 + (pl)/ 27t N2 cp:
= 27cf 1L\t/ 27cf 2At andfollom&g@glgple arithnetic
pr oced(f)é2rNNt (k) 28NHe e A (7) NL(k) _

ol of e (AUl B b B e TP e o
and cp l?@"h?flq) wﬂ@)@&@ﬂqtp@lgﬂd(ﬁeﬂ) and limted set

of vaI 3), N1is

1pdeter mU‘sﬁ@ ﬁsattdnempx/mmte midasllll'ﬁdrvahfes rof] fat f20r01 (@A)L @2 together
(e.g. when the mninmumof a ncN

= b N1
i sm&t:ﬁteepl@dyﬁnqdqm@ Aispitegh pefsOl y ugy Of; t(% 8 & el ' utnfh ot )3) N; is

ui ty of ,N, i |0U@ﬁ§ tye £

68 p o B () S YRen ¥ minimum of o

tftﬁmEN\?ctﬁfunedrrdhmgr@m@e@sm bther tworals) imordat @esolve the
of values for k, and therefare ahe val ue .of. N

bendngiiny ofdLete Pty SISTRALHHFAG Pif disrErser ch iy pisgefined
];ifn%ﬁ%p ég glrhk/ﬁ—gzs} @{ﬁ p]aelqgﬁ%xécg%fﬁgh&sé%g?{ase t? a limited set of

Cwﬁessmwt NEn@ BERUSRCEeOkalpeshN asld0e easilyi deltetmtned by
20 the receiver (platform 100 shown in Fig. 1) f
t hﬁeed;ai‘mg ranahétors Hfangap axfesignalnportions of both frequenmes (that is,

parameters {1, £, ¢; and @s).
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 fj, f5, @, and @3,
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 f;
and f, (e.g., for a 100MHz difference, the set of values for k includes the values
25 1,2 and3); o
In operation 330: the set of values of Ny(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 N, (k) is determined as parameter N.



In operation 510: receive neasured paraneters fl, f2,
(p, and (P2; In operation 520: provide a set of val ues
for paraneter k. for exanple, k could be provided
froma reference table according to the difference
between f1 and f2 (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 ofqvalues of NI(k) is
deternmined, using relation (7) above for the various

val ue rovi de
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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 solution for solving N ambiguity, that involves transmission of two, different
frequencies. The invention can be implemented with other approaches, e.g. step-

wise solutions as known in the field of interferometry. | )
Fig. 7 is a schematic illustration of a receiver 700 des1gned for 1ece1v1110 a
positioning signal generated and transmitted by a positioning system according to

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



20 to the various architectures as described above),
is affected by the geonetrical arrangenent of the
antennas. Furthernore, the phase difference is
detected by the receiver by conparing a portion of
the positioning signal wwth a delayed portion of the
sane positioning signal. It should be noted that the
invention is not limted by theysbove-detailed 25
solution for solving N anbiguity, that involves
transm ssion of. two, diff f UEREIEE- e.dNGn aircraft, an
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A ghorpk Prmihiia Yokiblel BNSVRs disile, ém, bhany bfled tafe of moving
i'nterferometry. Fig. Is a schematic illustration o .
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I'on-on- vice, known in the art. .
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dét€i'nati on of paraneter N (see di scussi on above
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nodul e 760 for_cal cul ati ng e position of the . .
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C%‘t\égrra & %Viﬂwun%%af@&ﬂﬁvare without departing from the scope of the
invention. Furthermore, the receiver could comprise only a positioning utility
(element 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 onboard 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.



required. Receiver 700 is illustrated in Fig. 7 in a
non-limting manner as a stand- 20 al one receiver.
However, it should be understood that the receiver can
-be integrated with onboard hardware w t hout
departing fromthe scope of the invention.
Furthernore, the receiver could conprise only a
positioning utility (elenent 73f), and be coupled to
on-board antenna and phase difference estimtor, also

3 tor o ase rence estimtor,
Coul diee 8aburpPs et o DoBRR bR 1, it of the
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navi gat fon and/or guidance information. - 16 Fig. 8

| bparstio@t es a positioning nethod according to an
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unknown “position, receiving a positioning signal .
gendsattehinanchit opesble for getkeidting appiadio mg@g? 8ydt sptching the
according to the invention. The positioning nethod
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ant & NRag ! g%eo Berald QRiefR HBRBYI{INGviRBASEe determination of the
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ant enngde Holentivhnyaspérsatibahsndibly 880h tdferenpogpt apnairbomme

of the recejiver relative to the . . :
platform. It should be noted that the 1Invent10n 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

o]
Cn

wireless communication device, etc. In such a scenario, the retwrned signal
coming from the platform allows, in a manner known per-se, to determine the
range between the platform and the base station. Utili;ing tpe concept 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.



antennas coul d be determ ned, as descri bed above. The
i nvention was described mainly with reference to an
airborne platform It should be noted that the
invention is also applicable for ground and 20

sea- borne vehicles, with the required alterati ons and
nodi fications. The invention could also be realized
as a hand-hel d nobile device. Thgyconcept of the
present invention can be inplemented in a systemthat
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badedcmcmtalﬂg/albcatbdamﬂmncﬂma télband thmnprre@?émg with other network

i nvention could b ﬁ rated with a cellu
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geQgh AR CabhYahase @oﬁﬁﬁﬁﬂ‘h@ﬁés il Y:P'tﬁﬁéllyym'lﬁné&e IV\htH &5 cell site,

comuni cati1on network 1s formed as a grid
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mobile dewce relative to the cell s1te 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

W

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 infqrmaﬁonlbet\ve_pn "'djfferent
and remote systems. N

The positioning system according to ‘the various configurations described

30 above provides high precision position measurements. The precision 1§ affected



information indicating the current range between the
nobi |l e device and the serving cell site. However,
typically the specific position of the nobile device
within a cell is unknown to the network. For exanple,
"as is clear in light of the detailed discussion
above, by proving a cell site having tw antennas and
20 switching the control signal. {derebetween

i nformati on about the direction of the nobile device

relative to the cell.site,can | T .
oL Gl Bl T GOV B G IEiet encies, beter
pgﬁ&ﬁkigﬂiiﬁ‘ i3¥st eMRweer, dn JAlST ®Ypicite gieBte®kyitEmt@nge, lower
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s istquescieare wrampd.aVotetibatpwbie at thertyeqheney rangsl of apeut 1GHz,

S50 8L, 55 LAOT IR AR E s v
SNaEYéc?L@ﬁhQQ T@@%@i@om@i@ iffittBer BYecRIPYY tHeNgboRedtt) @t ®e array of the

positioning Information, the, present 1nvention could
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frequencies, better recisign is. yielded. However, in
100 rfgefecel’eh F’&Q’fscﬂ%‘dgt\oé‘é’%@ atg %"8@1’%3 &b%@ Zl,lf??l Siieeetvers.
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freque::@%/e °§§%‘§“%§g§%§‘3‘?1 Cf%@izlﬁg E(tL]ia{nee O Site litosons_ Eeerne
t reesipssvides highreuiate ede. The wpdateriatats affedted dpdheagdd of the
at lower 5 frequencies. The precision.is further
af pesdaysigyaliasevele 6?@6’ rhe Eqng&h é’SE e syt gycle ih?‘etrli‘ﬁ&gngm of
; i 15k tsCdhal BPEIIRA 108l ant
COe gRESe B Rabitipleich SUTRBHSM: fhal YL Ahtd WS anteana
150f ark419. Fooeseihsionby aettmgsthe Additt bbnal GHppevbdicongnad to 1 msec,

achi eved by averagi ng, phase asurenents o perj od .
ofand #he lqugtly of other sitvhiBg  9yclesiQ e MEFr 8r i&iﬁﬁz update rate is

m AL IRl 88 YO8 Fad i g?louﬂh‘?&dr % P?&H@@snﬁéﬁe? na¥fgaliBh precision and

recerver errors and-to correlate readings from
di hdtes elthal-RCebivetfio, Ihé cpmseighémthy, Mggsystveragaacen. di ng
to the various configurations described above . b
pr ovi deBhehiDghitioptRg EY§ieme actpiding dat e  BIEEC SIYFRIE} lf better
yol e dth, gf indPGhe g]}nﬁﬁ%jrgﬁk itf¥lihe %Y avBfable to
queﬂré)feiwcte\égf gt’ﬂxel&slv)\;o{&gﬁll%gﬁ%gc e (T.e. tﬁélﬁﬁg% hﬁ%lf; ¢
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 radiation 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.



time needed for transm ssion of the periodic signal by

all antennas in the antenna 15 array). For exanple, by
setting the width of a 1GHz periodic signal to 1 nsec,

and the length of the switching cycle Jo 4 nsec, a

100KHz update rate is maintained. Note that high

update rate provides better navigation precision and
better signal-to-noise ratio, apg.consequently, I|arger-
coverage area. The positioning system- according to

the present Jjnventi | : 4 htsdiments
bl ocki i SHHR S BLvitiEn B G s RIS R AIbIATRUINS

t OF the SERINYiBH SwhRCEsedbal ihstand-abnecysteageltshealddfe ndted that a
positioning systemis stronger than é?e

GPS si gnal .
apaitiaihe systempatccafimgstoc Bike HBENEYN 10814 ngﬁﬁ? Wity other
therefore a,stronger. signal i [ i I |
B B T DA OO VB fa e oF ASdnd many
r&f peliciti R andndodificalionst o 25 RF
ra3%%??gﬁm%?m$§gﬁuencies of about 1CGhz. It should be
noted that the,invention is not limted by the
exenplified frequencies, and could be enpl oyed al ong
other portions of the radio spectrumas well as other
el ectromagnetic radi ation. spectra. Furthernore, the
invention is not limted to el ectromagnetic radiation
and is applicable to any other form of propagating
wave- borne energy, such as acoustic, 30 ultrasonic,
etc. -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 nmany 5 nore, with the required
alterations and nodifications. -20 - CLAIMS: 1. A
system for positioning a receiver, the system
conprising an antenna array of at |east two
spaced- apart antennas coupled to a comon generati ng
and switching unit, said generating and sw tching
unit is configured to generate a



5 periodic signal and to switch the signal between at
| east two antennas, constituting a positioning
signal; such that an RF receiver receiving the
positioning signal and having a phase difference
estimator is capable to neasure . phase differences
bet ween .portions of said positioning:signal _
. transmitted by said spaced- apar, ant ennas, said phase
di fferences indicating the oriérntation of the 10 '
receiver relative to the positioning system 2. A
system according to Claim1l, wherein said periodic
siggnatvisacl udes  portions having a first frequency and
portions having a second frequency; portions having
t he sama §ysepdor positieningi 4 céretvebetheesystesmicdmprisingagit antenna
two spaced-apart antennas. 15 3. A sgztem accor di neq o and
t GTIeY AL Jeast WHe FRAG IPRAT ANTGTUAS CPRRIGR AR ¢ GOTIRN BRFtating an
r f i af it 1BRC erat
PR P Said Erdlind P SRRALRE RECR orTeREE R onerate o
5SYpeieficacipantiag te switclonheofightle hetwemdiahgleastaitwe, antennas,
wherei n said spaced-apart antennas ar oupled to . .
S EOBSTHBHRE a% | PRFTEOTANS viiERH; rﬁgwﬁn at\ g RBgreceiver receiving the
subst.ant j al: [ i 1 . ; -
2 SO RR b §8T  PRES TR og sotfafl Elfable to measure
sajhdse @iffepdtitas BERRENqRMIsNsSESsHidpositintingrignal transmitted by said
tetrahedron form 6. A system accordi to any one of
t Frongeormaeh AjeBIas id RSk CTaCe® TRBLRRTEfie onentaion of the

i nf or.nat.i ' i nf i.on of a surface of a

1Ocdﬁ%elg%ﬁflglﬁy\h?§chl%d§%n}%%%%I{rie the receiver and two
ofy,sai d patydi@asdcchydingnb efinas . 1, AvhdseRy sdidpeaindor signgl includes
to any one of the preceding clainms, wherein said )
amoshens Seviag R nlrshdEeIusnoY it PPHIQE ARG raseean frequency;
sai d..posi.ti.on jnf . ' . ' -on,:ab
¢ AT R URE o B ety S Sch e BB BB Bt past o
angp@PiBaphf Attenmadl. - S. A systemfor positioning a
receiver, the systemconprising two spaced: apart ..

15art.enna fasysiy® asopiied te d:]ﬁtml—e)a%hﬂéﬂ’esﬁgrfgﬁta eAgency is in the

e ( Lo o
e RS AR g S Bk, P o s e
frequency by about 1MHz.

4, A system according to amy 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 ome 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, wﬁerém said

position information includes information of a surface of a cone onto which

located are the receiver and two of said at least two antennas.

RV
(0]

7. A system according to any one of the preceding claims, wherein said
antenna array includes at least three antennas and said position information
inclndes information about the orientation of said receiver with respect to said

antenna array.



unit; said common switching unit is coupled to said
generating unit and is 5 configured to switch the
signal between said at | east two antennas,
constituting a positioning signal; such that an RF
recei ver receiving said positioning signals
transmtted by both antenna arrays and having a phase
difference estimator is able to,yreasure phase

di fferences between portions of ‘€ach of said

positioning. signals, said hase_dtlhffer ences .. d

i i cat i¥hEYSHeBifOT BRSTATBE At SCEH Chf Uf FESERL GPTBHISIng gwo spaced-
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systemaccording to"Caim8, whereln sald position
i Nfoaiprises @o ledshtvodgmcedvipanrantannagisouplett He a common switching
orientation of said receiver with rcﬁsgect to sai.d ) .
arimeh Nl GroPEYnon GWIRhiss BBt HcBYRIFh Ot Bt gnrmagng it and is
wher i n.. sai i g ' [ [ T,
e e
syjdsaonimg sipmal;tsuchithat an (REans@ovetareceiving sydtpmsitioning signals
conprising an antenna array of at |east twy . .
smauﬁggw both emtemiacHTPIsend Baung &Tﬁ%em@@%&% gsgmator is
and . swi t chi L s Sl ' ' W gTo Ry 11411 SESNIEN,
PN PEALDS 0t AR ARLEL R L Bbisomng
SWigeds, t dxed Phgsealdiffaenesnindidatingtpdseast itfaom@fon of the receiver
antennas, constituting a positioning signal

10; riglsive e St posiioTeot hgMapFoRA&F¥hd returned to the
system th t riSes.: h f kege . . :
R b
t oinaRAsY iefophasen dbblitethe nirtmtdhivinvef said pecdivansithfrebpeet to said
returned positioning signal; the systemfurther
coMpenId BifYa positioning utility coupled to said

phase di fference i-at,Qr onf i ed_t:0 . : .

determi _%yﬁ e%o%cl%gl}d&ﬂngotg ?2%{1%[ %’aﬂ‘&%%ﬁglegmtrde é R {ngormatlon
13 hgicR#el irifeAn&ior Abus Yisd Sakitionlef safd reektvesl for

positioning a receiver, the nethod conprij sing:

pribli di ny. systgserfosdpesiBerjpgl @ signsppRisrhdhGeystea qosaising an

d- k i d
oSBT s BB el RRNT A 2058 & common
Neasidrdiig Alasatdidd e NeRb hRINER MrdWitdise Ghit $8Echfigured to

signal as received by said receiver; and )
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: |

- providing a periodic signal switched between at least two sPa@ed—apart
antennas of known locations coupled to a common generaﬁng and

switching unit;
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- determning position information indicative of the
position of the receiver relative to the |ocation of
said at |least two antennas. 5 13. A nethod accordi ng
to Caim12, wherein said position information

i ncludes information of a surface of a cone onto which
| ocated are the receiver and two of said at |east two
antennas. 14. A nethod accordi ng~to Caim 12, wherein
said position information includes information about

the orientation of 1d receiver wt £ & [0 NI

e o0 LS AL 00 L S8 £ SR o 3PSy 423 hcstved

wher ei @yfsbg,jdq.egﬁ(,&gghg signal includes portions having

a first frequency and portions having a second _

f r equedetermipng positien mafermgtiemhedicatefoldhe pagiion s the receiver

swi tched bhetween. said %% I%iﬁas t WO %?_aced-apart

ant ennagatisiorige 19categ,; P _iaﬁ&?%@”{"e §¥%escri bed in

the ap@\e'}ﬁ%ﬂo& Sicboffifl dbamaas 12, IvherdinPQad t p¥idiy information

met’hod as described ih the appended text and draw ngs.
includes information of a surface of a cone onto which located are the receiver
and two of said at least two antennas.
14, A method according to Claim 12, wherein said position information
includes information about the orientation of said receiver with respect to said
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.

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

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



