A System and Met hod for Positioning a Transponder
FI ELD OF THE I NVENTION This invention relates to
wOnReoTaNBdeh i Nng/ recei vi ng systens and. met hods an@CmaL®06/000861
specifically, to positioning systens and nethods.
BACKGROUND OF THE | NVENTI ON The fol | owi ng pat ent
publications relate to positioning of transponders: US
Pat ent No. 6,876, 326 di scl oses- &-hi gh accuracy search
and tracking systemthat uses a round-trip nessaging
scherme in whitch hhg Meto DforP oditiohidd DY rufspoadei ng
signals is accurately determned to yield the range.
estimates between a target comuni cations device and
one or nore search conmunications devices. Successive
rangi ng estimates are used by a search device to hone
in upon the target device. The physical |ocation
pi npoi nt conmuni cati ons system can be used al one, or
in conbination with other | ocation estimati on systens
that can be used initially, or throughout the search
and tracking process to pinpoint the physical |ocation
RO THETNMENIIONhe search radio(s) transnits
ranging signals to the target radio which responds b
t r angiid trvegtior peiateahyiragssitgnglreceivpgrsystarependmefhods and
the reply ranging.signal, the s arq@ﬁaadlo det er mi nes
mase spagigeakiy P lPé’SFTé‘?IéP% sREemsdPg PPE e he si gnal
propagation time. Errors in TOA estimates can'be

m ni m zed usi n% advanced lelr oceSS| ng techniques, if
BAGHGBOUND OF TEBINENNION 270, 433 di scl oses a

5 and 3&%0&35@%&@?3%@%% AR e gEaRF rehsponders:
I@ﬁd acent{\&%{qié%é%@% d]lsg‘l 5 RQg %Ec&%% s%grcl?a}’ aﬁ@?raclémg system

a ronfrom ea ant enna an

ﬁa&%é%g%uﬁa Wi §n 898 loSschEhe fni Whivh mlegnmes ofirgrival (TOA) of
received at a centraf station and conpared to

rirgfigg sigald isnagrsiogy deermymechicopické diawanss pgimates betWGen a
scanni ng 'of theantennas_to provide an .indicati.on

target m:gm@ﬂcq&@@mcﬂ-%ﬂ%ﬁn%geﬁ %IISQE' SffﬂFs‘?nGpﬁgng@gﬁW%dewces

o SPASHRR AR g R A S SR o oo

1:% g%ﬁ&&@ efl'fé‘ﬁﬁi}ls;@il IQEatﬁ)n&hﬁpbﬂﬁ cobjreaticat§onsyasera can be used

_alone, or in combination with other location estimation systems that can be used

initially, or throughout the search and tracking process to pinpoint the physical

location of the target device. The search radio(s) transmits ranging signals to the

15 target radio which responds by transmitting reply ranging signals. Upon

reception of the reply ranging signal, the search radio determines the range to the

reference radio from the signal propégation time. Errors in TOA estimates canrbe
minimized using advanced processing techniques, if required. v

US Patent No. 6,270,433 discloses a system for locating players on a field

20 including first and second directional scanning antennas located adJacent the field.

A transponder camed by the players detects the rachatlon from each antenna and

transmits timing signals. The timing signals are received at a central station and

compared to reference timing signals synchronlzed with the scannmg ‘of the
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The follow ng patent publications relate to

positioning systens and nethods and are not limted to
woasiTioiswsd ng of a transponder: US Patent No. 3p@8ALD2&000861

di scl oses a phase conpari son radi o navigati on system

in which a prine transmtting station and one or nore

secondary transmtting stati ons I adi at e phase-| ocked

signals of the sane frequency in a tine-shared

sequence. Phase || qocki.ng at. the secondary station or
angaraes snPro§depndpdicgtipl afdha gnguias Oﬁh%’fts%ac Blayer from the

h.f i R e
scignget e Ui Bl B SrORL ACRLAGEHTE Wty PAEY o ot then be

] iaal Sinadisd Necata tienpasinbh bf tthslapivasebjeeryauyh as a
Cog@é'? gltq%er:%; us Patnent No. 4,975,710 di scl oses net hods,

badll. gori thns and apparatus for Direction of Arrival

(DOA) neasurenent/ conput ati on based an | ong- basel i ng,
bk o e e aratpeh PBL @I ASHIR bt BOSTERIJE ANgt and

-,.conputi n ray process I [ .
G568 R L EE R SRR, 008 Eigncer s, et No
i §akik YoM ADhIGHIRUS B LI SR iraficohiatibeticosysterfint hich a
3,%%?2&156&“ gg% for cr)egol ving the cygl ic anbiguities .
prifie! Ragsnhisked istetionpasle-odef brermarse speindadarrammpitiing stations
interferometers, and for steeri.ng the conput at ihonsdto
radinge phaselacked signaln @f SBE e &reflency 1 a time-shared sequence.

conput.ati on-i nt ensi.y LI r is r
PRENBY B BRI TR A o SRS i B i Ife & gommon
boich L 56} 05@8naM Shess FRhayN@sdilabi an the receiving
pﬂs%(%gtcem grz%%ﬁgjog%ati on, W [ cg may be cglyt her an )
préjigisigrangand &adonkingubh sasondaRy signads geibsianterdiar withitbe phase
finder. A circular array of antenna el enents has a
mﬁﬁmﬂya’ﬁ@lﬂﬁ'@émsnt whi ch includes sw tched progranmm ng

o RS0 3T s B Bl ppgecs

DgPee{i& NG AE (BURY SBehutSaESy mputhtiopdidled i @nidi-baseline,
etween the ground Station and a renote station, )
plakeatitfepenca) paired-anfanaedenitoniddyPanémn WYA-computing array

6,573,865 and 5,084, 709 di scl ghse a multi- egﬁ]nth d di
practesing adgarghess wnecaicallys methods e @L&ﬂfﬁ SaRgped on direct,

trangm ssi qn of radio_wave r.directi imadi ng, :
eSO ok e A ARBLET  SE IDP 08 g
rRUFROSeRe bclic 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.

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

adverse effects of multipath signals between the ground station and a remote

station, aboard an aircraft for example.
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particular, it relates to arrangenents of nultiple

ant ennas whereby the direction of propagation (arrival
wonrod@paeh ure) of a wavefront is determ ned fr®earar2006/000861

conbi nation of the anplitudes of phasor (or total

i ndi vi dual antenna output) differences between pairs

of antennas, said arrangenents 3be| ng along certain

georretri cal patterns, such as a circle, an ellipse, a

e DS ust Wimnst b Bt v o RSBk Bl i-clefheit antenna
ch%‘é%ﬁrnz%gysg%gge E{?'%ﬁ\ldl SCFdean@ﬁﬂerl Q8 @Y %vavté’g’ for direction-

oses a ra IO navi g

fn%ﬁ%erﬁew"' b4t NEH USES @mittdrstandadr r@éerf/d:rxedcatlon purposes In
traismtting stations, a second pair of fixed

partieuiani nttreh@ssmaarrmn‘cﬂm(ﬂs af m@tme snignham whersbyniisi disection

station includes, a receiver_ hayvi
ofGeremAEgoR A 1 Sr oienaritin o pyBeseih. 5 arghed from a

cdfof L RS GRp ST g PP ot SAOMIADIEaER cupus

dlgﬁfeﬂ&ﬁ'%tﬁ@e@ pH@S0BE asitcpab, baldi s@bngegna@fts tH%:@ng alor_lg certain
ference in the distances between ttﬁe nmobi | e station

gemieteiaehpatierhd) susk asadipdé raméllipss.cpelygonors OP@mmiﬁll}g@t line,
nmeans are provided fo ({‘ addjng the first a
t

cIS: gl 8t I8 Sfo%eaﬁoﬁ‘vﬁst PRESSTORSTS TS B2FS JangianeyFigpeth of
' h the nobile stat
thfegg%\lflg aa@%%v)ghl C e nmobile station is

erence nmeans are provided for

SUbtUSCPhﬂéﬁt 6. afog e T idistloserd aseadiodnavigaabs dysem which
the other to obtain a fourth signal indicative of a

inshaiesda | firse jodir pcofsrfnaedntransmmlog staonbbh| scoondt p@m pg fixed
| ocated. There i

t t
trw@m&ﬁ@nﬁa@ AB RAbS FIAGIRe. (e PoeRt SBRPRgbtHdE Adeceiver

e n
nh GBS TG Bl b RSP ERRAP AR R0GE AN BfAence in the
déﬁéﬁbsﬁb@ﬂvemmﬁowne ghutioanad cheh ofshd firftapaledf fEteelr @ations
Is a further need in the art for a positioning system
archpaiond méansr foviddtinipngipdetand sigpalbindimatizetdidhe ditference in the

50-100Hz. - A - SUWARY OF . THE | NVE Accor di
digtraceshsavaehthermpRee | atdon | aw eam cg\' the a?%fﬁiélr of fixed

ste‘%St ergaf Sf @g?%g%'{lg ﬁi;lenglg)%#(géfo(frpﬂlﬂﬁ% 'th'.it Rfst ¥t &bnd 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.

There is a need in the art for a positioning system and method that allows
the positioning of an object equipped with a transponder and one antenna. There
is also a need in the art for a positioning system and method which cannot be
easily jammed. There is a further need in the art for a positioning system capable

of providing update rate of more than 50-100Hz.
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two spaced-apart antennas coupled to a conmon

generating and switching unit, said generating and
wewnd7ohsasy unit i s configured for generating aPOEMLIO6/@0861

signal and switching the signal between said at |east

two antennas, constituting a positioning signa

transmtted to the transpondery the system conprises a

receiver for receiving a returned signal and a phase

differenc o d to the receiver and
SﬁmﬂQﬂzéig‘sggﬁ§§£ﬂ$§&§ﬁ§§@ i fferences between portions

of the returned signal; the _systemfurther conprising

a pdséadrdinienty end ¢mbgdigwmb mag@ reatignp s ISIPHOM gystem

esti.mator and confjquped to determn it
for RS EPBE HABRE P Toeo0 R RRTRETTY ARG T2y Bk O at least
CEOLA5 0% 1O ' | gupeRtitdNand Bitching unit,
RS RO RSP alrkhep PreRkiBTand piching un
saidngéntgesng ehdrswindiih®nnitfis thafigniehfat gameraing deeriodic signal
transponder relative to the: positioning system .
andcewitdhing tlee sienahchetwnpo diandit, loaple tot BRiETAGY | eAnsHfuting a

the position of t rapsponder jnc ' ' .
b rRas kil odh 4 CIRE SRR AL bR b v
foP 284 dil Rl %gﬁe?ﬂriteﬂrgioﬁﬂ%%‘a Q?ha_@d{fféréﬁc@éstﬁhﬁto‘faﬂ_oh led to the
conpari Son between the positioning signal transmtfted
refdtvéhendyspeabhndo trheastirg palase etiffiermmbebybetiveen portions of the
transponder. According to yet another enbodi mani1i of
retureed signali e sywemdBitheri Gempaansia PRaltiosEls pEHtpcoupled to

t t der includes .det j ' . . of
satA:] ghgq[egagtg%gla&[ elﬁtgt?%{élr \e/azldt cgo }éﬂrg%tst%) ?C#%B%IHEIQ S})}é %@%ﬁm‘ﬁ of the
tre?%ﬁ?ﬁd@xnrelzﬁf\}%rtgacg% gtﬁsi{ﬁﬁﬁﬁiglﬁﬁgitgrﬁpm a source external

e system a e range of the transponder
| af i t h t.em. A ' yet .
ermb AP 1o PRE THRIPER O (e EpiEL AN B8P ingtiopgof the
pdsttidd e ﬁﬁqftfa%gﬁﬁﬂierbﬁﬁ%ﬁfﬁe?”dét@ﬁnﬁﬁﬁ%ﬁ”bﬂQhé OftiéHtatidre of the

position of t transponder, to transmt the
tréfspoafandaslapasi té onhe epasicidning osysieinon Awogding to another
navi gation instructions). According to_ another

erebaddiensnthofdateraningtient olihe HRIEIR ¢ Sig dEansRORE dpludes
N e T e
bR & ?(?%r g]ﬁn’fé o?tAh‘?@zﬁé aCIOi ﬁﬁ@ﬁegemﬁtm@nﬁ@ii?@ﬁng signal -

couple common gene g and switching unit,
tréinttee e Blel fgtendnd the signal returned by the transponder. According:

to yet another embodiment of the invention, the determination of the position of
the transponder includes determination of the range of the transponder relative to
the positioning system, based on information received from a source external to
the system, about the range of the transponder relative to the system. According
to yet another embodiment of the invention, the positioning system is further
configured, based on the determination of the position of the transponder, to
transmit the transponder position related information (e.g. mnavigation

il

instructions).

According to another embodiment of the invention there is provided a

system for determining the orientation of a transponder relative to the system, the
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switching unit is configured for generating a periodic

signal and switching the signal between said at |east
wowem7ansemnnas, constituting a positioning signaCT/IL2006/000861

transmtted to the transponder; the system conprises a

receiver for receiving a returned signal and a phase

di fference estimator coupled t9.the receiver and

operabl e to neasure phase differences between portions

of the returned signal; t u e Sl
SYsheBo SPEPORE 2t i ac%%%? e(%fy tSé 16 elgg%d %Eaé%%%g r§t|e %gté:nnas
co@ﬁé{i Rt or caﬁﬂn&gngé&faﬁﬁg thdekatdbine dilg esidentatiatng and
he transponder relative to the position of the
swRYEine Minif¢s evafingrddofanganeeatibquiirioelie signal wed switching the
invention, there is provided a nmethod for positi

oning .
Signalt afmsprnaeid. At hisanb WO CARSHIIS SHUYBIRePa PR OInE signal
periodi c signal and swtchi i 9di.G.Si .
trof g CatPea e dsr o Sgrei EPERERt] ddeEebB it rocejving o
re H{eﬂnﬁgﬁapfangné’gﬂﬁalsé’c‘(ﬁffe%ﬂég CRUMREr cBupledot@le receiver and
generating and swtching unit; transmtting the signal
opt@bld® hicasspophisse diffbremmsibatwgem poetionmned th¢ getarned signal;

based on neasurenents of phase differences he en .
thep aiystieon sfusther heomprisiiged SPFHAMINL SHRIHi ﬁPVnge%i\QﬁQ said phase

.arientation of the transpond [ k t
iR by VYT ngos nEORRE Bt nbt LBR B %, AR RATRERE the
' j ; Sl oni ng system BRI EF
tr%%ﬁ?#lﬁlv%g&#%g%%%?ﬁ%ﬁ@order to understand the
i pvent.ion and to see ;how i e: i ed Is :
PRACRFEE S hrE EROSHRRRCE U i REoRe Bk, i prgyided 2
Yo d¥iti iRz 4 Fhdpdd dex e tod somptisingt ef er ence
m %O?ﬁ@‘%c%fé%%%g%ydi%ﬁ%?gw ngs, in whi c:nﬁl:mFi § lis a
schenmineratidy ageratdionignl ang iswitdhing thapenpdisciignal between
a positioning systemaccording to an qe_rrbo i ment of tfhﬁnown

i nveran GRLGENG. aprays OAndt st i THQ SPRERG-BRATG T apifRnas o
posi tioning system accordin - k af:..t he
i nveanF%i‘Pr% tle;cﬂ}q:? aqmir}orggénoeré&?g mggf'lt@ﬁﬂltg l&ﬁlt,
- transmitting the signal to the transponder and receiving a returned

signal;
- based on measurements of phase differences between portions of the
' returned signal, determining the orientation of the transponder relative to
the system,
thereby allowing the determination of the position of the receiver relative to

the positioning system.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention. and to see how it may be carried out
in practice, specific embodiments will now be deséribed, 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. 3 is asinplified architecture of a positioning
system accordi ng to anot her enbodi nent of the

wonvermiswen; Figs. 4a-4c schematical ly ill ustraPer/1L2006/000861
antenna array configurations according to various
enbodi nents of the invention; Fig. 5is a flow chart
showi ng a sequence of operatioggps carried out by a
receiver receiving a positioning signal transmtted in

i Sl L ER

. ' SRbogisent of the invention;
er@%&ﬁ{%ﬁ?gfg{egp{g%&ﬁ(& %g{;br am sﬁ%%?ﬁg a positioning system
accarigi Boist ® senpliget adtheadtuef of hepositieninigosy stemdadeiogding to
8 is a flow chart showi ng a sequence of operations
ano#hariestb alimeniofthgdaventiniisng syst em according to an

ggté llgge %@@%%@ﬁ%aﬁe%ﬁ% gocn%li %éﬁ@lngccording

o3BG dabhHsds" thg%vcgnﬁ%nsi nplified architecture of
ap ' tem 7

ositroning Sys according to an enbodi nent of
t he Figy8niki0flow! blearp §BbiGN b gqaysteeod bferatiohsidesial out by a
base station 110 of a known position, having an array,
reofivemaesyaingd 2apastioring Anewilt transmiteas 10 12¢poxdapopaavith one

and_a co n generating and swtching unit 140 coupled
ef{ﬂéo‘ilﬁ@nég?g'}ﬁfgé@n@@t em 10 further conprises a receive

ant ; b pRASY HijdsRIAARE s§stehiME@rding to

145. 'gﬁlﬁsﬁgg?gd%ﬁ@sb trrans?nc'%]ts a posi?igni ng s

arSé@Badindsnt oftiieihveatione received at a certain | ocal
zone Z. An object 100 of_ an_ unknown position (a ground
pl atFigr Misra bﬂ@ick diagram fhoWip & Positioayng éﬁﬂ?@p%%ﬁ% to one
ag RF rec%i ver/transmtier(transponder) and one

erRRp &R O d1e WNGHHOR g. 1), receives signal TS and

retups o & { glogn @haﬁ%o@%&% Heseﬁaéﬁcesbﬁbb%tﬂaﬂ@,car%eéi out by a

t hr ough recei've antenna The returned signal
pESHibniAs sgﬁéﬁfmbk@mg&btmtemﬂmiinﬁnabfﬂm invsitioon of the
object "100 with respect to the base station 140. The

returned signal is analyzed for.,the

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE
INVENTION

Fig. 1 is a schematic illustration of a simplified architecture of a
positioning system 10 according to an embodiment of the invention. The
positioning system 10 includes a base station 110 of a known position, having an
array of two spaced-apart RF transmit antennas 120 and 130, and a common
generating and switching unit 140 coupled to the antennas. System 10 further
comprises a receive antenna 125 and a time and phase diffsarencca‘ estimator 145.
System 10 radiates (transmits) a positioning signal TS, which can be recéived at
a certain local zone Z. An object 160 of an unknown position (a ground platform

in this non-limiting example), equipped with an RF receiver/transmitter
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pur pose of positioning the transponder. Al so shown in

Fig. 1 is another object 102 (another ground vehicle)
wonrer@ibieng Wit hi n zone Z, receiving positioni RGTEALNEO00861

TS from base station 140 and returning a signal that

carries information about the position of vehicle 102.

Positioning Signal TS is a peryaqdic signal (e.g. a

| GHz sinusoidal signal) generated by unit 140 and

crpbaeted: BELIBS SRRl SR b MRl B 5
retﬁﬂ{se{fr@io:hapli@git‘éﬂhélﬂa% Ry MO hhsheatecebrd i@Bsna 125. The
emtted Dy an

enna 130 (see discussion belowreferring
rethehdd GEnabRB) carFlee infdruraien sbariahe RSlataerpasition of the object
i nformati on about the orientation and ({ah,e rfangi nag of
100 heitbbpspsct 10the baset stotéon d4Phdhpagarnedipiesal 1R T the
time apd phase djfference.estiqmataer fo i i :
Durp g h By RN B B BrPOReT deBrvai il hETe- (b oBRLE? Seject
t APy e t hpitpiesendiZ,f ERpags Hosition
1026%\@}\1é>§§]'erp%rro?1§lgng&g$ %?ﬁkeiﬁg?%u olni ng signal em tt%dﬁ 0bs31/ 1onfng
si oAl arE &fon 2As@Rehtibd0146 anéaeturathgby sigmal dhjtecrrie® Gnformation

hase differences detected at one point within zone Z
aboet the, pdsitiobpleehiagled)02di ffer from those detected-at

anot her . pai nt..(e. .by obj ect .10 n : : :
e WStiehe Sabfaes 0t RBRRE) MR 200 1684 SHRRRG Sena
geg&fa?@& %Rnl?[ﬁt 48 ﬁfps%?ghed%bﬂﬂeéd ARteAns 1202581 antenna 130. In
rfference estimator for estinmating the tinme del ay
otiket Weeds, tsiendl rE® dntluties siingh plorfiGnsaanhitté¢re by etnieme 120 which
signal RS, the base station is able to, determ pne the

altenmeges _twith Istgnab jp@'tionsrﬁ@nttgd, @btangﬁﬁm@hg(b,(ge ,ahscussrion below
relsgigHpioat 1esd T - oF BLrERTae] SRR U dnfostiegion oot the
oyl Bt 0 Ao oot st U
th&tighe #nd phaeadifferdice setitredorafontebimating ikt fiztjiencyodnd hease of
posi tioning system 10, showi ng the geonetri cal )
thelirsgeised ismabfthe fraspotitionoisia €~$9§§1ématﬁp6}%tﬂil¢$g c_iliﬁferences 0
bergoch GOREH W {1 AOSHARIE FHRE LG HIhEY GPISIHAAROreid 130 as
b B o RSB R0 R i zone 2
(eRPr bl YbFed MDY GHFTBY fiM @K detected at another point (e.g., by object
102), and correspond to the geometrical disposition of the receiver relative to
antennas 120 and 130. Using time and phase difference estimator for estimating
the time delay between the transmitted signal TS and the returned signal RS, the
base station is able to determine the range to the object.

The concept of the present invention, according to certain embodiments,
will now be explained in greater detail with reference to Figs. 2-3 and Figs. 4a-
4¢, in which the same ellements are marked by the same reference numbers.
Reverting now to Fig. 2, there is presented another illustration of the positioning
system 10, shoWing the geometrical disposition of the | pesitioning system
operating in zone Z (zone Z is not shown in Fig. 2) and an object 100 located

within zone Z.
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130, that travel a distance R2. By neasuring f and f,

DR coul d be determ ned using the foll ow ng known
woebetoismwg (1) and (2): (I) 2pN + f 2pfDt (2) PRrAL™DE/000861

therefore, (3) DR = c(2pN + f)/2pf wherein: f is the

frequency of signal TS; f is the phase difference

bet ween portions of the positigning signal transmtted

by antennas 120 and 130, as detected at point 100 (see

| Fig. .3 d. t. | : [ '
Rt obh SpuTa RO S RS Bl ere Yl BF bl a st
G5 P RSC G S0yt SYLOec 2 eng 4 ik aptasema

130 A akBr aetsthhee Rper ation of the phase difference
estimator, and is a predefined and known paraneter, is

not Bypcinedsating fr ahditg,0AR( icppld Mei detgrminadegeing the following
i ndi cating the nunber of cycles of signal TS al ong DR
knaver relpviphs ciiapd @he di scussion relating to Fig., 2
Wil | nti nue_bhas on the assunption that N is known.
The Q%T%ﬁt?—?nfﬁgl s discussed further below, with
refe@e}r@gzt@AFi g. 5); and c is the speed of light. As
t he di'stance bet ween ant ennas 120 and 130 i s known,
and @gpdfld)g that N is also known (solving of the
anbiguity relating to Nis discussed below wth
r ef eEgnide =t @2RkINg+ ¢B)2nfit i s now possible to calcul ate

spatial angle a, as follows: (4) cosa = ARfR3Thus, by
measwherggnpar ameters f and f which characterized a

S| 9ng {s t-lrles frequency of signal T'S;

@ is the phase difference between portions of the positioning signal
transmitted by antennas 120 and 130, as detected at point 100 (see also Fig. 3 and
text below);

| At is the time delay between portions of the positioning signal emitted by
the spaced—apért antennas 120 and 130, as’received at point 100 (note that for
simplicity, a delay D that characterized the operation of the phase difference
estimator, and is a predefined and known parameter, is not included in relation
(1): |

N is an integer indicating the number of cycles of signal TS along AR (for
simplicity, the discussion relating to Fig. 2 will continue based on the assumption
that N is known. The ambiguity of N is discussed further below, with reference
to Fig. 5); 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 N is discussed below
with reference to Fig. 5), it is now possible to calculaté spatial anglé o, as
follows:

(4) cosa. = AR/R;
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transmtted fromknown points (points 120 and 130) in
a switched manner as descri bed above, as received at
wanourusen point (e.g. point 100 shown in Fi gBCTALANE000861
2), a surface CS is defined, which is the surface of a
cone generated by angle a, onto which points 100, 120
and 130 are | ocated. This provides information
indicating the orientation of point 100 relative to
points 120 and 130. The orientation o oi nt. 100 .
r el hugeby oNPASUFDS NFBMEHAS T30cH uWBlOE‘e_a%PéP“etFﬂ??\%& signal TS
usi n ditional information,~g. Q.1 E At |
Lo KO merracbar oA B i S L R pSched mapner as
| Shed3 AR AaPLOIERSV $Dikev) foiit 580 biowhen Figs.
de%:cllrgqeg %k%oqz{ehtgééﬁr%eg?%érret ry (incl ud?fr?g, rrb\lngtq not limted to
1 4RE2)SE soffatd € Sags defnedy rwhiehsinrtbd suefaghtofod cpoe generated by

100). Turning nowto Fig. 3, there is illustrated the
angkomet i ovispbspoinen 100, alHbiamd 180 et dpreieds dhis provides

b S T SR 100,00l AR NgEba 130
t hird.ant 1 - i .
15 A TR S B B 3R B etmined

uSE’x | SdgeRenRtshrRAations oMaTdrmation lethand swiat taeder detailed
ween the three spacedapart antennas 120, 130 and

beld0. with refdremcenty &sg. 3.her powindtini pEPcsiyrrRsl kneyvn per-se in the
i ncl udes signal portions. that

re..alternately
il S taam YGRS b3 ot JEuy 1§ 3B8 5 of g aapmed or
sim| Al . scri bed above with reference to
mﬁs&e@elgﬁ%@&@%oggati al angles, 1 and a2 are
det eryFhadno®t b Fio. dBtthers Betluviratedrths promdtdc alispesitéon of a
120, 130 and 100; and Ct2 is determ ned with respect, 4
pdint 400 eelative 120, poSliopingesysteraracentdnady anndharogmbodiment of

the GOS0 WHSHE SHHED b BRCISS N SCS00 (L1 OGRS 130, located
- ted 2 i . . .
S G S B g e

T LodrhRaty GelcanmhobSail MEasEstvitthed beanterthbehree spaced-
and"the intérsection line represents the pointing .
apeeChoeniyé (26 #4306 aridohF0.betlnerthenmtadnathezpostigningesignal TS

inmsr@%gbgﬁtg}}g%ha%%e? fg%atgﬁfrtggﬂsrrgﬁeg%%’sgﬂtleﬁ]&s 120, 130 and

150.

In a manner similar to the one described above with reference to Figs. 1
and 2, two spatial angles, a4 and o, are determined: ay is determined with respect
to antennas 120, 130 and 100; and o is determined with respect to antennas 120,
150 (the other anterna) and 100. Consequently, two Surfaces, CS; (representing
the surface of a cone onto which points 100, 120 and 130 are located) and C82
(representing the surface of a cone 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 (orientation) between antenna 120 and the
unknown point 100. In other words, by measuring pérameters f and ¢ of the

returned signal, which indicate the phase differences between portions of the
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returned signal, which indicate the phase differences

bet ween portions of thepositioning signal as received
woyod7hve3asy ansponder, the orientation of the traasppd€000861

could be determ ned. To summarize the di scussion above

relating to Figs. 2-3: the positioning signal TS,

transmtted by the base statiqp 140 (sw tched between

antennas 120 and 130), as picked up at point 100,

carrjes information. ahout the di ' |
POSIEPRING, 1§ t Ao fﬁﬁ%}é/egt B, B ‘?ﬁﬁgsg’@%‘a%oﬁes Rl ".“%‘81? o the

to r LtiQAi ng signal (signal RS) to the
ﬁaggéog%tgfgﬁlgn%a%%@?% ore the position information

car Mgeshivasbgmied dRSubsion avose atlatibgeot Bigsh@-Ydbe positioning

station, allowing it to determ ne the orientation of
sighbb B8] boasmisiedtliy éa heseetiation A 40 @eitched GefppeT gniennas 120

upli ok/ downl i_.nk sj gnal | ysi.s, - ' ot h
and 1608 nPRFRHR A PORH A toi T FEOTRRFY ReGuf fye direction of
Cof -0 BB Ofbj¥tr 100k TorBigRrdd & eaen th
po f %;(fir@gﬁ,gr%ﬂ%?g%n%\%ﬁ%e%é@tlhe rlange §f poi nt . ©
podPniR) 8idnke (signahRPpse the sbdsenstetioh darse thiwefrei hedposition
by conmparing signal TS to signal RS. E . 4a-4c ..
informetran icemidd/by sigmel R i W@Nﬁaa@ﬁ’ﬁa;ﬁhg g}ﬁ?? §igtiap; piiewing it
according to various odi nent t L OV [.On. : .
to FieETHe o SRR 9t AN Gl bt eats Beldnll b o ippiity
¢ i e i fhaveen BiveBht 08 than signal
UP %@&1@&%‘%&5&9&%@%@ 1_%?261 gﬁthél‘;]vga array .400q1_é%ncyrvi ggsSIgna
TS 04 SiBea sy, aRantdihs a0 IO A/RHOSN (Hsne ¢hamevgl/ Aimnehliffsrence of

120 and 130, shown in Fig. 2). Antennags 120 and 1%0 .
Amivelcoathiods knowa rearmien thesTaggs| of gowel Hi thyggto the base station

switching unit 140. Unit 140 r periodic
cog{yha e@%ﬁ&e@ys?%?ﬁ%ﬁl%ﬁabﬂgﬂ? Sg%ngﬁgﬁ ‘tches the
si gngle DRL ; 13 arfiec AT aRBASnPI@ording
cou[)ﬁesd %owfgéehegl\?\n&?{:@%ﬁléﬁéﬁ??r@m viaz;lr 2gﬁ%st a%{ti alrlly orem
tol G8MHusCahbbeieskrts ngstheniventibat Fignda dehtinaticaliyelustrates an

l'ines could al so be used, with appropriate msansﬁilor )
ant@npeasay 400 etqg‘prdmgs’f@qﬁ)@n@mh@d t ofs theninvisgilopustrated in

gt breb oy 1D e eSS B S] A GHEY emenmes.
AP ST AREYF DDA e st PR 120 s, 30
cdupidd Go eomhhenssizanl tdeaetitingr andaswisching this 140. Unit 140
generates a periodic signal (e.g. a sinusoidal signal) and switches the signal
between antennas 120 and 130. The antennas are coupled to the switching unit
140 via substantially identical feed lines (note that non-identical feed lines could
also be used, with appropriate means for compensation for consequent delays),
such that the output of unit 140 feeds the antennas in a switched manner, thereby
giving rise to a positioning signal which includes portions of signal transmitted
alternately from the antennas. |

The configuration shown in Fig. 4a allows for the: 'deterr'nination; of the
orientation of point 100 relative to the positioning system in two dimensions

only. This is most suitable for planar- applications (e.g. when object 100, shown

in Fig. 1, travels a substantially planar path). If the altitude of object 100 is
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orientation of point 100 relative to the positioning

systemin two dinensions only. This is nost suitable
wobano7phzear applications (e.g. when object 100PCThD206/000861

in Fig. I 5 travels a substantially planar path). If

the altitude of object 100 isknown. e.g. using other

devices (e.g. an altineter), _then its

t hree- di nensi onal orientation could be defined in a

manner known perse using the def.erm i.an.. of es; .
kn@wpn€igh ¢ sie P@’rer F‘%‘%‘é‘?s\/\gee%‘ iy eﬁé} et?%r E?{r%eglngg éﬁegn%glensmnal

120, bo ! g | hBdki - tifingMBe determination
OﬂF%@ngﬂé%mo}% b?ﬁlg laegi%)r%e% g%n%teﬂgg?%”’ioo. An Snt enna o
of id gbﬁnﬁﬁg \REERIPVEtivecatied bertfornbend astennefl20hghown n Fig.

invention is shown in Fig. 4b. Array 410, conprises
2),tihrceentamatemmaih the osadings efidhe BT PRHY 1upl ed to

a comon generating and switchi uni 8. s

conﬁlg%ﬁtﬁmilaoﬁrﬁ%l‘%& é‘gc?rélsn?gwto @Pﬁg@i %é?&g]?er%tﬁgtﬁe mvention 18

| nventd.on,sh Ay | dn@ws, 1215 130 and 150 which
Sh%‘g{léprﬁlga%ﬁo%}o%y ﬂozb%}lp gﬁ?ﬂﬁrgﬁ agl% n;ﬁhe obj ect o " Tc
ard BOIHIEE B aVREH@bn DénetAtitdhied soiitching wms 148ndhireconfiguration

antenna array 420 according to yet another enbodiment h
relafest toethenaebodiorent iaf’ thel wyentier dbpworig Fig S, gogws the

conpri ses four antenpas 0 30 , .
detEREIP 6 A1t TR aRCr atin g hrh LR G P V24l three
d.The .antenna array 420 is arranged in a tetrahedron
UPEPHPM n whi ch ant ennas 120, 130 and 150 are | ocated

ont o\ f BerSAifeniA Afey 420! asobweling td 3@t ianother arelodiment of the
outside that plane. Note that the thr,ee-gi nmensi onal 30
ineemtamg ésridhistrafedt meFiga denfarasr4 24y campress ayg antennas (120, 130,

directivity and shape of Zone Z (.the el
150085 19nioBehdp & sogumon e ieafe rldhute i 108, The
et 1y, ks §u i R |t ihi wBichadht&ii8MM0, 130
a 35%%%{@) gsf gg&?‘%&t&r g’h%éertg&gie?g@m?&?%elﬁr\&ﬁl t ant .
a0 hR@NbBAe8 VBt e Md Sarfiel pddra) tandlanyermani Fdisrlecttiedrmaltside that

te that the discussion above relating.to Figs. 4a-4c

plimgs USete fhat tieetimee-ehmansionaly arrepgemenis pf §i5 aRlenpg array affect

recei ving the returned signal, another . i
thelcaresiy It 250 ShEnOf RoPF gL CBF 2960110 BEchalr Sar Bgniag siggel TS

Npedrated i bh S figt Bebdhnl mAReMESG.c. an
C%ﬁﬁgﬁﬁvﬁ@o\}t& \?ﬁ%%‘?@f _ G Flg. 2 Tor o % .
angéﬂH)J hﬁhﬂ%@m&ﬁ {0k S6t#8isdR0n AoevP thit desudtant pobuidaing system 1s

I'scussi on regarding the anbi gul tX_ relating to the )

substantially omni-directional. Note that the discussion above relating to Figs.
4a-4c focuses in the antenna array for transmission. For receiving the returned
signal, another antenna (e.g. element 125 shown in Fig. 1) could be dedicated, or
be integrated with at least one of the transmit antennas.

As noted above with reference to Fig. 2, for simplicity, the discussion
above did not include discussion regarding the ambiguity relating to the
determination of parameter N, indicating the integer number of cycles of signal
TS along AR. There are known in the art, several methods for solv}ng the
ambiguity of N and the invention is not limited to any one of them. According to
an embodiment of the invention, the ambiguity of N is solved in the following

manner, discussed with reference to Figs. 5 and 6 together with Fig. 2:
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determ nation of parameter N, indicating the integer

nunmber of cycles of signal TS along DR There are
waenovidoeot he art, several nethods for sol vi ngPCHEL2006/000861

ambiguity of N and the invention is not limted to any

one of them According to an enbodi nent of the

i nvention, the anbiguity of N4{-s_solved in the

foll owi ng manner, discussed w reference to Figs. 5

and _6 together with Fig,, 2:1n _.order to r -

©he Tncuieh bneRtTognaY. s RRSIPRER sieel g b sienal

aving a fi st fr o f4 apd §i@nelpRabhs ORs/iRavA Nbcond
pogtl%tgcgtﬁgmgr (Eelq{%gntcy,- gﬁgyl'h%’ gtl?lgnaic’ porl%i ons havi n% t he

frdfuBAGE TEYTie ﬁgﬁﬁ?ﬁéﬁﬂdﬂéh@dfi@tﬂwﬁequm £ rirt sedtchgd detween,
the dnténnas at the antenna arr ay (two antennas_120 .
andnhifid@ biyralt the aexenmplsat doartenna pirgy (Do agienpey 12¢,gnd 130 in

t hose having the fre ncy f2.. Therefore, .a fjirs
thp e {T60EhdE EES1 Jeort cERbnt Mot L e freauency £

TRl RSSO S P it ey 6 o
o GE8R Pl s L G SRR PO IR stk Rk b B scould be

méf«%hhé?i""m BRRehce HERéaNtkesetéctad datiksasos @hdopeib used for
such that N1 and N2, indicating the integer nunber of
detatedinmeON, i9ithodbliFsimi oragnBR, will follow the

relation: (5 N = N2 + wher ei i, an_integer,. .

hav iETqullfangSaﬁu a8d tfp P asqll‘i”qu?‘f éb‘cg é“FatoikJ ly 3’?‘% g\i g ?ig_dbc_atmg the
1,02, .. For exa Lf f ] =l .
infégen ek BvgRo b R B Al e %%%e@pﬁg‘{}%gﬁﬁia%ﬂ

I mi sety of 1.V : Soek hatri vhiiRteg frhiata kmited

>0 (lgfg}l <i\{‘22+ kﬁgjg%?ﬁpnlglsg%n Fﬁggel%n}%)a\%nu%r }aal%gti on (fg) 2a le °

+ f " 2p§iD¥f vameeste.dilviodingy (6) (2pNi + cpi)/ (2pN2 +

f2) 2pfiDt/2pf2Dt and foll owi ng sinple arithnetic
pr odextuemsplyLif Ife | GElzddebmil rigﬂllagﬁef{ kyweagldidyaver  wajue from

% £2£2)/2p(f.2-fi fiki(f 2-fi i | at 7 .
LN IR ot S L8 8 <

t oge Qc?orérdggttg thg%ngr engl?efl%;b%dq\]lﬁ@?%* ger{% tegd.met of values

for ermned as the
opt iﬂRl'bf?i!v’iﬂihg.n of relation (7) (e.g. when the
m ni mum-of a
(6) (ZTCNl + (Pl)/ (27'CN2 + (92) =‘27tf1At/27cf2At
and following simple arithmetic procedures, Ny(k) is determined as:
(7) Ny(k) = (f191 + H@2)2m(f-f1) + fik/(H-f1)

Using relation (7) with the measured values of f, £, ¢; and ¢, together

" with the predefined and limited set of values for k (e.g. k =1, 2 or 3), Nj 18

determined as the optimal solution of relation (7) (e.g. when the minimum of a
truncN; or (1 — truncN;) is achieved). In other words, in order to solve the
ambiguity of N, the periodic signal includes two frequencies of a predefined
difference (e.g. IMHz); the predefined difference gives rise to a limited set of
values for k, and therefore the value of N could easily be 'determined by

measuring parameters f and ¢ of signal portions of both frequencies (that is, fj,

£5, @ and @y).
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truncNi or (1 - truncNi) is achieved). In other

words, in order to solve the anbiguity of N, the
weoeni7mdsos9 si gnal i ncludes two frequenci es of aPCT/IL2006/000861

predefined difference (e.g. I MHz); the predefined

difference gives rise to a limted set of values for

k, and therefore the val ue of -N3could easily be

" det erm ned by neasuring paraneters f and f of signa

port F%P%Fgf ﬁg&, eﬁh@ﬁée bf’ &rhtiond 300 Q:er%ed out for

and hart™ show n a sequence o

t}iho@étéﬁm‘ﬂﬁﬁoﬁg@péﬁinﬁéteﬂwm for the determnation of
paranmeter N. In operation 510: receive neasured

par afebperatibn 520: fécearaimeasurka popeneieisof, 52@1 apd oei de
a set of values for paranmeter k. for exanp fould
be plwpar@éuomi%ﬂ aer‘élfd@r%ﬁ%feOE ¥nes 5(&:%4@{4?@6&16 example, k

fference

d f 0
ofr 5} ERBAeSE RERE Bretsi®led Bl pdhorgletie pfclMifgnoe between £
aﬂ?lfﬁlﬁéﬁl fér #NB0RIF lddfreRacat ihe %65 8Pvakkeg félek 1ﬁf:lu‘d%b lJP.'I‘J'E‘évalue:s

Y 'I's determ ned, usmg relation (7) above
lthandéb; ous val ues of k provi ded at operation 520 In
operation 540, _ the optiml Ni( is selected, and In

oper In operation, 530 dhe é”leb ef é’éhﬁs (qfcl)llﬁk% iy delermined usdng relation

ar,anet N.. Fol | e_aho e r egar di ng
B HPh G PR SRR B 200t od ¢ hat
the P;?%%&ﬂa%h@@ﬂs'tﬁé‘%guﬁﬁl@il(l@) iSGURERY, ahgve W th
reference to Figs c, may include signal
por t imopetativn B5§0atifa sed¢ctéd 2gydorns yletbﬁ:h,mmws pargrmﬂter N.
portions having a second, frequenc f2. A schemaé
i |1 uSpHawieh ths aboyodeaartiongres thesdgEngicmes P@almeterN

AP Ak %:se%;s?gﬁsgﬁmd'
f i8NS ng\éb r193t£}€d frenienay I%éhﬁreesﬁwal ?)Bﬁt‘i‘oﬁ?seh‘é@ﬁfg a first

emtted by all the antenhas at th enna array,

ﬁ&qw@dy fﬁSanﬂhSlgﬁah poitngst hevmgeaqlsemr;d f@qubnqs hfulAd sbkematic
noted that the portions transmtted by one ant enna
ilhessrationt obed i RRSHEOWIAE Fignrbnb® hay ResEedt rfahs?rﬁam}éa by the

PR bRk G R IEAS) T PO 0, . 40 ign
pBHERMARiE@ MO Grequency f; are switched between and emitted by all the
antennas at the antenna array, as well as those having the frequency f;.
It should be noted that the portions transmitted by one antenna need not be‘
“identical in length to those transmitted by the other antenna/s. The timing and
duration of the switching of the signai between the transmitting antennas can be
changed along the transmission of the positioning signal. Furthermore, there is no
need to sequence f, portions after each f; portion of signal, and other
combinations are possible. Furthermore, additional signal portions carrying
additional information (e.g. the identity of the base station, and more) could be
embedded in the periodic signal. The periodic signal needs to be transmitted
while being alternately switched between the antennas, thereby constituting the

positioning signal.
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changed along the transm ssion of the positioning

signal. Furthernore, there is no need to sequence f2
weoaond7ioess9 af t er each fi portion of signal, andPorhEo6/000861

conbi nations are possible. Furthernore, additiona

signal portions carrying additional information (e.g.

the identity of the base statigp,. and nore) could be

enbedded in the periodic signal. The periodic signha

 Ced vl _he _
1o AL AR S PR s o
pc%éétgor%ﬂg Eﬁezgrg\lﬁ] }a?@rxﬁitém aardshnifBe WydiheediBR et sind@thak Matcording to

erencé between pdrtions of positioning .
thei garedusabichiteatuessy at rdassribed edbolyg),t beaffeétedrbyitthe geometrical

antennas (according to_the various archit .#ures %s
argrsgemman dofa Bty entenngs.aF HEBEEROIY the epkgaéﬁn&& qrenge detected for
I, t .of th ter . E Se- i
oG e TE b HD PR R 18 MB Surh e RS fing sicna

Rggﬂigmﬁa'dé&ygd%%ig%f% {8 FeticagshspRsiiihy @fdinadl si gnal

th a“del"ayed portion of the same returned )
posi Figoi Rca Bloghkadiagiaing shdwing -a pokiiving apstem EWdwcegding to
a positioning system 700 accor di rlg.to one e %di ment
oy enthwdimoeinpf éﬁ@ ippentidf orc pimypLIciys systenp o U0s1s - presented as

resented as.having a "transmt' LL..: i Si
B oS, DR 0o Rar L b isgBR By SRELARR%:2 of o
a&@gnei'@%o a5,dS 9WN ok NHBing: id Wigd k) SrkD ANBEMERAE BhéAGng and
and switching unit 140, all responsible for the _
switeniagiesi 040,0fl] tdypopsibied famhadraisgrisdion Of thagoaitioning signal

‘receive' part - conprising a receive ante 125, a
T81 and @ndepiiEe ePdit f-f EPEREISIESR ITRERIHE af@nénﬂig a time and phase

sitioning utilj 80, which | - pr ' . .
aREFones o S8t ot g bt R SRR is, p processing
LR ENE, RN ePRE | febORiMY abll ialy RS tABeeturned
h%{wdg\éaz@/gl %ﬁﬁ%g%’ésxt%ﬁ%t or erl)%g Itgan brg@r eal i ze%l based SHme
p&ditiannodeaiat &S.and net hods known in the art for

estimating phase differences. For exarrril e, phage )
di f f €he phesedifferanes estirpaien,l45n¢anbe realiredi kaged on any devices

oS BRRA oby SOREGHIR OB, Dok B 011G e,
PRIFURLPARS aRRLL 0 i, S chmpuanents i o
clifE6ily dedeiyed Fuitioaxafpigeal tWith pharseiaishyf evemoel portion of the
saenié Isirsrg?lgi)za portion fed via a delay component, e.g. a FIFO (First in First Out)‘
buffer providing a 0.5 psec. delay). For example, the phase difference estimator
145 can be realized based on a Modulation-on-Pulse device, known in the art.
Positioning utility 180 comprises, inter-alia, an /¢ determination module
185 for determining the frequency f and phase ¢ of various portions of the
received signal, N determination module 1990 for determination of parameter N
(see discussion above with reference to Fig. 5), and position determination
module 195 for calculating the position of the transponder.. Not shown in Fig. 7 |
are Analog-to Digital converters, which may be required. Positioning system 700

could also comprise a ranging utility (not shown in Fig. 7) operable for

determining the range of the transponderv relative to the system based on
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145 can be realized based on a Mdul ati on-on- Pul se

device, known in the art. Positioning utility 180
woanproides, inter-alia, an f/f determ nati on nBduE2008600861

for determning the frequency f and phase f of various

portions of the received signal, N determ nation

modul e 190 for determ nation ofsparaneter N (see

di scussi on above with reference to Fig. 5), and

SSRGS EEA AR o
51@13‘;& QP 1P ikl rah 08 Yl?foh%ﬁﬁon W6 hinn@te k@l kearékr(ed. external

I’t1oni ng system 700 coul d al so conprise a ranging

urdt périfenminpofOANDWO A ranklygis) 7P osifien alskenfipaticke nerdule ﬂﬂ§ may
t he ran%e of the transponder relative to the s%éc,
algmbe oo I&Tﬂ%ﬁgoaﬁanééﬁbsrtr%ﬁen * asgd on the

t tt d d
o et g Hansierel Parlys R gl stg e, v M
ext g Rabyidnbd nBRY ﬂ{amtﬂa rJéaN@IQ%nﬁaaﬂzssc@)ld B%Jﬁitédr@fbd with

determnation nodule 195 nay al so be configured fo

orfteb L1t Hangmithentposad. iFamthetmbhe alf atmmntslemuﬂxhé)edmmgrated to
the orientation and range, of the tranﬁp%nder rel ag ve
form a peﬂ@s»sm@ndewee spBpRat FesirerRd WHER- tRadd#in\iae Opera’ﬂon

o RS IRr 3R, SRS RS NP B Radfed BE g g

epg Rt QRi g, dev GeneMPEEing M
utgllﬂge ahdgg%%rﬁ 169 q%qgg%ﬁtlé%n t he oper a{ll on of1 tgheElnner s a

staedeloaki $ygtcan dHS:\Md\KdﬂJ rtgshmulldl be4sndeysioddbihat dhe rsybtiesd can be
by the processing ut|I|ty 180, stem 700 is
mtetgrmtgdrmtbdaddmpn@l hardvarg #msh spitwers rY@lﬂ?ﬂHn%?PaéEn& from the

d Ho
B A R B R iRy st DRHE 0 MRS e, e
p&g{ @’;}Qg &R0, SOTihNRS Sl \M’cﬁué s9eRAT b grcﬁxflﬂfﬁgt fife 8BRRE to be

vent| on. For exanpl e, accordi ng to one
p@sfﬂ@&iﬂdmeﬁh poshrpbaied infirngitions t gmmiveigahioe dgnfredtiont h
a system for providing the object to be p03|t| oned
Wi t th§| 1ilusimaﬂ@a§empsﬂmmﬂﬁan¢tﬁaﬁ a@G@r ding e gatepehpdiment of the

RLEETENCEON Rt SH e
sREIHERC Gt QPREALLAAS tﬁggﬁg&@ﬁéﬂ sk Qﬂtuﬂ&hﬁvn trans%aonder. The

positioning systemin of det ernine the position
p&¥itiGding Mketbyd cbirripe fgefolldWiagppsidtionni ng met hod

conprises the follow ng operation:

In operation 810:

Generating a periodic signal and switching‘ the periodic signal between at
Jeast two spaced-apart antennas of known locations coupled to a common
generating and switching unit. The periodic signal may include one frequency
(parameter f as discussed with reference to Figs. 2 and 3), or may have portions
having a first frequency and portions haying a second frequency (parameters f;
and f,, as discussed above with reference to Figs. 5 and 6).

In operation 820: |

1

Transmitting the s1gna1 to the transponder and receiving a returned 31gna1

. As detailed above, the transponder receives a positioning signal that has portions

of signal transmitted alternately by each of the spaced-apart antennas (two, three
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In operation 810: Cenerating a periodic signal and

swtching the periodic signal between at |east two
wepew@d3mpart ant ennas of known | ocati ons coupPeWILmO&000861

conmon generating and switching unit. The periodic

signal may include one frequency (paraneter f as

di scussed wth reference to Figs. 2 and 3), or may

have portions having a first frequency and portions

havi d f t d f2
or dh eSSt EOFEEPEN I GreRoBcrG s T sigrigl 3 the spme — or
tion 820: T i t1ing t:he.si
o PSSR ER DT BUER 1428 $RPLEmeL i Oenes et
poftgs Al 1 d S?é%@l etrah bRt sENHPOofidRTente GRtorefs a aposideivani rty  the

signal that has portions of signal transmtted
tradkpeideat @iy ishdisezsshd abovhmaspaceith agigrancartediigad)- (t wo,

ot dnrpsst N SPOREIC SEaAh @RS N5t EACEOGHE RBY gire) such that
fre ncy, and th ' . i S
poificih ParPEs Mo uBEn ROHEAu SBOR AL, SevRea the anrepas, the

pogit{gn%ﬁg Rl ANERASHAE the@ei tyatpoydeh idindess portiters of the first
this Ts discussed above mainly with reference to Fig.

frejuenty almseatelye tpesmitd by ghadf thecpotesagngnd portions' of the
frequencies (or nore) such that port,ions, havi .t he.

sesom TFABKRBNSPTBRE IS D SHAL BBt DT TR ETARERENS 1 Hstrated

. Rosi tJ gni ng, signal t icl e :

R T

to%@mg{iahag,gg&yd flcqueficiehie antennas, and portions of

e secon requency alternately transmtted by all of
t he Jardperatas §30i s is illustrated in Fig. 6). The

returned signal, therefore, carlies phase differences

cor rBassenen HgeRBIEMSTES P§PhaRe éﬁ@ﬁ‘ﬂf‘f@? ?%%Wgﬁ%i%%rﬂopﬁ of the

oper at i on,830; ‘Bas. : (o) ;
re&ﬁf‘?‘grs%s Btgf%%ﬁ%p Et {;%%Z[H% t eﬁlree?&{;i ed st gr ﬁ%ﬁ“f’ ¢ to the

sﬁ&flﬁrm@ bRgke MgrREhsNEairhabr ¢letRat UAShpondar Fig. 7) measures
re

ative'to the system The phase difference estinator
the @lbevE RberttmedshiRe i diffEiegced parmastare s andep abwvie, 1, ¢1, ¢, are

nmenti oned phase differences (paraneters_f and f_- or .. .
measuré®, asCpistyssed with refersneed Fags- di-stusd a)-tfﬁhe positioning
utrilietgfe r(glre]:ﬁleen% olé:d gsshovgr’l 13;1 I*Eig.anﬂ @etenmﬁef Okt o2hPion of the
transponder relative to the system. In case information about the range of the.
transponder relative to the positioning system is available (e.g. by TOA/DTOA
comparison of the transmitted signal and returned signal, or from an external
source), the position of the transponder can be easily determined based on
methods known per-se.

Sequence of operations 800 may also comprise one or all of the following
operations: ‘

. based on TOA (Time of Arrival) comparison between the signal

transmitted by the system and the signal returned by the transponder,

determining the range of the transponder relative to the positioning

system.



10

15

20

25

30

utility (el ement 180 shown in Fig. 7) determnes the

orientation of the transponder relative to the system
wonowassned nf or mat i on about the range of the. PCT/IL2006/000861

transponder relative to the positioning systemis

avai |l abl e (e.g. by TOA DTOA conpari son of the

transmtted signal and returngg signal, or froman

external source), the position of the transponder can

ggqﬁggpi@léi\f/iag e%%éwmaﬁ f%ﬁgégﬁgo%"ﬁfgﬁg@ﬁ%g e Fange of the
Il of the foll ow QRS- =
i B asp e L e cRO PgniEREeRD S, el the

the system e iR@sphsral returned by the transponder,
determning the range of the transponder relative to

the posipariagithg myssti@mof doe tnanspprides widh pogitmigformation of

source information ,about the range, of, the t.ran d
r el athe epegtione Podhe i HANFRPYIGE: & abﬁﬂaeé;ep%pgi i (Global
the position h : ' h

o RS R SHATEERC PSRRIy syoms

of t?fgﬂag? ailb@An O hsddsink Ra seaRrtey ofsdidlpdsitierinfsinmayion.
PGS obal PosiTioning System) and/or INS (lnertial
Nav iTatinoentGys tvew)desysbahmainlevsbyetareesd ya 5wk plgiorm.

the accuracy of said pasition infaor i pn. .The .
It St b s 0SB PSSO AP SHRISAPLT GF il P egd see-borne

veﬁlgc?%t,ng@%gg%% IOI‘:‘Q‘QI]%]II‘!%& faiéapalffo b&\d %cﬁgﬁEMnst. end seRtbANcould

I ai rborne a sea- bor ne

als\()e(%.i x;‘ekaﬁéed wd § Rah Bl @aobiledievidesr at i ons and
noait Tl

cations. The invention could also be realized as .
a hang hebehtrinbehion evildebe Titegratedanth prigdlargipresypiation
be integrated with a cellul.ar  c rmucgi cati onl,r[netC rka cellular
netv gk, feeg- foUFEBPPILAG g@ﬁg@é}}ﬁﬁ% BSED IS Ser vPEES Y

copRyEGhg oEoEEH i BT LRSSk 5 e o
e B e et et LLng/ T ecelving.
inémkihigl”'ﬁﬁhémitﬁ'ﬂg)ﬂtémvidgeeqmpMeat)cmijm st m@%ﬂe communication
devices currently located within the cell and communicating with other network
components (e.g. other cell sites, central qomponents, etc.). Each mobile
communication device communicates in a timely manner with its cell site,
receiving and returning a control signal, thereby providing the network with
information indicating the current range between the mobile device and the
serving cell site. However, typically the specific. position (orientation) of the
mobile device within a cell is unknown to the network. For example, as is clear,
in light of the detailed discussion above, by proving a cell site having two
antennas and 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 posit‘ioning,sfystems
(e.g. GPS (Global Positioning system) or INS (Inertial Navigation System), in
order to validate the readings of those other positioning systems and assess their

accuracy. For example, by comparing the position of an object determined
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devices currently located within the cell and

comruni cating with other network conponents (e.g.
wotheroiseb| sites, central conponents, etc.). BathL2006/000861

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

mariner wwth its cell site, receiving and returning a

control signal, thereby providigng the network wth

i nf or mation i ndi cati ng .the current range bet ween t he

nmobi | e device and th ceII e, -
aceqrgingald etlﬁ@@%%%“ﬂﬁ’c %{%45 Psip nlt‘té{%?n%ﬁ%ftoﬁ%e_mfne
i P AL ety rclderien “%%“@?“""%%2"8%?2?% Aptioning
infiBGHSR! A @é’e%t Ry ey i dgld ad@d) Ibesiused hfawi ogrdlwiing timed

ant ennas and sw tching the control signal _therebetween
inforinafion Nadtineenalifftrenthendi raseeteopyemen a0 1] calforaripg INS
q relative to the cell site can be established. The

Gmc@éent i nvention could be integrated with other

posil op! t RosbtfiAthA8ns described

syst g?lﬁlég SSneP% %G?Oﬁ;ﬁ) tét@ll egﬁﬁllost em ,éul}n orS e?scn ¢

abB@e Vﬁﬂo‘vﬁﬁz@%@ﬂ %)ré@iéﬁinr}ﬂ%n@cﬁn htms&remdmx Hos ptacqmomgs affected
ens and assess their accuracy. For exa

by
bthmépaangegof Heequesties pandfit an cé@qrethat at hlgher frequenmes better
det er m nedaccor d| ng to.the.inventio

prp@gnopu igryielded; s 88’§¥P1b|1’é el BF‘?ﬁlﬁ% %r‘?a PheY S&% YRREE, lower
]
5&68 Ir?l%%l(ﬁe or o tlg gfrf]ﬁ' \Yfﬁﬁe a@é%éé%%\ﬂ}lﬁ%%lt‘]ﬁ%ﬁl{fgé&ﬁmt 1GHz,
ngli%? {L 9} ﬁﬁﬁsxﬁiﬁsf&ﬂ @trquu&d nidk linfiativatis @hctmlse/da ehlower
eren renote systens, and for calibratjng

fret@aencies. Tha @rqﬂnsnom isdintigersaféecied badbe rg@pﬁ@tnyooﬁﬁhé array of the
various _caonfigurations described abo

e OV P RS oo BB AR Pion 1

ff tedb the r e itsn&l(8ar 1

PGS by RS bl SR e8I e R over

m¥éE). E4 enTRIRYE hre Miiniddek thereds o wedgbamnepersytet fomreceiver
range,” lower frequencies are required. Note that while

erddrstand tb correbite yeadamgpefrom @tﬁ@mnﬂr@p&we@ ne of Site

(LOS) transm ssion is requi.red, hIS limta
decr &E@Slﬁpﬂm&@ﬁ ﬁme%ﬁfg’ﬁ@rnésto SR |C§P]§ﬁu’ia§1°ns described

| abig%{eéﬂﬁgé ﬁl@h cga¥e %zﬂg ’912@ ﬂgﬁﬁﬁé e fshe?ff@c{té@lﬁy‘%ﬁe tH@th of the

a conmon sw tch

p&%ﬂi ' %‘?{g aPNRA1 84 89 the 1@%& efate Bwirheiagyclg (pha&re length of
nmeasur nts over a period of time (e.g. over 1

time needed for transmission of the periodic signal by all antennas in the antenna

- array). For example, by setting the width of a 1GHz periodic signal to 1 msec,

and the length of the switching cycle to 4 msec, a 100KHz update r@te is
maintained. Note that high update rate provides better navigation precision and
better signal-to-noise ratio, and consequently, larger coverage area.

The positioning system according to the present invention is better
protected against jamming. The positioning signal available to transponders
located within the coverage area of the positioning system is stronger At%mn the
GPS signal available in most areas covered by the GPS system, and therefore

stronger signal is required for jamming.



10

nsec). Systemerrors are mniml as there is no need

to conpensate for receiver errors and to correl ate
woeedingwofrom di fferent receivers. The positi 8armE006/000861

system according to the various configurations

descri bed above, provides high update rate. The update

rate is affected by the wi dthef_ the periodic signa

as well as by the Iength of thé switching cycle (i.e.

the length of tinme needed for transni ssi -0f .

per TbaEv SR e gietr i W RS o et pr A b pinty to

or.. €xa ' | At hnghldand Goledr@ht 8@ Bivention
RPjs:Taélheg]rontng% ffeﬂgé%ggéhggg%@hﬁ%% o?ﬁt he sw t chi ng N
' ol Bitt@ b¥ tRE &&eniFRAKIE Uentit canditeuldsbenamptagiededong other
1S§ghe %haP@high ugg%te rate provides better navigation
pofticasi «fi the radih syetctrem 8 gl astghaoelsstrpmaggetig pafliation spectra.

consequently, | arger. coverage.area, The posj.lioni .
Fusperameadbel BRGUCS & HOLpEUe: 9 AIENATBIEEae YRl dfn and is
.ot ect ed _aqgai i i 3 |t i ; h . ’
apﬁ{}%ﬁtq?%%? &y %ﬂ%e:};f%)g%onge&gdg%% t‘gg%wb?ﬁ{yn&%ﬁ%y’?g?e rag; gous ©
uh%%%ﬁkﬂ%ﬁihe positioning systemis stronger than the

si'gnal available in nost areas covered by thengfﬁ.
sysFemsimpHcitnethefpossiosingsiseems, agearding to ¥glippe goyogeuments
j amm ng. The inventign was, d ri bed wthoref
OfFRErialia: BT FRFTARTP A0 REnE SUP BTSN Giouid 06 notél that a
frequenci es_of I : AQ M hat wikie other
POSHL g8Xg?gLﬁ%%gﬁﬁhgﬂgﬂﬁgfh%ﬁgmggéﬁﬁﬁﬁfiegﬁggb v
Sygtreﬁgy Gé’]%l SeheraPdsi€ioHing Bestenp) dyedtiah-dngleot, headar systems and
portions of the radio spectrumas well as other
metesioramnaghehé cequadidedictatianseodraodiifatiRBinore, the
invention is not limted to el ectromagnetic radiation
and is applicable to any other form of propagating
wave- borne energy, such as acoustic, ultrasonic, etc.
For sinplicity, the positioning systens, according to
various enbodi nents of the invention, were described
as stand-al one systens. It should be noted that a
positioning system according to the invention, could
be integrated with other systens, e.g. other
positioning systens, direction-finders, radar systens
and many nore, with the required alterations and
nodi fications. CLAIMS: 1. A systemfor positioning a
transponder, the system conprising an
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antenna array of at |east two spaced-apart antennas
coupled to a commobn generating and switching unit,
weabw/ogamwer at i ng and switching unit is confi guPedIEmn6/000861
generating a periodic signal and switching the signal
between said at | east two antennas, constituting a
positioning signal transm tt@%ot_o the transponder; the
system conprises a receiver for receiving a returned
signal and a phase difference estimtor coupled to the
recei ver and operable to neasure phase differences
CI.?&TM@” portions of the returned signal; the system
urther conprising a positioning utility coupled to
said phase difference estimtor and c nfist%,u ed to ..
1. det eAnisyetenh efopopPHitioRNSf atﬁéniﬁoé’ﬁ§bo rSYP B RPEYRe an

th i-tioni 2 t : t .
antgnRRGRERh Thet detts Mgt apil h SEREED OBl fy o Rofimon

. gelg#r@pﬁg Q{h‘a%wit&‘fig—lgdtﬁﬁt, dafe géﬂéi@ﬁh% mndf swhehiagient &t carfigured

ransponder relative to the positioning system
foxﬁger&r@ti{rﬁg gPeriodiys sl ahd s@lituhing thehegealrbatween said at least two
eterm nation of the position o nder

ior f the.transp . th
antenohydesnsiideiéngrimposiANEE tigaal sgemi=d A3 AnpBRRdeT the
SYBFTACOTRIFS AP CbriChALNEIILE het paur Ty ort Bu e da] Prase

he positioni ig si gna

di]ff%%ﬂ?gﬁ ésttffl‘flatgy rcfo‘ﬂl?le?ﬁ/ & et aRdeilvbe idgopbrabéd Wo nedadre phase

ransponde A system according to Caiml
diftbeneks bésvedat eomioat iafh the tétermrssi agoal; othet Hystem further

transponder includes determ pation of the range of.the
commipg AdRosiie e wlwocogme%&isﬁéoﬂ%sg Eﬁﬁr@fﬁi %%%@t 6r and

on i nfor ion. received fr . : .
cod B AR S5 fGBob S AP RS ATEho bt Sonin
5 1!%31 system 5. A systemaccording to Caim1l. wherein
YA periodi ¢ signal includes portions having a first

frequency and portions having s second frequency; .
g of the position

2.por t i Argsteavacwriing tediieirh legherrty the ecterninate
between said at | east two s acedf- part %néiengggsth 6C % onder
ofsthet wanspoadedinmgudes dHeMNSURR e TAFHAFPY © Hansp
I req enﬁ% IS .in.the range of about 1GHz or nore and
reqly 385 BOM OO fer from the first '
3. A system according to Claim 1 wherein the determination of the position
of the transponder includes determination of the range of the transponder relative
to the positioning system, based on TOA (Time of Arrival) comparison between
the positioning signal transmitted by the system and the signal returned by the

transponder.

4. A system according to Claim 1 wherein the determination of the position
of the transponder includes determination of the range of the transponder relative
to the positioning system, based on information received from a source external

to the system, about the range of the transponder relatiye to :ﬁhe sys‘,tem.

5. A system according to Claim 1 wherein said periodic signal includes

portions having a first frequency and portions having s second frequency;
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frequency by about IMHz. 7. A system according to any

one of the preceding clains, wherein said spaced-apart
wanb@rmasgare coupl ed to said generating and SRCTALINE000861

unit via substantially identical feed lines. 8. A

system according to any one of the preceding clains,

wherein said antenna array conprises four antennas in

a tetrahedron form 9. A systémaccording to Claiml

further configured, based on the.determnatian.pf the
popimgist havingf thehsame afiePsHEE aret 6WifF§%‘§ REVERR Said”'at 1085t two

trgnsponder position related information. 10. A system
SP%C@a'ﬂg’fte?rﬁ‘PW{‘)aﬁg the orientation of a transponder
relative to the system the system conprising an

6. ante ngyﬁéﬁﬁxcé&rdﬁ\fg te@shint WowdpaciadsApdirst dreanas is in the
coupled”to a common generating and switching unit,

rarf® Of gboer 4GHy candoswind thegeannd fraqusaqy i Glfeedromrthe first
generating a periodic signal and sw tching the signal

frquﬁn@ehyggpﬂt fast two antennas, constituting a
positioning signal transmtted to the transponder; the

7. 37 S AN TR ‘agﬁo;rgglgfdﬁ)fc 8hYSfnd BF the PRk RIGBkUNIREEIn said

“sign ence estimtor coupled to the
sphGREAYRE aARchraBedrablauplad measiid egqivastingliahfleswitdeag unit via
etween portions of the returned signal; the system
substahtislly ctempicalsfend limepositioning utility coupled to
sai d phase difference estimator and configured to
determne the orientation of t r r el atd ve: id
B.to t Ho OGN FEHOIH fib TYsTlmt 18 R e s FeEin sa
0.5 Al ' efinRehi Peitanstignaforimc! udes
mﬁﬁﬂﬁ%éﬁﬁy‘#§9wﬁ§%§hp¥§§% freéhency and portions having
a second frequency; portions having the sane frequency
9.are sni tpfied betodary ai Glam | bafuthenocepageddapaped “on the
antennas. 12. A systen1accordiﬁ$ tp Claimi1l. rein d
desaimintiiontoff theqneditign of the {ReS %Iﬁfgeé &F LS feggragsponder
npre an second frequency differs fromthe first

d sai
quité?fb%@}?a%&’% DM . 13. A systemaccording to

Clai m 10, wherein said spaced-apart antennas are o
10. A system for determining the orientation of a transponder relative to the

system, the system comprising 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 for generating a periodic signal and switching
the signal between said at least two antennas, constituting a positioning signal
transmitted to the transponder; the system comprises a receiver for receiving a
returned signal and a phase difference estimator coupled to the receiver and
operable to measure phase differences between portions of the returned signal;
the system further comprising a positioning utility coupled to said phase
difference estimator and configured to determine the orientation of the

transponder relative-to the position of the system.

'

11. A sys{em according to Claim 10 wherein said periodic signal includes

portions having a first frequency and portions having a second frequency;
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coupled to said generating and switching unit via
substantially identical feed lines. 14. A system
weacoewrodsosy to Claim 10, wherein said ant enna aPCEaJL2006/000861
conprises four antennas in a tetrahedron form 15. A
met hod for positioning a transponder, the nethod
conprising: generating a peri gﬁdc signal and sw tching
the periodic signal between an™“antenna array of at
| east two spaced-apart antennas of known | ocati ons
poctoons ddving sha samenirganncat frRy SHAtFhsti bethieRy Sc?ﬁﬁ?ta,’f least two
transmtting the signal to the transponder and
SP?@%Q?R& éntggp%s(.ur ned signal; based on measurenents of
phase differences between portions of the returned
1251 9N g gt%h?%&ldiﬂﬁ%t the1sn gnt whesdin Ghid fiestt fraqspesdsrin the
rel atlvg to the system thereby allow ng the
rafigd of miboat il GHobr therepmsl saidnsesbnd Heequsney vdiffersefigm the first
to the positioning system 16. The nethod according to
fraguenay b5 abert B¥Hl€onpri si ng: based on TOA (Tine of
Arrival) conparison between the signal transmtted by
t he systema ' r : : ;
30t erhenT Ry bive S s ERlm D il 3o RO RS hnas are
co%?f‘e_dpﬁ’@'sﬁid)@bﬂ&aﬁﬁgteﬁf@ itchig tmithed audstmdially identical feed
aim15 further conprising: receiving froman
lirmxt ernal source informati on about the range of the
transponder relative to the positioning system and

Pt ﬁ;g*;gggg? arsry ey o Gl Abg%htfrg%ﬂf’s%?{ dfonnd %naédcompﬂses
roff EplepBe fi o REERPUIAOHRE 07t e posi i on of the

transponder established using PGS (d obal Positioning

15y st eimehdd gor pdRihingrat fratsphadegdhé oretlBybee@nprising:

S¥St eggﬁerating a periodic signal and switching the periodic signal between
an antenna array of at least two spaced-apart antennas of known
locations coupled to a common generating and switching unit;

- iransmitting the signal to the transponder and receiving a returned
signal; 4
- based on measurements of phase differences between portions of the
returned signal, determining the orientation of the transponder relative to
_ the system,

thereby allowing the determination of the position of the receiver relative to

the positioning system.

16. The method according to Claim 15 further comprising:
- based on TOA (Time of Arrival) comparison between the signal
transmitted by the system and the signal returned by the traqsponder,
determining the range of the transponder relative to the pdsftioning

system.
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thereby all ow ng assessing the accuracy of said

position information. 19. A nethod according to any
woneo7gfizcebai ns 15 to 18, wherein said periodi cPeT@nAb6/000861

i ncludes portions having a first frequency and

portions having s second frequency; portions having

the sane frequency are smﬁtchgﬂSbetmeen said at | east

two spaced-apart antennas. 20.“A nethod according to

any one of Claims 15 to iag wherein said first v
17 r eqUdwonethodiagconling ingaist 1356(5&9 WP % 8ore and

th nd f di f J
by abGaEn MO At Relcipube dblhaliph®ich ASEKe of the
d ai n&axgsi)ohgelzgela’t’i’@@rt%i theS 3 iAot 88 NSy sbdrh A¥nd Ol BREng the

four antennas in a tetrahedron form 22. A positioning
syst eposisonlestid teadpondéhe appended text and draw ngs.

18. A method according to Claim 14 or 15, further comprising:
- comparing the position of the transponder with position information of
the position of the transponder established using PGS (Global

Positioning System) and/or IN'S (Inertial Navigation Systerri) systems,

thereby allowing assessing the accuracy of said position information.

19. A method according to any one of Claims 15 to 18, wherein said periodic
signal includes portions having a first frequency and portions having s second
frequency; portions having the same frequency are switched between said at least

two spaced-apart antennas.

20. A method according to any one of Claims 15 to 19 wherein said first
7
frequency is in the range of about 1GHz or more and the second frequency differ

from the first frequency by about 1MHz.

21. A method according to any one of Claims 14 to 20, wherein said antenna

array comprises four antennas in a tetrahedron form.

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



