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WO 2007/013069 PCT/1L2006/000861 1. A System and Method for

~ Positioning a Transponder FIELD OF THE INVENTION This | t]

WQeEe'y ansmitting/receiving systems and methods and mlgct\g?ﬁ%&/ooosm

specifically, to positioning systems and methods. BACKGROUND OF
THE INVENTION 5 The following patent publications relate to positioning
of transponders: US Patent No. 6,876,326 discloses a high accuracy
search and tracking system 1:h:.. uses a round-trip messaging scheme in
which the Tins, efeArivall (VR af fangingisipnalg is dceurspelyder
determined to yield the range estimates between a target
communications device and one or more search communications devices.
10 Successive ranging estimates are used by a search device to home in
upon the target device. The physical location pinpoint communications
system 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

FiespPNdsy HENENMEIY THNranging signals. Upon reception of the
reply ranging signal, the search radio determines the range to the

refercHib radientiom thtatig il BROSEYHIBS TRREDEN DY HeFoiaBssthads and

can'be minimized using. d-processingteehmiques, if required. US
Wé?e?ﬁqﬁrgp%@%%ﬁo |31§%\é§%g§ system for locating players or a field 20

including first and second directional scanning antennas located adjacent

Bte%c @RQWM@%WWWNVWS detects the radiation from

antenna and transmits timing signals. The timing signals are
receivegaralcaniigl station antlicetpay et ecteraned ing $igrisagsponders:

synchronized with the scanning of the WO 2007/0 I +
(BT 808/ G056 2 AN 1 BFOVITE 8 dtoabon S racism vstem

tl?acﬁ ition of 8RN plAYen&aaLthe weanninthantdnhatiecativesol HedetidTOA) of
leld position of the players can then be

ranging signals is accurately determined to yield the range estimates between a
target communications device and one or more search communications devices.
Successive ranging estimates are used by a search device to home in upon the
target device. The physical location pinpoint communications system 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
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. Frrors in TOA estimates can-be
minimized using advanced processing techniques, if required.

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

20 inoluding first and second directional scanning antennas located adjacent the field.

A transponder carried by the players detects the radiation from each antenna and
transmits timing signals. The timing signals are received at a central station and

compared to reference timing signals synohromzed with the scanning "of the
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computed. The system can also locate the position of a playing object,

such as a bail. 5 The following patent publications relate to positioning

systems and methods and are not limited to positioning of a transponder:
WRHBUENINo. 3,981,015 discloses a phase comparison radiBGTAKZAsER0861

system in which a prime transmitting station and one or more secondary

transmitting stations radiate phase-locked signals of the same frequency

in a time-shared sequence. 1.0 Phase loéking at the secondary station or

stations is effected by using a common phase comparator both for locking
antephastorpeonady esditldiortiothelrdve iy pripesibignars anebigriyekinpm the

the .secondary signals at the antenna with, the phase .memory oscillator
S8 PEGHENG: FETETTD e G ST et be
compisection ef Asival (P EIA) meastemeotcanmfiatiphbagedigret, such as a
long-baseline, phase-difference, paired-antenna interferom,etry and on
batbOA-computing array processing algorithms. Specifically, methods and

3'90%@3@3%9@“ Inegh %ﬂi@m&ﬂam%% Sximalion of Werems and

cosine of the DOA"are described for resolving the cyclic ambiguitiés in
métinpbassline e phoisdidifferk oepaitedr20sa e in i titepfardmetdlS, Batbnt No.

I ring the computations to the.vicinities of t tio . -
3’%%%ﬁﬁaﬁgﬁ-%ﬁ%snsqvgu%??gy (foor%1 eas%ci;r?a arlggl]%(t)%r?thnrr%s?}l %%ﬁrgerbygfes (i nlél which
priaspwatenioad enaditmeatdS Rateot Noork 18764 2adisclesesainting stations

electronic navigation_ system ground statjon, which.may be either a

radigisi-Phdsi 0skE0 S 1B0aR RIVBRVPS PAGRC S ife ERBR fifltfsic Aequence.
PrikeUakana%ofaNesnRmRismenis N3t aerRAAIROERMSAWNEg a common

includes switched programming of at least one discrete set of phase

phehiftermpaetiest badcdesienkinariy paskarsmatiorsaiasmntoniimrzeg ving
the adverse effects of.multipath sign r '
DT B R, oS T o T S B R T Bhase

m&EEIHLA64080861 US Patent Nos. 6,573,865.and 5,084,709 disclose a
multi-element antenna clusters or arrays for thgsreaclegptich and

eSS GRS A A fof 6 o Betods, algortthms and apparatus for

Direction of Arrival (DOA) measurement/computation based on long-baseline,
phase-difference, paired-antenna interferometry and on DOA-computing array
processing algorithms. Specifically, methods and algorithms based on direct,
cyclically unambiguous estimation of the cosine of the DOA. are described for
resolving the cyclic ambiguities in long-baseline, phase-difference paired-
antenna interferometers, and for steering the computations to the vicinities of thé
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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finding, navigation aid and emitter and/or receiver location purposes. In
particular, it relates to arrangements of multiple antennas whereby the
direction 5 of propagation (arrival or departure) of a wavefront is
WM frorn a combination of the amplitudes of phasor @y t8tz006/000861

individual antenna output) differences between pairs of antennas, said
arrangements being along certain geometrical patterns, such as a circle,

an ellipse, a polygon, an open,straight liné; etc., with at least one longest
dimension measuring more than one wavelength of 10 the incident or

depdithg steeNos PAEHERD BOE7877/ 8B dbKde % mdiy Havigatr antenna

system. which mcludes a fir, ir of fi itth i .
o e A B o Wifttion-
finiatigdes s tesgiver ahdvinglfirstriteanafal derivingiadirsisighiahingioatoses. In

of the difference in the 15 distances hetween the mobile st tioqja _ge ch .
DA GHL i POIRIGF el HRBERE N @ SR PICAHE TR A NTGEs d8Eopaeetion

ofswai@&@ﬁﬁﬁ\/@&{x}aﬁ differengeipsthe rdistapcesthatwaendbemelie from a
station and each of the second pair of fixed stations. Summing means are

coprbinasiatophdbinguel fitsteanalspbeaeTsighalote) spfainduahirnisghal output)

. dicative first i f PPSl] WRIGH the.mobile 20.Stalion IS, 1o certai

dq?)ecrg et ,Saﬁé ifter rléqergmggf]% ggr%ﬁg?év%qed ?o% sdbtra%%ng one of t]f%l Sirst

geantkaécanshsigmalssiromathe otfwde tambiéipse, fourthygignakindieatiwéerait line,
second line of position on which the mobile station is Io%%ted. There is.a

eiedHHth Théoart RS FBSHiHG LY ST Arit HhEtR Al that MfoRe-H v eieeth of

thPsiHaBNG Ll apohiectrAiPPed with a transponder and one antenna.
There 25 is also a need in the art for a positioning system and method

which/aRebitieNasily. Rmmed. BHehe8% furtdihduty igaHemFTsFem Which
BRSPS EAIBE A oL of s
tra I tNMENATION Andordimgbidecstetembaddienersttofaiséainoentioh)dbererisceiver
e R e R A SRR G S BRI in e
distances between the mobile station and each of the first pair of fixed stations
and second means for deriving a second signal indicative of the difference in the
distances between the mobile station and each of the second pair of fixed
stations. Summing means are provided for adding the first and second signals to
obtain a third signal indicative of a first line of position on which the mobile
station is located, and difference means are provided for subtracting one of the
first and second signals from the other to obtain a fourth signal indicative of a
second line of position on which the mobile station is located.
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.



10

15

20

25

two spaced-apart antennas coupled to a common generating and
switching unit, 5 said generating and switching unit is configured for
V&%&&?Zﬁ!ﬁﬁ’%’ periodic signal and switching the signal between Zaidh2006/000861
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 Co‘hpled to the receiver and
operable to measure phase differences between portions of the 10
8,15 i n@llft It\gi@fhrrr—mgT(‘Eomprising a positioning utility coupled
to said phase difference estimator and configured to determine the

positisheSPIRECE Sn SpSrIaP rdlisnvRLBTiHeeiiaBHMY dhstens pesdrging system
fétsg egagiﬁmﬂﬂ%@%hggmmw%% G%Qggirggrx%o&pm@mmmy 8F at least

transponder includes determination of th ation of the 15
twargpordernetatiméeontire Eogitishiogasystemoficgondingite amsthsyitching unit,
eré;t%%diéngnt, the ﬁeter;{nl‘gation otf Ihe(g)o gion gféhe transgtoncger includes .
SESSTHARANSE SRS TaRGESE il t?‘%ncsﬁgsht}érrerel IVEBTHE BB ridingHc signal
agystemichagedion Jigha(TheswetArgyal) sonmparisordetneandiie constituting a
positioning signal transmitted by the system and the bsﬁignal returned by

PiEHPRARE ohaRA ! KREsRIHE DB (g dtahamri embsanitiitos dHermvehagRoeiver
rohe-detsrminaliogafile Rsitenal AhsHAeSReRGeR ISR ator coupled to the

determination of the range of the tranSponder relative to the positioning
refaitesn, dubeepsraiiforinativviseneipbdseoth Hasurss dxeénweanopdrtons of the

stem, about the range of the transponder .relative to.the system.
A e e R R B S govotea o
ssiybisinds tiffree25e canfigated abdseshdiyitel detetosinatian di¢hsosition of the
position of the transponder, to . transmit the transponder position related
b o E A SN SRR P SRR B 5HS e Recording to another
embodiment of the invention there is provided a system for determining

the orfeFEQHBINEE PASSHHNGSTRABHIY (G ¥saiins. (he Wesermination of the
pERHR13068 £ L0808 4o LM iCAPPAISHIO @2 ANRARA IAUS the

of at least two spaced-apart antennas coupled to a common generating
transpowidchingalaiitysaidgetegatipessihehing  system. According to another

embodiment, the determination of the pgsition 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. 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. navigation

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 least two antennas, constituting a positioning
‘gf&ﬁ%ﬂ B{i&mitted to the transponder; the system comprises &¢a0@ivh6/000861
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 syste‘n§ further comprising a

positioning utility coupled to said phase difference estimator and

SO RRYUIBERRS B8 rifh A HE Be RSN OF thle 1£05%raspompRISE1ARTE tgntennas
M easitp %Ofﬂmemeﬁﬁ%%%“%ﬁ‘a angthatiamagdiment of N6 erating and

invention, there is providéd a. hod for positioning a ;ranspon‘aer, the
switthog comipiisiogn £ gersl dimgzanssnodis sigeaicahd sigitetingdhewitching the

_.periodic signal between . an antenna array of at least two spaced-apart .
R RO 76 1SR ORE L TS o LR b g e signal

trandtalting unithctiensspitingthensignelds thetrarspondecantreReivingd ding a
returned _signal; - based on measurements of phase differences between

reSuriehsSEFiRb Rfumdlarsndl HERATRIRFICBriertRicH dp e receiver and
ofansRondshEslative iR, 20 thersysiemm ubereby lawing the ﬁféefé%&?ggmigmh

of the position of the receiver relative to the positioning system. B
P ESCRIRTIONOF THEIDRIAYINGBLEaniogieitibiyndwupiad the said phase

ipvention and to_see how it may be carried out in practice, specific ..
O b R R G N
tranip cefdee nelativ the ateqgropaioying trawisgsnin which: Fig. 1 is a

schematic illustration of a simplified architecture of a positioning system

acsouding:tg an embdaimenhbbdie saveoflomeWMov200 6013062 P& provided a
/11.2006/000861 -6 Fig. 2 is another jllustration of the pasitioning system
MEERBIRE RO R AMIHERBIAHe MOSRTOR SFOMPHSERS: 1;

- generating 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,
- transmitting the signal to the tramsponder 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;
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Fig. 3 is a simplified architecture of a positioning system according to

another embodiment of the invention; 5 Figs. 4a-4e schematically illustrate
WEhtERHAEI$Ay configurations according to various embodimerRS BikAR6/000861

invention; Fig. 5 is a flow chart showing a sequence of operations carried
out by a receiver receiving a positioning signal transmitted in accordance
with one embodiment of the invention; 10%ig. 6 illustrates a signal
generated by a positioning system according to , an embodiment of the

inventid®; Rigs PRORHILR GBI Shdiing S PbERRINYLFRefrcording to the
RERIHING 13 00k Shadimenbaliing myention; and Fig. 8 is a flow chart

showing a sequence of operations carried out by a 15 positioning system
accorHigg o iansepibodifehtatiiteiventidng JRTAREDDESCRIRTONng to
OF SPeE IFIFCZn EeMth% IM%}I&ES{%F_THE 20 INVENTION Fig. lis a

a%%wg%a i St ation of & smﬁlﬁe%’architecture of a. positioning system
10 acpsgling tocsreenhaiimient bh theisventione Theypasitioning systertording
10 includes a base station 110 of a known position, having an array of

oA e AP R h il B¥RBHARs. 120 and 130, and a common 25
generpfingsandisyichingHnih 4P coupiRdiedbe 8nispaasicwsSiemitl out by a

further Comprises a receive antenna 125 and a time and phase difference
ressiiveataea5ingy stepe b padiate sigrahsirigyaipeditibhingsiAangs, with one
ol g&rﬁ%ﬁtb&%%%%“’&é’n%& certain Ioc_al zone Z. An_o_bject 100 of an

unknown position (5 ground platform in this non-limiting example),

equippéd witllastrRiesecsigetiirananted %y @ ROSTIOARGHSystem according to

PCT/IL2006/000861. 7 (transponder) and one antenna (not shown in
a@@“@?é’@&%é& g{frﬁ@(‘éﬁ’f& returns it (signal RS) to the base station

140, thyoughgecsivelantanhand 2hotagretiiRedosianalRSeariesording to one
information about the relative position of the object 100 with respect to

enheosaE Bt A GheL Ay cTHeRe®itAed signal is analyzed for the

Tig. 8 is a flow chart showing a sequence of operations carried out by a

positioning system according to an embodiment of the invention.

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 difference estimator 145.
System 10 radiates (transmits) a positioning signal TS, which can be received at
a certain local zone Z. An object 100 of an unknown position (a ground platform

in this non-limiting example), equipped with an RF receiver/transmitter
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S purpose of positioning the transponder. Also shown in Fig. 1 is another

“9(5)' g/dllgg6ganother ground vehicle) travelling within zone Z, receivin
pos@t?oning signal TS from base station 140 and returning a sié’ﬁg( 6/000861
carries information about the position of vehicle 102. Positioning Signal
TS is a periodic signal (e.g. a 1GHz sinusgidal signal) 10 generated by
unit 140 and switched between antenna 120 and antenna 130. In other

words, signal TS includes signal portions emitted by.antenna 120 which
(A RSORBE R igT BOTGORE DRl By s 150 (Lo HecuRgh TS and
reb@law irgfepnng Kekigs (heb)adhetativrnedosignab RS ¢aviescinformatiorns. The
about the orientation and the ranging of the object 100 relative to the )
re@agéeétéf@%ﬁlﬁﬁngamﬁelﬁfﬁ@%#aosh%%ifféé?e?ﬁéafé%%rﬁa%ga@& of the object

165timatingthefreauencyand phase o thedeegivadsigaahithe Qf&ﬁ?zec} for the

station is able.to estimate the phase differences cp between portions o

puhpcesitiopirgtisiging éhitteehbycndennals02diand 18014g. récsiviepiher object

1§30 bjeet 100, Bhase diferances delccled aliane pany Wi Z0ne 2o crionin

Q g(D % o%je’%jfofﬁ@) Jdiferse m,athose detected at another point %e%.l?%y &

sighigcy20162), ard seitiespend intheqgentmeiricali gisfogitionat e information
receiver relative to, antennas 120 and 130. Using time and phase

ARAHE IO ROV FIHE &b 4ting the time delay between the transmitted
signablsiangh thesieiungessignah B dieshase sation isaMeddusoidal signal)

determine the range to the object. The concept of the present invention,
gemeidihdio eeitdifleabbaiméshsd 25 wilaioantanarplifeanid gréanae 130. In
etail with refere Figs. 2-3 and Figs, 4a- 4c, In Wi t e .
o e 0L e SRMEY JBREHE 12, which
altdgnetherétls sirestntedtancthanilisstrationré the pH3tigeing diystesion below

.10, showing the geometrical disposijtion of t ositianin stem,
R Bhe S0 FEEPEnoRT PR SR i et 2bout the
orfisatashBQNithie zoneids WOZOQH L8969 PLI/LL 2006400088 kidtlsh: Using

portions of signal ITS That are emitted by antenna 120 travels a slant

thdistarcerrl pivieldisfrnges bynR EBMPREHEIROSE HbeibRY Wmfteangyphase of
thaenltﬂgggg/e ggtr?a ,t %E%V%Lagedis e ilsqzable,,to estimate the phase differences ¢
between portions of the positioning signal emitted by antennas 120 and 130 as
received by the object 100. Phase differences detected at one point within zone Z
(e.g., by object 100) differ from those 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 Kigs. 2-3 and Figs. 4a-
de, in which the same el‘ements are marked by the same reference numbers.
Reverting now to Fig. 2, there is presented another illustration of the positioning
system 180, sho{w‘mg 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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By measuring f and p, AR could be determined using the following 5

known relations (1) and (2): (1) 27cN + cp = 2atfAt (2) AR. = cAt
wiharefoiess¢3) AR = c(2-,6N + c9)/2ref 10 wherein: f is the freguenReyYe0é 000861

signal ITS; <p 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); 15 At is ghe time delay between portions

of the positioning signal emitted by the spaced-apart antennas 120 and

130, Fncreeeivad 00 nbte thatdaiiisindigibhardela)2D thatels a slant
characterized the operation of the phase difference estimator, and is a.

diprersiifled Whirkriewengardnicddt, Gompemes daesh PERST FDitigopyantenna

is,.an.inteqger indjcati e number of cycles of signal TS along AR
Ié’s}%mtp |gi%?}’%%e%r§g%%é$§r$élating to Fig. 2 will continue based on the

assumptiafedhatiibistkaawnp, TiRambnigdityeofdsitrtisous seddgrttier following
below, with, reference to Fig. 5); and c is the speed of light. 25 As the
knpgtaiceaissdtivediddtennas 120 and 130 is known, and assuming that

N is aélsrg%ﬁqurnégs_gly' Pf the ambiguity relating to N is discussed below
with reference t Fig.%;%lt IS now possible to calculate spatial angld a, as

followg) (ARcesave AR/R3 WO 2007/013069 PCT/11,2006/000861 _g_
Thusﬁgfgg&s’uring parameters fand cp which characterized a signal TS

(3) AR = c(2nN + @)/2nf

wherein:

f is the 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 spaoed~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 R3 between aﬁtemas 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 noﬁv possible to calculate spatial anglg o, as

follows:

(4) cosa = AR/Rj
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transmitted from known points (points 120 and 130) in a switched manner

as described above, as received at an unknown point (e.g. point 100
wbaaindeigs. 1 and 2), a surface CS is defined, which is the spacs 9t Aooser

cone generated by 5 angle a, onto which points 100, 120 and 130 are

located. This provides information indicating the orientation of point 100

relative to points 120 and 130. The orientation of point 100 relative to

points 120 and 130 could be determined using additional information, e.g.

nforratien gaheted o mapnetdetafied doglapuiin elerense, 0 Fiddna) Ts

or eliminatiorr proce nowil per-se in interferometry
trénstuiting, frobmdtdiwite tirte(psetf tHE0asadmelprimeasuitetidieighinner as

of point 100). Turning now fo Fig. 3, there is illustrated the geometric . _.
daqga%gfﬁ@%% BoTCT06 Feth L%%%&%b@%%%%&@ﬁ%%ﬂ in Tigs.
1 anether embesimentisthie fmvantionidh whish asyeiemEL) dyfbelenerated by

includes a third antenna 150, located 15 at a distance R4 away from .
aaglenna 0200 Avboedingamthid 8fabdaliment] sigHal ar's ipgelseratEhipyprovides
. the common unit, 140 and switched betwee three.spaced-.apa

T o0 e s S R R 0 ana 130,

Theludestsignaloggstions that-are:aitero atelytl arimitted 1IBY) antehds #2frmined
130 and_150. 2Q In a manner similar to the_ one de{tjls?%i%d above with )
uFEI8 et B ORI T $p AR LAHHI dFe BetRtIAB lctailed

paibis determinedwithrespect tgaptannasib20p136anfki08i And 32dSe in the

determined with respect to antennas 120, 150 (the other antenna) and

fietb of ontsatrremiirxvoSlivfiiogs, lob Dqtpreretiiy threusarfalchsf sssumed or

cone ggtﬁe\évrﬂﬁ?) Poionts£ ]I%%[D 120 and 130 are located) and CS2 25
representm% the Slifface of’a cone onto which points 100, 120 and 150

are |duatedpanewefindig CRllknnd. € SRisterselthvitiheanbkicib elisaosithe of a

intersection line represents the pointing vector PV (orientation) between .
DEHTARD TOSAHA e BN ET08, f O ey o SR et of

tRarRaiass fiandicriohbesetunedsiana! indiceindigatel thealaseso, located
differences between portions of the WO 2007/013069

aPCTaiar006R00088Y fugn antenna 120. According to this embodiment, signal

TS is generated by the common unit 140 and switched between the three spaced-

apart antennas 120, 130 and 150. In other words, the positioning signal TS

includes signal portions that are alternately transmitted by antennas 120, 130 and

150. '

In a manner similar to the one described above with reference té Figs. 1
and 2, two spatial angles, oy and o, are determined: oy is determined with respect
to antennas 120, 130 and 100; and o is determined ‘with respect to antennas 120, ‘
150 (the other antenna) and 108. Consequently, two Surfaces, CSy (representing
the surface of a cone onto which points 100, 120 and 130 are located) and CSZ
(representing the surface of a cone onto which points 100, 120 and 150 are
located) are defined. CSy and CS, intersept 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 parameters f and ¢ of the

returned signal, which indicate the phase differences between portions of the
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positioning signal as received by the transponder, the orientation of the
transponder could be determined. To summarize the discussion above
Wé?a&?ﬁa‘{gﬁ%s, 2-3: the positioning signal TS, transmitted by tRe TBHS®W06/000861
station 140 (switched between antennas 120 5 and 130), as picked up at
point 100, carries information about the direction of point 1.00 relative to

the base station. Object 100 is configurédlfb‘return the positioning signal
(signal RS) to the base station and therefore the position information.

peatiieniby sweRAR SsisTs6H hilkle RethEsaseRtstion eI Wisg itien of the
' ientati bject relative thereto. | der to simpli
tr%%%gﬁ{%%%ig &%I@[%&{I{Q&O ject relative thereto. In order to simplify

downlink signal analysis, RS may have a different frequency
than SignalrTiSaAzditiondllys smsconditg e TOAMDT GAKTEmeled: the positioning

Arrival/Time Difference of Arrival) method own.per-se, the range of
551 100 GERVE (i BicS CafoniSHothc B0 TR B Aohrires 120
aflNalo) S0 sienad RY. Highida-Aerschemedicalyrifusisatepotenia afidktion of
configurations according 15 to various embodiments of the invention. Fig.

painscHYnEHaEN? il0sthid2ean FatkahadPisstabBhit sraniigigradeto retum the
pSERHiment af ihe dnyventiosstiusirated ia s Eigri ok %ﬁ@t%%%@f@yt%%%osiﬁon

COMPprises two spaced-apart transmit antennas, (namely antennas 1
iraffocn 300 awneih FigsignahMSnisasoip @itk Botarthecbaptetiatien, allowing it

common.signal generating and switching unit 140. Unit 140.20 generates ..
1 RS e (g NS Sohe) Tt Rt R ARe ) Simpriy
ubEhvk/CRAvaNERas 12 Q e 1g1SOREhe anteanas alg et eikiguitiecy than signal
switchg%] unit. 140 via substanti identical feed lines (note that
t

I _
TR ISe AN EE R8I SRAALL QA W A R s Rifgrrence of
AGORENERHASHIOK CORSeALER: dalaysho SWahHIat s QutRkt eftinihd 88se station

feeds the antennas in a’switched manner, thereby 25 giving rise to a
cpukitionite) ssigiat dvhichinuhadies poetiehd Sftsigrgiatdhsmitted alternately

from the antennas. The configuration shown in Fig. 4a aléo s for the .
deter ill%tié%—c%g tﬁ%h%%%ﬁgal%’nlofl B%ﬁ]te fgéer%zrfgt%/% 0¥ zel\@‘é%%ﬁalxglr%sgaccordzng

tSysheInn Brthdimersienstomly. ihkisnisanodriguitkbledesptaiatily illustrates an
applications (e.g. when gbject 100, shown 30 in Fig, 1, travelsa . .
RIS HARY ﬁgﬂa@CﬁMmgt% HifinciRbocepieRt peche mvention illustrated in

Fig. 2. The antenna array 400 comprises two spaced-apart transmit antennas,
(namely antennas 120 and 130, shown in Fig. 2). Antennas 120 and 130 are
coupled to a common signal generating and switching unit 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 determination 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 160, shown

in Fig. 1, travels a substantially planar path). If the altitude of object 100 is
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WO 2007/013069 PCT/112006/000861 -U known. e.g. using other
g&#i oes/jg%gé an altimeter), then its three-dimensional orientation could be
efined fanner known per-se using the determination of tRE€ POINHNG00861

vector PV between the platform and antenna 120 (shown in Fig. 2), in
combination with the readings of the altimeter at point 100. 5 An antenna

array 410 according to another embodimeht of the invention is shown in

Fig. 4b. Array 410 comprises three antennas, 120, 130 and 150 which are
Kestpledets - alsHMnToR g efeYativg @ne stitehingaiam 1 emrhis three-dimensional

og%z{{%@{ieeuf&'%eaéﬁﬁ@% emhodiment of 1he invention %}fzg 0 B9 3hination

ich allows the determination of the orientationof the object {pointing
ofeittopPir)ingtverod @ Nirhetisions tiin plhdoantemubareynd 2(28ccdroing in Fig.

o0 yet another.embodiment of the invention, is illustrated. in Fig. 4c Array
ol RO G 2158 S50 PR AL P0} LB to 2

comman genefiedingand BIvilebidnitd4aoTihe anienmiaaHaY Z2Q Bvention is
arranged._in a tetrahedron form, in which antennas 120, 130 15 and 150

shRviB didd B tHesandd PIsREpReratterp aateanasiobafed 80tsird 154 which
aP?@&ﬂ@@t@QtMB%ea‘ém%ﬁ@@%@@Oﬂ@ﬂﬁgttﬂﬁ{hﬁi m“?ﬂ&ac%rﬂ@/guraﬁon

affect the directivity and shape of Zone Z (the zone in which the
rplasiiointeigndtoiSmean bé theeivoadhtioncabefull syniigetsd, isvhich allows the

substantially maintained, (i.e..an antepna atrangement of a tetrah n.
d‘ﬁ)ﬁ%ﬂﬁéﬁ%}éu arrié Bos! 1S f|;%tglosl§/s gn?’%ﬁ% Dt AN Ex R APectionain three
dNatethatdhe. discussion above relating to Figs. 4a-4c focuses in the

antenna array for transmission. For receiving the returned signal, another

antenAPEAST ABIRRAR 1H5ShARA AEERS % 01Y Beheihaiicanbpdament of the

iRegrated with, atleastangief H@Mj@h@@@ Asroetedahove g%'ieb 130,

reference to Fig. 2, for simpiicity, the discussion 25 above did not incl
1488 caredidi7 dagardiplg dhécamisiguitpoelagiengtoting dedemwiiatiorgofinit 145. The

SR A s e S 1
aftiN s0dihéornedtinnisthetdinited tmanymhemtthere 78GRt Poutside that
plane. Note that the three-dimensional arrangement of the antenna array affect
the directivity and shape of Zone Z (the zone in which the positioning signal TS
can be received). In case full symmetry is substantially maintained, (i.e. an
antenna arrangement of a tetrahedron form) the resultant positioning system is
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 NN, indiéating the integer number of cycles of signal
TS along AR. There are known in the art, several methods for solving the
ambiguity of N and the invention is not limited to any one of them. Accoraing 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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an embodiment of the invention, the ambiguity of Ni is solved in the
following 30 manner, discussed with reference to Figs. 5 and 6 together
\W}trz]o'(:)%%%: WO 2007/013069 P("T/11,20061000861 1.2 In order to
Geteriing ) the positioning signal :I'S may include signal poriGR&HAMYoss1
a first frequency ft, and signal portions having a second frequency, 2.
The signal portions having the frequency ft are switched between, and
emitted by all the antennas at the antenha-afray (two antennas 120 and
130 in 5 the example shaown in Fig. 2), as well as those having the .
frequeRcHFRFT ThelelerBiRgine ﬂgﬁsEQﬁ]ﬁ%H@e UsrEorreSporiing i 4fe signal

pgﬁcjﬁgqﬂﬁgﬁ&ﬂaa@f}s@ lﬁ@lwaﬁ? diffe r%ﬁ'ﬁa?zpc‘}ﬁﬁfﬁﬁpmﬂ%tgth&cond

second frequency 2, co e measured. The diffefence between t

fichetectey, Val 8w ofignahg Oimnadery fog thetdrasirig X firnteesToliowsdgbetween,

manner: 10 Frequencies fz and.f2 are selected tIN1 .
o AR R A RS IO N o 130
tiBe selatiol: EHoWi= N2 Fig, veherein widlansinteges Haawhgdathyafieguency 1.

from a limited set of values (e.g. 1, 2, ...n) For example, if f1=1GHz and

Threncitors:, 3HER KPRRICIREGESR S e SRR d B et e disi diRAHeRcyet:, and

of values, e.q. k=1, 2 or 3. Note that lg> 0.if £ < cerding. t
R e AR Pug SEMERS S BE oo R RIS B could be
SR LRTING Hdople2eef LAl éei2 Al and folledving stnpIe @fitndets is used for
procedures, N1(k) is determined as: 20 (7) N1(k) = {fIN1 + fa(p2)12rz(t

determifngdys JUSIRdE R P)aREthe measured values of fl, 2, <pl ‘
and (%%é%%%{t}%s gt%ﬁe,gfggéf%gcw limitedsetQf va&ae_ﬁggri§1§&atihg the

=1,20r3),Nlis determined as the optimal solution of relation (7) (e.g.
invbesr thenminimiioy dba dfwighil S(klotmAdN Wil doHiswelty halather:

words, in order to sqlve the 25 ambiguity of N, the perjodic signal includes .
two fréah%aeﬁbfra}w&&ﬁwgdkdﬁf@?e%%gﬁé.B_a P R [mited

difference givesaigRdqadimited sehpf
For example, if f;=1GHz and f,=1.1Ghz, then k would have a value from
a predefined and limited set of values, e.g. k=1, 2 or 3. Note that k > 0 if f; <f5.
According to the known relation (1) 22N + ¢ = 2nfAt
and by dividing:
(6) 2nN] + @1)/ (2N, + @y) =21, A/ 2nhHAL
and following simple arithmetic procedures, Ny(k) is determined as:
(7) Ny(k) = (Fro1 + ) 27m(6-1)) + Hik/(E-11)

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

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

determined as the optimal solution of relation (7) (e.g. when the minimum of a
truncN; or (1 — truncNy) 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 £ and ¢ of signal portions of both frequencies (that is, fj,

f2> 051 and @2)'
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values for k, and therefore the value of N could easily be deterrriitned by

measuring parameters f and cp of signal portions of both frequencies (that

is, fl, f2, pl and (p2). WO 2007/013069 PCT/1L2006/000861 I3 Fig. 5 is
WOZHER1It showing a sequence of operations 500 carried okft TAk-4{is/000861

determination of parameter N: In operation 510: receive measured

parameters fl, 2, cpl and p2; In operation,520: provide a set of values for

parameter k. for example, k 5 could be p %\7ided. from a reference table

according.to the difference petween f1 and f, (e.g., for a 100NI1-1z . ‘

iforbhe thé SLPSr GO I TAOL 7S DhRS A my by Apicd out for
thORRIHAMABONIBE Setehyeites of N1(k) is determined, using relation (7)

above for the various values of k provided at operation 520; 10 In
operaficp &40.0m & bhtirfas N & (R)dasssrdchagamstens dpdratoriBé®he

selectedN1(k).is rmin S par Faollowing.th 0]
descfrltl%t? N I(r%%%r% ing the Cg\g w?it%%e%:‘gr?gélr{n}l% eﬁ%} ,fg\létys%%eﬁda e \fr%te%( %I%Rle’ k
cdhikl pesiiienitg $igrah TSras-tismessédeabovs ity tefdrentiéftockigsbddeen 1)
and 4a-4c, may include signal portions having a first 15 frequency, f1, and
e ForiOR N R BEB AP EabnES” . VA SR el MUY dflucs
1 @g@ﬁt@ning signal TS as generated, for example, by the positioning
*system 410 shown in Fig. 4b, is illustrated in Fig. 6: The signaémporti_ons _
havin. thecfittpie S foaeessivite neduse twie bh Gndie shrtearbpesl feng relation
enna antenna ayr ing the frequency f2.
o S e reea
not b&n igentitiahid 4 gthd@thoselttéikmistedlbyttide mtider antenna/s. The

e B A M
signafJfigNBEMAEe s RS leBeiPRSH FoseaHeneRd2ipaHiens affesAaskkter N,

f1 portion of signal, and other 25 combinations are possible. Furthermore,

it aehibh b sigeaeporishshargmgioning signal TS as discussed above with

reference to Figs. 1-3 and 4a-4c, may include signal portions having a first
frequency fj, and signal portions having a second frequency, f,. A schematic
illustration of a positioning signal TS as generated, for example, by the
positioning system 410 shown in Fig. 4b, is illustrated in Fig. 6: The signal
portions having the frequency 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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20

additional information (e.g. the identity of the base station, and more)
weonlezhes@mbedded in the periodic signal. The periodic signalpgaeds i9sRose i

transmitted while being alternately switched between the antennas,

thereby constituting the positioning signal. WO 2007/013069

PCT/1L2006/000861 14 It should be undegstood that the phase difference

between portions of positioning signal alternately transmitted by the

differgnt;aptaanas (accorsingianthe warigHsRICHIFRGIIEs aRBessibedtions of

above), is affected by the geometrical arrangement of the antennas.

PeiHABMLFE A IaBatalitdransaidrdchsdths JipEsRIgnAEERderveadsging to

ORI %9&&%9&95@9&%5%9@99%8@9 %%%ke&@%g y%ggxg%etrica1

portion of the same retuned positioning signal. Fig. 7 i1s a bloc
arshogéngeat poSitioningisystesn Foéaecoording tiee grieeenbotferentcofittected for

invention. For, simpljcity, system. 700 is ,presented as having a 'transmit’ .
DB R oA TN CAAS b PO Rrie 5 LR RS D6 ApeRgsienal
R$2Qiand 430yas shemunin fHige 4akNe @ ENPoseneiatingand

switching unit 140, all responsible for the transmissjon of the positioning

signaf 187 ddk &@é@@@%ﬁ%ﬁé@m&gmgﬂa%&}wﬂéﬁﬁ 1W5aacqmsing to
o@@%ﬁmﬂé&ﬁf@Wa%eeﬁa%a&%&“?&nqiﬁ]gaa, n'g;;gsfgm%%oiswrp(;%gsﬁted as

a processing hardware/software utility, responsible for receiving a
hanalyzingthematupast -5 positioniggsignéRS. FheyHleaseadifferenaeray of two

A 3 ity BSCe WHarbre, Fbf S pie. BRAS FreRtaE ond

svwRHERAPLAAS AR Gudaadigialromp arate o COMPAHNY FoSHUBDY sional
received portion of signal with a previously received portion of the 20

T3arRfsiynEcE@ Sorhdh fedCPRBIHEREY eoffsore e Eifoqrimeiand phase
digﬁ%@ét)egﬁgﬁfogrq\ﬂgi%ﬁ %%)Bs"‘iﬁ%n‘i? ViR PEYTRIR, the ighgﬁ chssing

Ifference estimator 145 can bé realized Based on ‘a Modulation-on-
hatevieeslentvmaia eyt Positosing ufdityrd30domprstsrinteriafatsnreturned
determinatiﬁ)t?{ odule 135 for determining the frequency f and phase

io

fkp.
PO B VAR LASBIISNS of the

The phase difference estimator 145 can be realized based on any devices

and methods known in the art for estimating phase differences. For example,
phase difference estimator 145 may include a digital comparator for comparing a
currently received portion of signal with a preyiously received portion of the
same signal (a 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 180 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 T ig. 7) operable for

determining the range of the transponder' relative to the system based on
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25 received signal, N determination module 190 for determination of
Ry ameteiNdsee discussion above with reference to Fig. 5), and position
determination module 195 for calculating the position of the trah§ gha@ﬁ/_{)oosm

Not shown in Fig. 7 are Analog-to Digital converters, which may be
required.Positioning system 700 could al_s?Scpmprise a ranging utility (not
shown in Fig. 7) operable for 30 determining the range of the transponder

i WQ 2007/013069 PCT/11 2006/00086
R e L T TR B roronee

comparisons o Shitted Ahd
seguate cbrsignaisiedviing recelingsange dnfdromation fxashan extetrale.g. external

soyrce (e.g..ext | unit performing TOA/DTOA analysis). Position
TR e LS iP5 S8 PR i e 195 may
PesitiNRhihetanIoeniesRsed Lmhe oBiaHaAteR a0 4BRE8L RS d on the

transponder relative to the system. It should be noted that the receive
AReBHACI A daneB O fitey FaraapRrAcoFRIBT R ArdtsPiRtantennas.
Furtheymars, allwlements. ' a orRLa positioning, device, . .
compact in size an%qéveigh%%%%ggé%%??éﬁ%%é{ig%o %ﬁzég%%é‘% f%rg? fe with
and eivitohitrgrnititl 45teonks b&wehtmtledeby the lproeassioguld btlitytd8hted to

stem 700.is illustrated in Fig. 7 in a non-limjting.manner as a. )
i e G BB SR e B e b B G189l operation
cathbexdntegralehndaddiipralinardwarend sefVERIMEIONY the processing
departing from the scope of the invention. For example, according to one

WSS ah$ien S XRE b ok ing 8y EEierisn ligratb dwRho@Byléteitiner manner as a
PIRAURGHENS RRIBE! 19 REe PN WIh RRRILOBAREA IHRMIANR, can be
e.g. navigation information. Fig. 8 illustrates a positioning method

jategrelind witn eddbidditak haof theeiehtioifshowvinilaoseqdemoeing from the
ope%atio?s@go.carri d 0“;19 agositi%[’ning system in order to determine
o hokiSt i SRR (hnSHARELF TRE BoRriRg PRShGRbOdIment,  the

on of an unkn
ehises thesfoliowinthopetationyv20 1n eperatonds 19 d+RNAKAURG bject to be
periodic signal and switching the periodic signal between at least two .

RYAHERSShHH MARSHHAE-GRRADWHISRRTNS EdlipladiarhpinMemation.

Fig. 8 illustrates a positioning method according to an embodiment of the
invention, showing a sequence of operations 800 carried out by a positioning
system in order to determine the position of an unknown transponder. The
positioning method comprises the following operation:

In operation 810:

Generating a periodic signal and switching the periodic signal between at
least two Spaced-a};ﬁart antennas of known loc;ttions 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 having a second frequency (parameters f
and £, as discussed above with reference to Figs. 5 and 6).

In operation 820: |

Transmitting the signal to the transponder and receiving a returned signal.

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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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 25 having a first frequency and portions having a

W%&%’F’P&%@%uency (parameters fl and 12, as discussed abov&&itH-2006/000861
reference to Figs. 5 and 6). In operation 820: Transmitting the signal to the
transponder and receiving a returned signal. As detailed above, the
transponder. receives a positioning signéa? that has portions 30 of signal
transmitted alternately by each of the spaced-apart antennas_(two, three

or WPe200 THBIGOERRYTHR 20UB/ 0UoBB LN Brthiske s tHanahah hayasey, — or
The.transpender returns [ t s Qr Adifferent ces betw

at q‘rg%%ﬁ?gf%ﬁ%ﬁ%%cyétﬁprﬁ%gng cggiié%ﬁgs%%ﬁ%er%%%s betweercljCS ehveen

porRitionsOf signal trensmifteetibybgiffdiefe anteanssas secsiveddsyvite by the
transponder (this_is discuacsq%d aboveﬁainlgﬂwitl} r_efgreer{c o Fig. 2). 51In

trapgrengfE FoHASIGHEITIARaES M EqUERdRE B Riore) Stici that
portions having fheisanedresency. e switchied behwian (he motehnash that
the positioning signal transmitted to the transponder includes portions of

pottherfirsiafraguidhey salreen ATeHLGRRE Kt 8 B AIET REHRMNES, aigpnas, the

ttions o the, second frequ Eansmites byl ohengr the first

P O§ e%lﬁﬁssfﬁgﬁsscfﬁﬁé}%ﬁ(%?lgdﬁﬁ Fe?g. 6). %%drggéned sigkr)l%l, therefore, v

freqasiies-phasa diferennescnredspynaihgfidhhedivisang.seodngortions of the
frequencies. In operation 830: Based.an measprements of phase . _ .

secHiTer GAGHETSBURUSHEBR o T2 BT B b S Bl AT Lustrated

in g%e.%ﬁt@ﬁé’féﬁﬁ'ﬂ&‘f‘W?&f@@ﬂb@,t@aﬁﬁ&slﬁﬁwﬁtdlﬁféi’eﬁmacﬁﬁrespondmg
i

erence estimator (element 145 shown in Fig. 7) measures the above

 to thedtisheadprresadifie@redparameters f and cp - or fl, 12, (PI, (P2 are

me uge%rgét%i sed with reference to Figs. 2, 3, 5 and 6). The
posi |on|%g ucﬁlty element 180 shown in Fig. 7) determines the orientation
of thBatrahspondessetativerts thé phswmdiffagsstafdraiatsn apoiiane of the

R B S ng SRR RHES BPH VALY RIRE e
system. The phase difference estimator (element 145 shown in Fig. 7) measures
the above mentioned phase differences (parameters f and ¢ - or fl, £, ©1, 0y are
measured, as discussed with reference to Figs. 2, 3, 5 and 6). The positioning
utility (element 180 shown in Fig. 7) determines the orientation 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 systém and the signal returned by the transl;onder,
determining the rarge of the transponder relative to the ?ositioning

system.
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30

comparison of the transmitted signal and returned signal, or from an
W x%g(ggaﬂdmao()urce), the position of the transponder can be easily determined

ased on methods known per-se. Sequence of operations 80 %QVQ%(){)OOSGI

comprise one or all of the following 25 operations: based on TOA (Time

of Arrival) comparison between the signal_transmitted by the system and

the signal returned by the transponder; %t‘ermining the range of the

transponder relative to the positioning system. WQ 200 /01130}(?‘;9 £

PCT/ITCROUEI800867 287X 8eeiRgUrom BrOERBHIE SOUTLE forfidio R he

ahout Ing.(BAAe:0! g Ansoner selivRiin e asiionig ssiemiang the

determining the position of the transponder. - comparing the position of

the trapsgitinderfitith ositjmmitdormation of 5 the position of the

transponder established using PGS (Global itjoni :

INS (IFSFIRPRER %%Oélfﬂs%grﬁ sygtg%%?p%gg%%%g%%%%ggs@g@%%ém of

accuragy. obsailpositien informatigronTbe invertiishwds desibBE falijobal

with reference to a ground platform, | swld be noted that the invention i

also aé’ﬂ%‘éﬁ%ﬁ%rﬁ?’%?ﬁé AR e dDborhae ageﬁ%yég?%ﬁﬂ I%%SFS ired oS,

ateratigns. g0d medficaions. HaaRenipncsois alspbmicalizaganson

hand-held mobile device. The present invention could be integrated with a

celluBbcameniiioatios deswdrrdanpirdy SUBBoTERg GEsgrashsRiaatform.
services. Typical ellular,_ commupicati i gEigl, _ :
R A
veEREMRONETHS (Ryregllisia altbeastostatiod, inofiiflivafivansmiting/rectivingould

equipment), serving the mo&ile o{n unication devices currently located
al ypithr 836 6% 38 TR gfﬁ%dﬁ/ ‘diifer network components (e.g.

othergell Sites; ceniyah GBMRANENIS: Sifaaash wishile cedmmubisatiamication
device communicates in a timely mariner with its cell site, .
network, e.g. for supporting geographically-based services. Typically, a cellular
communication network is formed as a grid of cells covering a service area. In
each cell there are provided network components (e.g. cell site or base station,
including tfansmitting/receiving equipment), serving the mobile 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 marner 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
antennaé and switching the control Sigﬁal therebetween, information about the
direction of the mobile device relative t@ the cell site can be established.
The present invention could be integrated with other posi’gioning,sjystems
(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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20 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
WO(&?P&M%?\) of the mobile device within a cell is unknown to B Retios0861
For example, as is clear, in light of the detailed discussion above, by
proving a cell site having two 25 antennas and switching the control signal
therebetween information about the diré€tion oz the mobile device
relative to the cell site can be established, The present invent C_Oerd be .
accionéip@ed tEeiEi o StithnRysRasrd @9@%@351%@%%%%%{]&&8 Rigromine
if &Vesg% OST%%% Q@e[[ tigl Nayigatign.Sysiem jn pesdeaiovalidataithositioning

readings ofthose other positioning systems and assess their 30 accuracy.
infhenei@mples byresamparngihiopositdd cflap dijessadtdanisearsintng timed

. .2007/013069 PC'TI11,2006/000861 i8 according to tp%fg tion-with g

mf@ﬁ@t?&%&b?%’&ﬁﬂo##%%sﬁb&erteomd%ﬁeerﬁﬁ%{ee%}gﬂ]e giﬁg%% gy IN

devaained or deceived. By providing accurate positioning information, the
present invention could also be used for cqrrelating timed.. inform

atio .
et RGP S FREHE SRR 18 oY B RS Byiagribed
abc;r{;ee % ‘1'8&’1%%(3%]‘?9&&8&2595?9&8 theasnonspenTigHEagrRsdasesiagtbcted
above, prowdes | precision position measurement_s. The recision 1s
by affiectadgbydhefremgmoldsequéntics, aledit thalealr tHahst ncies, better

frequqncies, better _precision is yielded. Ho | r videoe 1
Pr%%rléy@t%lﬁ]efﬁan&g?%%ef ’151fr0er((:%)é(:1t8i sr\%griégréega%%? ﬁgﬁg%%at While 0" C
fredlihR Ko queneyiande Noabauitheiiir: dritiecofiSitedhGSpmaasiigsion K3tz

_required; this limitation is decreased.at lower. fre uter%mes. T#e Premaﬁlop owe
Lits fofthete 4Fétac iy aa Ga ey o 5 BPHE i A58 TRch Ardower
freé@%gggst.oﬁ 25%@%@0%\%%&{39'5%{&9@5&@ isegelygvestiie array of the

eraging phase measurements over a period of time Eféig.‘qver 115 . .
antesets). Sysik mesrorsumisiiimal aeTHBARsSTHitdedAS EEiApRn JRFtsion 18

eceivey _errors zcajndoto orrelate readings fr ifferent receivers. The, oyer 1
ac%’(?é’l‘?l%rf??fgaélﬁ?ér}ﬂtagc%ar%ﬁn%l?gsﬁ%rg r\x}é%%%g) Rggglfl%é)rat}ions escr?t;gd% over
msec.). System errors are minimal as there is no need to compensate ff)r receiver
errors and to correlate readings from different receivers.

~ The positioning system, according to the various configurations described
above, provides high update rate. The update rate is affected by the width of the
periodic signal as well as by the length of the switching cycle (i.e. the length pf

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 ;ate 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 stl‘?onger,tﬂhan the
GPS signal available in most areas covered by the GPS system, and therefore

stronger signal is required for jamming.
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above, provides 'nigh update rate. The update rate is affected by the width

of the periodic signal as well as by the length of the switching cycle (i.e.

the length of 20 time needed for transmission of the periodic signal by all
WOIEHNRLSh the antenna array). For example, by setting the Rﬁ%{ﬂx&ﬁé@ooosm

IGHz periodic signal to 1 insec, and the length of the switching cycle to 4.

cosec, a 100KHz update rate is mainta ned. Note that high update rate

provides better navigation precision and Yetter signal-to-noise ratio, and

consequently, larger coverage area, 25 The positioning system accordin

to tﬁélpr@é@ﬁiﬂﬂe‘ﬁﬂ@ﬁl%%&?@r Vﬁf‘@té%f@@ﬁ@%i?%%%nrﬁ%%ém‘?mmgly to
positioning sign il ] tedyvjibiadhe aonRrageenti
Mgﬁgéagﬂ%g%o%s?t h%ﬁ%%sﬁfe%qﬂa%ﬁsme GPS signal availableen on
is ibtmestedeasitevexerhblifid GRBisystem aaddcmabhnemplerger digngother

is required for jamming. WO 2007/013069 PCT/1a. /Q00
Do Eh o 2 QS ERB T B e S CAE AS A g o fyetea
Fudiation: ofifteqensirmol:abeut kEhad ltsheiddthematedtibatifietion and is
invention is not limited by the exemplified frequencies, and could be .
aprBpidydd atohgtBeReoTIo RO PREAET SRt SRl SE G acouste,
l,Eealseoc:tgome%jnetic radiation spectra. 5 Furthermore, the invention is not
WHENRG: o electromagnetic radiation and is applicable to any other form of
profagasingpiiaity; henpcsiteroin SoEH aB acpicingtasoaiosgtkpdiments
simplicity,.the positioning.systems, agcardin vari i f
of the IAVERHGH: \%’&rg %8@8%}% aassssst)i]gna%?gr?gs g&éﬁ%ﬁﬁﬁt s ou?dgt’iﬂr%?gdthat :
podliatiAntORepitioningsystem;Aesorting it the inveltion, toajtded with other
integrated with other systems, e.g. otherf%?snlonln systems

sy diestionSin OERET rAPSFEYRRI S 3T ha m%nﬁ#% rg%%ﬁfegystems and
lterafl Ificati - 13069
maggﬁgﬂ%gﬁgg%‘ggg%%@%wmﬁ@a@ WIS E WA 20070,

U CLAMS:
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1. A system for positioning a transponder, the system comprising an

antenna array of at least two spaced-apart antennas coupled to a LLOYD WiSE

wornmonigenerating and. switching unit, said generating and switshingos/000861
unit is configured 5 for generating a periodic signal and switching the
signal between said at least two antennas, constituting a positioning
signal transmitted to the transponder; thepgystem comprises a receiver for
receiving a returned signal and a phase difference estimator coupled to
the receiver and operable to measure phase differences between
orti of the returned signal; the system further 10 comprising a
Cgb‘gm%?ng utility coupled to said phase difference estimator and
configured to determine the position of the transponder relative to the
1 positiodingysystenfo?. positstemaceotdingrtorCieim thevisgréimtheomprising an
determination of.the qosi ion of the tr nsg)ﬁ%gder includes detiagcrinipéﬂt[aon of

R Ble AN B fhe (FARSHERACP 5t :§hmon

n%ﬁnnas COU
e 10 thé positioning system.

. obnBYSIRID aseosHNGRMmElaim lswleseinctac detenmipatiohoithenositom figured

of the transponder includes determination of the range of the transponder

foRRERRTAONEE PESIAEHInE @R, T44ehiBg s AIERMO B iGrR anid at least two
aﬁ%@ﬁisegﬁ?ﬁﬁﬁﬁ@ the positioningalgnal dransmitted by the SYstepbARL:; the

ignial returned by the 20 transponder. 4. A system according to Claim
syistenereimtipeideteminativrenfitte mesitiongof therganspdndigniaklegdsa phase

d%é%éﬁ%%ggﬁﬁéngﬁ f:%a%;ﬁe%f the fra n%) onder raeglaalivcgpetxoagqga%g tio%isrﬁge phase

10N received Trom a source extern

dsystensabosiiiRedangeeidhe trAnshendetusiativesigithe syistersy@e:h. Aurther
system according to Claim |, wherein said perjodic Si

nal ipclud ‘
COBIBRNBYIRG IR RS AeHEycaHE Forfo e Kad %ngé%%%%lﬁeg'cﬁﬁmcr and
LR RW ISR ML U 3G E G F M2 HABQANRRT rddtivEeHiBRSpositioning

having the same frequency are switched between said at least two
seffaced-apart antennas.
2. A system according to Claim 1 wherein the determination of the position
of the transponder includes determination of the orientation of the transponder

relative to the positioning system.

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 relative to the system.

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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6. A system according to Claim 5 wherein said first frequency is in the

range of about 1GlIz or more and the second frequency differ from the
Wiseorecueency by about INIFIz. 7. A system according to anyepg0ftR%eess1

preceding claims, wherein said spaced-apart antennas are coupled to

said generating and switching unit via substantially identical feed lines. 8.

A system according to any one of the preegding claims, wherein said 10

antenna array comprises four antennas in a tetrahedron form. 9. A system
pateerdingiadfslain Liirher confiaured, based on the Setemmingtioniofeast two

the position of the transponder, to transmit the transponder position
spetatédimidranatiornsl0. A system for determining the orientation of a

transponder relative to the 15 system, the system comprising an antenna

g array ohatleast two spaced-apait, atennas.coupled 08 GORMMAR o 55 in the

generating’and switching tnit, said generating and switching uniit is
raxgdigfreddor dénBratimgraque riottic thig redcand] svitghempthéifigndtom the first
fbetweenegaidbat Ig 0 antennas, constituting a positioning signal
"FehEhTted R he onder; the system comprises a receiver for

receiving a 20 returned signal and a phase difference estimator coupled to
7the rectiveysana epsratiestdonaas wagpbdsihdifferendaschetaiesy wherein said

ortigns of the returned signal; the syste fgrther omprising a., . . L
SRASHHRAG TS EBIp 8 (5 QAR P e el Wi Gy Siching umit via
swentarad taidetrrniRe dheesientation of the transponder relative to the

position of the system. 25 1I. A system according to Claim 10 wherein

said periodic signal inclydes. portions having a first frequency .and . .
8 portion& heXAHGTh GBI RebLERY, PDIOYD WA SECTE G H S0 ggerein said
afterntld2006/00988dsPrrtions BRvRGANe s ame-Hes §hey are switched

between said at [east two spaced-apart antennas. 12. A system
according to Claim 11 wherein said, first Ee uency is in the range of

9about FSHY BPRoAS ST S&d Sedoktifredu frfet Ik fipgged on the

determination of the position of the transponder, to transmit the transponder

position related information.

10. A system for determining the orient/ation of a tfansponder relative ‘to the
gystem, the system comprising an antenha 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‘differénces 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 sysiem according to Claim 10 wherein said periodic signal includes

portions having a first frequency and portions having a second frequency;

LLOYD wisE
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5 frequency by about IM Iz . 13. A system according to Claim 10, wherein

said spaced-apart antennas are coupled to said generating and switching LLOYD Wi

unit via substantially identical feed lines. 14. A system according to Claim
“118 WhEEIRLaid antenna array comprises 10 four antennas inRCT/AL2006/000861
tetrahedron form. 15. A method for positioning a transponder, the method
comprising: - generating a periodic signal and switching the periodic signal
between an antenna array of at least twezpaced-apart antennas, of
known locations coupled to a common genzrating and switching unit; 15 -
poansmittiy the slynahto¢hé tq@rapondee aswliteheiibgtaveeturped sighedst two
- based on measurements of phase differences between portions of the
SR "ea@g‘%ﬁﬂ “HBEE mining the orientation of the transponder relative to
the system, 20 thereby allowing the determination of the position of the
Iikceiverrafptiventactie dingjtionDR Bystemyherdihesaidtiiogtaequaingtds in the

Claim 15 furthe prising: - based on TOA (Time of Arrival).comparison
Ihdveend ngig{@%z?ﬁ% & B¢ ﬁi’édsﬁgfém%ngéeﬂlr?%?angi%%ﬁr' yhe first

ffageapstendsbuB\determining the range of the transponder relative to
the positioning system. LLOYU I~IISf4 1?. The method according to

{ laim ;‘gofurther comprising; receivin Fro:g@an,exte,rnal source

formattory SSTUEARTdMse B tHatirahpdiesr Reiatib shac Houtisnifgoas are
cOYIRM, RndseteenininchhepositpRatiBeuHANSRERAB 1814 RENRL feed

according to Claim 14 or I5, further comprising: comparing the position of
lipestransponder with position information of the
14. A system according to Claim 10, wherein said antenna array comprises

four antennas in a tetrahedron form.

15. A method for positioning a transponder, the method comprising:

- generating 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;

- transmifting 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 thé 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 transponder,
determining the range of the transponder relative to the pdéftioning

System.

SE
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position of the transponder established using PGS (Global Positioning LLOYD WISk

System) and/or FINS (Inertial Navigation System) systems, thereby
allowing assessing the 10 accuracy of said position information. 19. A
method according to any one of Claims 15 to 19. wherein said periodic
signal includes portions having a first fi8quency and portions having a
second frequency; portions having the same frequency are switched
betweerhsaict@blbastdwiingpadediaphitiutthantennasi2®. A method
according to any one of Claims 15 to 19 wherein said first frequency is in
the rangecdfialhdutrh GHzermbreuand tiiesetond fregubacyndiffer fromtansponder
the first frequency by about 1 MHz. 20 21. A method according to any
one of @laims b4 lte POsitidTenginysaith ante st arayn cdmprisiis fouir the
antennas in a tetrahedron form.

transponder.

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 trahsponder established using PGS (Global Positioning System)
and/or INS (Inertial Navigation System) 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 a 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 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.



