A METHOD AND A SYSTEM FOR DETERM NI NG LOCATI ON PROPERTI ES OF AN EM TTER
FI ELD OF THE DI SCLOSED TECHNI QUE 5The di scl osed technique relates to

| ocati ng wonaefigkRs, in general, and to nethods and syspe¥ELIRi0feier m ni ng
| ocation properties of an emtter according to non-conmon pul se trains

received by receivers, in particular. 10BACKGROUND OF THE DI SCLOSED

TECHNI QUE Known in the art systens for determning the | ocation
of atransmtter, such as a radio transmtter, enploy the timng properties
of received pulses for determning the |ocation of the transmtter that

transnitted the AUMEIHORBANBASYSTEMFOR DEFERNMINING LOGATIRNt i on of a
15 transmtter is, for exa 1 0y tion of an energency
transmtter |ocated on a l%ﬁpﬁﬁﬁﬁgaﬁ‘g&g@ﬁg&t her exenpl ary

application is the location of stolen cars. Acar is fitted with a
transmtter. Wien the car is stolen, the location of the car is determ ned
by | ocating the transnitEklD @f THEODISCLOSED TECHMNMQUECat i on is

determning the location 20 of .a wW.reless transmtting node in a network.
This exenplary appl ?’I&ﬁ‘i"aﬁ'OPﬁﬂ|t%%IH§%%{%?¥ﬁsn‘PHaC%tH@ Pgéaiait(?fﬂ"bge%e'@bl | ul ar

t el ephone in I dejreq Sicnt t d eina
W Tol 655 ad has er i eI P kanAng 8o prBPefes ol 3% o
det er mi ne t hemitteraa¢centdinlg to noarsommper palse, traios recaiveldeby treeeiVerss i6f

Fl i ght net hod rg'i (B TOF - the 25 propagation tinme of a signal between the
emtter and PAECHE ei ver), the Time Difference O Arrival nethod (i.e, TDOA
- the difference between the tines of arrival of a pulse at different
receivers) and the Angle O Arrival nmethod (i.e., AOA - the angle from

whi ch a g0 gnal was r BAIKGROQWND OECHIE DISCILQSEDTEGCHNIQUEr ence |ine).

30A transmtter may, emt a periodic pul se. Alternatively, transmtter may
enit a periodic pul Ot"‘f'}ali"r'ﬂ.ﬁ‘ﬁe]a ré)ﬁ%@"?ss o Weterining #@39@8&@ wWigh is a

h ic il i [0S ; ; d 52,
schemati ¢ il {ragdrhiter0Bush 4\ r@uhoserahglﬁwér, &ﬁﬁﬁ&aﬂhbytlﬁﬂgbfmggsﬁn

which are known in the art. Each of pulse trains 50 and t hree
pul ses. Pul skeceivedn Bisesndbuddetepnining $e, 16Gatiomd of #8 Pahsmeitter athat54

i ncl udes pul 6 2.and 64, Tinme interval 66,i.s the dyration. of pul se
train 50 andﬁsﬁ{ﬁﬁﬁeﬁt the yisgs QN applicetgn & detepnining ;{I?%ikﬁcag?” qﬁ@
durationiof @amsthitertisaifor Wxainge, Helfiififlg! hd S6@itRA beraeméidepy Trai n
Repetition Interval' (PTRIJ. Time interval 70 is the tinme interval getween
pul ses 54 arntfiamyniftes lacated rrerad alife7paft son e lifgbeati nt Anothierbexerplary

application is the location of stolen cars. A car is fitted with a transmitter.
When the car is stolen, the location of the car is determined by locating the
transmitter. Yet another exemplary application is determining the location

20 of a wireless transmitting node in a network. This exemplary application
includes determining the location of a cellular telephone in a cellular
network or determining the location of a node in a wireless ad hoc network
(e.g., WLAN). Known in the art methods, used to determine the location of
a transmitter are, for example, the Time Of Flight method (i.e., TOF — the

25 propagation time of a ‘'signal between the emitter and the receiver), the
Time Difference Of Arrival method (i.e, TDOA — the difference between the
times of arrival of a pulse at different receivers) and the Angle Of Arrival
method (i.e., AOA — the angle from which a signal was received at a
receiver relative to a reference line).

30 A transmitter may emit a periodic pulse. Alternatively, a
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io pulses 56 and 58. It is noted that tine intervals 70 and 72 do not
necessarily exhibit the sanme tinme duration. However, pulse trains 50 and 52

are i dentywpabiiiskdzsr espect to the nunber of pulses in eaghpploipbdosss trains
50 and 52 and the time duration between the pulses in pulse trains 50 and

52. It is noted_that a pulse train may include at |east one pulse. 15 Thus
the PTRI reduces to the Pul se Repetition Interval (PRI). uU. S

Pat ent 6,933,888, to Schiffmller et al, entitled "Milti-Ship Coherent

Ceol ocation Systent, directs to a nethod for ascertaining the position of
an emtter dearsraitteg may Emit i pedodicepulsectraipul Keferancievisngpwtmadeitect i ng

receivers. The collect. recejpvers. not see.the sanme 20 pul ses.
Accor di ng tolj-q@ng %Sﬁ%’&ﬂgﬁr%éﬁbﬁ"{%cgﬁxgﬁﬁ'qq ﬁ?lth&p‘é'tseatf?'"éagﬁnE@"Vecti ng
recei vers aceféfenabesn and &2s wiike apé KhWnSinthe! H€CIRHRH HUHISE trafh 881 ti On
of the-emtter is postulated and the expected TOA of the pulses, at the

| ocati ons ofanth&2rivekidesrtbreg pulseser Rulsedraimh&0 indidides pulsestzt, Vi antdhe

actual TQA' s-gan e . TOA! s e used tp. determne a w

post ul at gg p5083i ?')il}(%ge ggﬂfhg 'gﬁ?’?%r‘?“'ﬁ%ﬁé; 6?h%"$§§t u 'gfeeﬂﬁgﬂfaf ?Qr'slntE@ati on

that m ni ni z@sratibe dfipulsy #aRES0 BAHVRRS itBAyAE8U-Ithd Qirstich8f biReRpshul at ed
TOA's is deternmined as the emtter | ocation. Each receiver can neasure the

TOA of a pul® fihendurationrnfia Pulsshirainewilbbe referedd te haeeinaiteroasn drulse

receivers. seat | t] " S I ter,Estimation for

Peri odi c Po?ﬁr;g%}f’rl:g estlstﬁgi Igﬂ(r?l(gtrlvgP 'ﬁ\%ﬁio rﬁzﬁﬁ\gaﬁ%@g??@t |Sc§h‘e Et'S”GEI'?t&ﬁvaét al ,
directs to @eteickapulsss 84tandess agd Titke phesal 26k tHd e iMBriandwetna data
sanpl e, which may include m ssing pulses. Gven a sequence of pulses, with

the TOA ¥ t HiHee¥ SGatl efent!t 7omated  thahstimeniséervalso 78 andcl@ do not
observation ri)élfe%@ﬂ%%ﬁ@@tﬁ@sggm%;ﬁrbae?d;lfrghoﬁ: HOWEVE By %%%i?lé%?ﬂg be 5

regarded as bel ng aroun e of a crrcunferenc o the
f ol di ng per 582 ard@hdepticaneitie respéctt foe tHkOMusSIsRrest pules! inbeadietdr piilsed
according to the stati %ti cal distribution of the TOA about the periodic
sequence. THIRINS 50 and 5¢; anq thg timsndyratiopbetriges the RYlses iy pelsedraias a

Gaussi an di LAHtdHN |t ich t ol i I i nor mal
i 0 phase di ?%O; ?Eﬂtfls%n It\Mfst ﬁ&gdntgghfa?ﬂ)\gﬁgg%ﬁegrf]l r%@égué%eét%l%a% %‘%%@&% mat i ng
? and s?1sonel uanthetP dRhredlitcesdo dbe dfulsenRepehitiph frtena PRI t er vari ance,

SUNRRY CF THE PRESENT BB OB T e et gh et Mg siee o "
S oue”" R ioPaBIL bylon AGAE1E% Stk My
position of an emitter according to TOA measurements of pulses arriving
at collecting receivers. The collecting receivers may not see the same
20 pulses. According to the method directed to by Schiffmiller et al, each
collecting receivers accumulates an ensemble of TOA’s of received
pulses. A position of the emitter is postulated and the expected TOA of
the pulses, at the locations of the receivers are determined. The
differences between the actual TOA’s and the postulated TOA's are used
25 to determine a new postulated position of the emitter. Thus, the
postulated emitter location that minimizes the differences between the
actual TOA’s and the postulated TOA's is determined as the emitter
location. Each receiver can measure the TOA of a pulse from the emitter
on the same timeline as the other receivers.
30 The publication entitted “Robust Parameter Estimation for

Periodic Point Process Signals Using Circular Statistics” to Elton et al,
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5 for determning |ocation properties of an emtter, emtting repetitive
pul se trains received by at |east two receivers. The nethod includes the

pr ocedur r LVing the repetitive pulse trains, by | east

t wo receie\\%(e)?glléﬁggrkecor ding the Tine O Arrival (TOA) of%ggfé%&gﬁ?"g? in the
recei ved repetitive pulse trains and determning the Pulse Train Repetition
10 Interval (PTRI) of the emitter. The method further includes the
procedure of determi ning, for each receiver, the TOA-phase of each received
pul se train according to the PTRI and the TOA respective of each pul se
train and dedieects o rgmetiord Erodstineaterigr €#0A phass padtjitiee vahahes be bi ¢dtiac

TOA- phase curve of the respectli%éa repetitive pulse trains received thereby,
accor di ng 153?’89%@’%!?%@@9 Bussing Pwses. hsivert aj seawenspafinulses.pul se
trains. The grihpd fOR0s tAetdHEBabR S HCFOW & %nsﬂ;‘?h Sl nég’c(ifcﬁfarea(:h
pair of receivers, the location properties of the emtter according to the
char act er i stdokserdatigrh dsrughr a deldiregs ppetation (ife. pthe §0A aleguienes aiarebdeby each
receiver. 20ln a(géﬁ)ragg)nce wi t h apot her asrﬂgct of the disclosed technique,

there i s 1 hu€9gf SN WERRRRG Broumck 2 £HElgi 9f @ Fiscubiesanss eguakipdbeot an
emtter. Th loacl CEHE e OF

A val (ToR e BeeRe TG B e O R FOI Sy Hlog G b Hpfrfhifee
det er m nat oraccardingatn tbeestatisticalt distrifititionTOA-thbat©Adabeutrithat periedid a 25

| ocation properties determngtor,. The at | east e Time O Arrival (TOA)
recorder is TOUEE wi' St I‘Tgﬁﬁ djstrytiqn,of rtE‘éeT&g‘r% of the seanenge:isr & nat or
i s coupl ed vshiis$iaR dtribaaSH, HBA, E@Afdlﬁﬁﬁf&fératiﬁglékﬁg at\}()r%ggled%[ﬁgﬁfalone

TOA- phase determ nator is coupled with the PTRI déterm nat ocation
properti & dehasendlistiibptionsvitio aphednwist dned actar@incelmy. aThusalsy estimatig

har ristic_TOA-ph r.mn rr. Eagh | r iver
characte Stuq?an cq,por?ésgar?%%am es anOates o?fhe ?I)Atpeasaéam?ﬁ <tar \t/é’\rlf)ancee(.:e ers



receives plurality of repetitive pulse trains froman emtter. The at |east
"'one Time O Arrival (TQA) recorder records the TOAs of each pulse in the

pluralit f tive pulse trains. The PTRI determ natehrsgtElopnes the
PTRI of m@zo{]ﬁgg?ral ns transmtted by the emtter, accordl ng to the TOAs

of the pulse tgains received by one of the at |east two receivers. The at 5
| east one TOA-phase deterninator determines the TOA-phases of the pul se
trains received by each of the receivers respectively. The at |east one
characteristic TOA-phase determ nator determ nes a characteristic TOA-phase
curve of the pul SGSMWMABYr@EdeE'RRESEI\HaBISGLCXSEDFIMHNGQUE according to

the respective TOA- hases respect.l pu e trains io received by
each regei ver. For i E qfhé‘eap'qc niquesitg eprevidena neealt i on

properties dekéidd %ﬁﬁoéysﬁjéerhefomd?ﬁémtuh C(flofcfaﬁ{)ﬁr}ﬁSggﬂFe‘é’egpaﬂ%%me

characteristic TOA-phase curves, respective Facd; gaemiterpd "pair of
receivers. 13cCcoBRamEce Dﬁﬁdheﬁsmbéﬁtédﬂﬁlm\/thbl@ls thus providehe neéthetosed
ted npre fully fromthe foll ow ng

tech Wi under s rec

ot | ad HecF dHe R ak oG aAR dERPBies: WA erHtEh < BHI FgBoUtivorpHISE:
SFigure 1 i Stréin§CFé%!WécP By la¥Sieast @b Rafcetl\YQspU'“ﬁ'?e thEtHoR | M’{fuc‘f& % Known
in the art; Figure 2 is a schematic illustration of a sys em for
det er m ni ng RreReedEst ofowcpivipgthe repetifivapulse traies, byeash thie e tbash two

7O Guroc ABRRCLEEE SieinBnpRIT e T b3 F opRicd ST
received repetitive pulse trains and determining the Pulse Train Repetition

10 Interval (PTRI) of the emitter. The method further includes the procedure
of determining, for each receiver, the TOA-phase of each received pulse
train according to the PTRI and the TOA respective of each pulse train
and determining, for each receiver, a respective characteristic TOA-phase
curve of the respective repetitive pulse trains received thereby, according

15 to the TOA-phase respective of the received repetitive pulse trains. The
method also includes the procedure of, determining, for each pair of
receivers, the location properties of the emitter according to the
characteristic TOA-phase curves respective of pulse trains received by
each receiver.

20 In accordance with another aspect of the disclosed technique,
there is thus provided a system for determining location properties of an
emitter. The system includes least two receivers, at least one Time Of
Arrival (TOA) recorder, a Pulse Train Repetition Interval (PTRI)
determinator, at least one characteristic TOA-phase determinator and a

25 location properties determinator. The at least one Time Of Arrival (TOA)
recorder is coupled with the at least two receivers. The PTRI determinator
is coupled with the at least one TOA recorder. Each of the at least one
TOA-phase determinator is coupled with the PTRI determinator. The
location properties determinator is coupled with each of the at least one

30 characteristic TOA-phase determinator. Each of the at least two receivers

receives plurality of repetitive pulse trains from an emitter. The at least
-4-



trains emtted by an emtter and received by receivers, in accordance with
an enbodi nent of the disclosed technique; Fi gures 4A and 4B are
schemat i Gypl ion of timng diagrans of pulse trai i y
receivergwpﬁbg?%%%gance wi th an enbodi nent of 15 the di?gFgggﬁhyggﬁﬁique;
Figure 5 is-a schematic illustration of a nethod for determning the

| ocation properties of an enmtter, in accordance with another enbodi nent of
t he di sclosed technique; Figure 6A and 6B are a schematic illustration of
timng diagrans 20 of pulse trains received by the receivers when relative
nmoti on exi stendFimedf Ahivat(TOA¢recsrdet fecords ¢hey TOASI0REGEH Paresintheh a
further embodi nent of the. disclosed techni igures 6C, 6D

X F
and 6E are SEIHE%SY of rﬂP@ﬂQ’@r%‘f'ﬁ%ﬁ@i%- J@ng-%&&eéﬁrﬁ‘iﬁé@ri@ta’lﬂgiﬂﬁédhée with
a further enbogy gRH Pfélsbqf%ig%?r%{n%ﬁ'ﬁﬂegiyttﬂgrmhﬁ‘%?;according to thg"g;ﬂ\gs A,

7B and 7C are schena i rations of “curves detefrm ned according to the
TOA- phases off el palserteains reecieed dxyy biye tdiehe extdesstr tvoviieteiceeckThe at
irregularities occur, i ccordance. wit h anot her enbodi nent of the

h
di scl osed t JERARE §RE:; Tg‘ﬁgpﬂase determinatqr; ggiesminess the sERAmaRases of dber ati on
¢ Chod el . . ’ .
operatve i i heg AR PeLhiDdh b Coactt BT 1R rBESPE (eRDeBl @D, Tt sElepst
t echni que. ®IETAINAEACtDESERITTOAMNaSE deereiabr MetgSnines a charadteristicscl osed

t echni que ow. omes the di sagvant ages of the prior_art b roviding a
et hod and_ o] QRSPEAS BHN@PEHTR RGBS FESIBEaREUHS BF 8RR A dB GPoaiers,
el ect romgne&ddarmpeﬁ; o trbSpedthal TOR-DRaBYS S8shESHVE of ﬁhﬁeﬁakg%m a
er y the pulse trains.

receiver. The emt may be a transmitter transmtting
The eni tter neapivedshy backreeadiverct bor each pafdfdbe at idast jwbgeceivars)ghéi . e. |

that are produced by a transmtter). The |aqcati,pn properties are related to
the tnming ARG dipBeties drtermiater debunnpar 66, iBhancerRasteet ifing
charact eri stitafadlcfisfé TIFA-phaSB RURFLL T SheGivE i SR civer i€ the pair of

receivers.
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I 0 characteristic TOA-phase curve. Furthernore, the timng characteristics
may further be determ ned according to either TOA-phase, or characteristic

TOA- phas bot h. The TOA-phases and the TOA-pha E800f; t he
recei vede\ggllﬂsﬁe/ﬁtsfeg’?ns are determ ned according to the T%ng%%Mt/ﬁoeo %TRI of

the received pulse trains. The timng 15 characteristics are related to

| ocation propeities of the emitter. The term 'l ocation

properties' herein relates to the actual |location of the emtter or a set
of possible locations of the emtter relative to a reference coordi nate
system The term' | ocat BRIEprDRSCRIPTIONEQFf THERRAVENGS herein the notion

properties of the emgtter relative the reﬁle' ver. The 20 term ' notion

properties' relates e pé?céﬁsle\fje t%‘iﬁ']'%‘r‘neﬁ@ enupdersiopd e aparesiligdone of
the receivergord hfyt f6M thEDNSRiRY 88eiibl G‘o%'scfigﬁorﬁ Yhkd¥E T %j@ﬁ&i&rpvfi’thset of

possi ble trajectories of the em In a refrerence coor ate system The
syst em accor tiendratvingshie whisbt osed t echni que i ncl udes at 25 | east two

receivers, each receives a plurality of repetitjve pul ses or repetitive

pul se tralns eni tte?'weaﬁ'i‘?ri @F".a){*?H&“%tQ&Oé‘rﬁgr%EH@WF@”%&“'&F qRe

recei ved pul iggowh # the &pd determ nes the PTRI. Thereafter, the system

det ermines the TOA-phase of each pulse train received thereby, according to

the TOA of each pul fégurea? iis anschersaiT RlustrationTdla syateen ifer d6tettatimingi ned

according to,the residue of ,the division.,of the T f the pulse trains b
t he nulnbgr ofep aeis'glnc&m?%ﬁ'eﬁr Iélﬂzleé'ﬂ'gﬁf’ W”?@%ﬁai @ﬁ‘goio%@ﬁ%“vepdpse d

trains. In CAQ@rddREcWith diteibBBirAghiSof the MidOSE fcpRidlic?g to the PTRI"s
and the TOA-phases are determ ned according to the TOA of the pul se trains

on the wtapped ti nmeFigures Iheargl SBearalencexemplar tithiagadiagramtaofcpdlies- phase
of the pul Setréihgier}ﬁittegcbcyoérq ierrlrgitttep a%Q%E&.’%B rb‘%/sls?aséeivers, in accordance with
an embodiment of the disclosed technique;

Figures 4A and 4B are schematic illustration of timing diagrams

of pulse trains received by receivers in accordance with an embodiment of
15 the disclosed technique;

Figure 5 is a schematic illustration of a method for determining
the location properties of an emitter, in accordance with another
embodiment of the disclosed technique;

Figure 6A and 6B are a schematic illustration of timing diagrams

20 of pulse trains received by the receivers when relative motion exists
between the emitter and the receiver in accordance with a further
embodiment of the disclosed technique;

Figures 6C, 6D and 6E are schematic illustrations of curves
determined in accordance with a further embodiment of the disclosed

25 technique;

Figures 7A, 7B and 7C are schematic illustrations of curves
determined according to the TOA-phases of pulse trains received by the
receivers when clock irregularities occur, in accordance with another

embodiment of the disclosed technique; and



5 of the pulse trains (i.e., the characteristic TOA-phase represents the
TOA- phases of the received pul se trains) respective of each receiver. The

| ocati on \pb%ﬁr/ﬁﬁg of the emtter are determ ned accordi-Rari?1bie73
characteristic - phase respective of the receivers. It is noted that the
each pulse in the received pulse trains may be nodul ated or un-nodul at ed

i orepetitive pul se trains. When rel ative notion exists between the
emtter and a receiver or when clock irregularities occur, the TOA-phases
of the received pulse trains may deviate froma substantially constant

val ue (i.e., each r&igireet ipal schamatinillusiraiahidiid neetdod ffer deterrifinghase) .

Therefore, instead of 15 determning a single characteristic TOA-phase, the
syst em accor@dgcatiPn RORGLCS gEan ec"é'gﬁhi(tﬂ?gaﬂ\é‘? E}W%Qaﬁc%%ﬁhaﬁ:fléfh%ti C
TOA- phase ¢ i ¥ es of the received pul se trains.
Thi s char ac@ﬁﬁgﬁ&%ﬁgﬂ&&%@@%@ elated to the either the relative
notion between the emtter and the receiver or to the clock irregularities.
20 Reference is now made to Figure 2, which is a schematic illustration of
a system?® generally referenced 100, for deternining the | ocation properties
of an emtter 102, constructed and operative in accordance with an

enbodi nent of the disclosed technique. System 100 includes two receivers
104, 106 coupled with a controller 108. For 25 exanple, both receiver 104
and receiver 106 are attenpting to locate emtter 102. Each of receivers
104 and 106 includes a TOA recorder, TOA-phase determ nator, and a
characteristic TOA-phase determ nator. Receiver 104 includes TOA recorder
110, TOA-phase determ nator 112 and a characteristic TOA-phase determn nator
114. Receiver 106 includes 30 TOA recorder 116, TOA-phase determ nator 118
and a characteristic WD 2011/158233PCT/ 1L2011/000473 TOA- phase

determ nator 120. Controller 108 includes a PTRI determ nator 122 and

| ocation properties determ nator 124. PTRI determ nator 122 is
coupled with one of TOA recorders 110 or 116. PTRI determi nator 122 is
further coupled with each of 5 TOA-phase determ nators 112 and 118.
Characteristic TOA-phase determ nator 114 is coupled with TOA-phase

determ nator 112 and with | ocation properties determ nator 124.
Characteristic TOA-phase determ nator 120 is coupled with TOA-phase

determ nator 118 and with |l ocation properties determ nator 124. 10lt is
noted that each of PTRI determ nator 122 and | ocation



properties determ nator 124, nmay be enbedded in any one of receivers 104

and 106 (i.e., not necessarily in the sane receiver). Furthernore, of

TOA\-phasewg%lelr/1 Lyjgt ors 112 and 118 and characteristic ¥%7§Eﬂ)?§§?\%73

determ nators 114 and 120 may be enbedded in controller

reover,

I nst ead of TOA-phase determ nators 112 and 118 and characteristic TOA-phase

determnators 114 and 120, controller 108 may include a single TOA- phase

determ nator (not shown) and a single characteristic TOA- phase determ nator
(not shown) that determ ne the TOA-phase and the characteristic TOA-phase

for both receivers IDETAHRCEDOESGRIPTHONQE THE EMBODIMENTSa singl e
TOA- phase determ nator and a single characteristic TQAé(g/hase det er m nat or,

then PTR deterni natt9f dslosgdcigehnisyenpyrcamesotherdis

PTRI determ
The Char act
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wi th | ocati qroperties of an electromagnetic waves emitter that emits pulse trains,

received by a receiver. The emitter may be a transmitter transmitting the
pulse trains. The emitter may also be a reflector that reflects the pulse
trains (i.e., that are produced by a transmitter). The location properties are
related to the timing characteristics of the received pulse trains. These
timing characteristics are either a characteristic TOA-phase or the
characteristic TOA-phase curve. Furthermore, the timing characteristics
may further be determined according to either TOA-phase, or
characteristic TOA-phase curve or both. The TOA-phases and the
TOA-phase curves of the received pulse trains are determined according
to the TOA and the PTRI of the received pulse trains. The timing
characteristics are related to location properties of the emitter.

The term 'location properties' herein relates to the actual location
of the emitter or a set of possible locations of the emitter relative to a
reference coordinate system. The term 'location properties’ may further
relate herein the motion properties of the emitter relative the receiver. The
term 'motion properties' relates to relative motion between the emitter and
each one of the receivers. The term 'motion properties’ may further relate
to a set of possible trajectories of the emitter in a reference coordinate
system.

The system according to the disclosed technique includes at
least two receivers, each receives a plurality of repetitive pulses or
repetitive pulse trains emitter by an emitter. The system records the TOA
of the received pulse trains and determines the PTRI. Thereafter, the
system determines the TOA-phase of each pulse train received thereby,
according to the TOA of each pulse train and the PTRI. The TOA-phase is
determined according to the residue of the division of the TOA of the pulse

trains by the number of PTRI's counted from the start of reception of the
-8-



25 properties determ nator 124. It is further noted that system 100 may
I ncl ude single TOA recorder, enbedded in controller 108, coupled wth the

TOA- phaseydehfliskpagt or . Control ler 108 sinultaneously opcghtshiDadshsy

processes the recelved pulse trains (e.g., according to tags assocl at ed

wi th each pulse representing the receiver that received that pulse). It is
30 al so noted that receiver 104 and receiver 106 share a common tinme axis.
Thus, a tine nmeasurenent of an event in one receiver is substantially the
sane as the tine neasurenents of the sanme event in the other receiver.
Emtter 102 puiseé drainpl unadthey vadrdputise timeiianes 2 @rabpedh actordingitodhe 104

Recei ver 104”1 Bls bkt TDATPEgsds aff deleTimiaed ecsoping o The dba Bs
receives Pl Uhdise! ¥alls BH ?ﬁe?ﬁ?é&ib%lﬂl%ﬁﬁe FRASh Ofhé CeRitye Yetihn Aeg 406

records the TOA of each receive se thereby. TOA recorder 11'0 records
the TOA of tdharpatesistit T&Aphase ef Weel phlserteins vaccorGihgadndhd MOA-ebasdsr 116

records the T of the pul se.trains received. b ceiver 106. 10 It is
noted thef -t MRIRASE RS W eootoFETaFERRlG SFORoNAe RO SBRe488r | 1 y
the same pul peALfRAdES SrARBIN¥ESVEY d’u‘?s"é?ilré(ﬁl]['s?]?@s%ec'ti@e@f@%&h"?’@éé’i%er.ﬁ% ality

of pulse trains 126" are not necessarily e sane as plurality of pul se
trains 126".lopatin detopentiemtaflr the2enitter raraesletéraniP@® ao€ondirg ptol dbet r ai ns

15 itted b 1 tter di to the, TOAs of the,r '
t raienms (ie. e.‘“?/h‘fr%nﬁteﬂg{'gﬁ%‘g’ﬁ‘%gérrlgga?@g"c? Bﬁﬂ?ﬁ f?fﬁv?rgcgfﬁﬁg%zﬂlﬂ?%égei ver
106) . Each ofadrs@sy $h thel REcied J0Se tefisd MR BdmdiriserIdieth-mbduldte@m PTR

determ nator 122. Determining the PTRI is further explained below. Each of
recei ver $ 10@petiivelpalsedraingi nes t he TOA-phase of each pulse train 20

recei ved thereby. TQA-phase..det er.m nat.o 12 determn t he, TCA- phases of
the pulse trains rellidbioy s SRURrLR Rl ba PR R it ARSRNET 11
det er mi nes tdrewh&h-dibeks Rfediflarith® BEEWHE thé TOA-pHAeek \TdhBYreceRRdVRlilsd 06. As
mentioned above, the TOA-phase is determ ned accordi n?. to the residue of

I

t he divi si orir@jps thay depatg frore apiybséamtiallyrrzonstant value (i.e., each received
pulse train may exhibit a different TOA-phase). Therefore, instead of

15 determining a single characteristic TOA-phase, the system according to
the disclosed technique determines a characteristic TOA-phase curve
according to the TOA-phases of the received pulse trains. This
characteristic TOA-phase curve is related to the either the relative motion
between the emitter and the receiver or to the clock irregularities.

20 Reference is now made to Figure 2, which is a schematic
illustration of a system, generally referenced 100, for determining the
location properties of an emitter 102, constructed and operative in
accordance with an embodiment of the disclosed technique. System 100
includes two receivers 104, 106 coupled with a controller 108. For

25 example, both receiver 104 and receiver 106 are attempting to locate
emitter 102. Each of receivers 104 and 106 includes a TOA recorder,
TOA-phase determinator, and a characteristic TOA-phase determinator.
Receiver 104 includes TOA recorder 110, TOA-phase determinator 112
and a characteristic TOA-phase determinator 114. Receiver 106 includes

30 TOA recorder 116, TOA-phase determinator 118 and a characteristic
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25 nunber of PTRI's counted fromthe start of reception of the pul se
trains. Determ ning the TOA-phase is further explained herein belowin

conj uncti | Lkgures 3A and 3B. Reference is now nm WaT0N 3A and
36 and re Ee}rzmltr/}gs%gck to Figure 2. Figure 3Ais an exerr%?gilgmﬂlgndbﬁésdi agram

of pulse trains 30 emtted by emtter 102 and recei ved by receiver 104
(Figure 2) in ‘accordance with an enbodi nent of the di scl osed technique.
Figure 3B is -11- an exenplary timng diagramof pulse trains emtted by
emtter 102 and received by receiver 106 (Figure 2) in accordance with an
enbodi ment oT Ohphases cldetarthihatohnii@oe. | CoRtrpllees 188 andudBs tehePdmlIt t ed
pul se trains include pul se. Receiv 104 received pul ses 150, 152,

| only one | r
154 and 5 15@et§ﬁfa"f}9é%i1%iﬁnad%cat%‘ei?@@&“fﬁﬁ g%f@"i‘mmflh%‘}- 184 and 186.

Recei ver 104 record e g?m?n ool deiddawin T f I &Eq,g, 152,
154 and 156 respect ?\TeFIb'ng ecei%%&lif&%rzggoé%s tﬁe #%A‘Og Ilggﬁl'%g% 23 and
T24 of pul se$1086r, 1182, ABRI aleterbiGators p22tisv&intherl coupledowvidl eaeh ,ofi n
Fi gures 3A 3B, TOA's T11, T127 T139 T149 T217, T229 T23 and T24 are
recor ded %t a‘?&é\-@ba%%ng%tpr@fnqtq;@ ri<hend v@g%ul Sehanasieristic 3@%—&@@?%@- S
T11, T127 Tlgdefrhthaldrd 11428, WthT%AT?}‘n- BE dRERNMEELA 12 Biad Withng OF
falling edge ofe tf}hea respecti%ogﬁg%?se, or a gny deﬁsﬁnct feature g’? t he
pul se shape lpeation zwopediesssdetgrininatach 1841 st ) Charastepstic odOApPBase60, 162
and 164 in Figure. 3A and.tinme period 8, 190 2 and, 194 in Fi e 3B
xhi bi ¢t he. (KAEERINAOR 4281 s ruidinsT oA phage ddpunigiorants o Wlbei ve a
common cl ockloghg@,q?m ib9detckafinatbfdp4162 and 164 in Figure 3A and period
188, 190, 192 and 194 in Figure 3B exhibit substantially the same tine
durationigi.e., theldis aotech that €achPIRPTRIFdetdrerinatoe, 12%handi fecatinpt ant s
S1, S2, S3 and Sérlt, of, t he .star t1 9{ eacthof PTRI | S 158, 160, %_62 .164, 158,
160, 162 andPPEEM%H delymingior %% dPeY a8 e THRAZQY PP OfrfeLeMers’ 4ng
T14 and tinmeqppsnd™ o6 gle A8t nSSesdHtilyth dfd safiendeferl OfuRhaffRsrefof
recei ved pul ses 150, 152, 154 and 156

TOA-phase determinators 112 and 118 and characteristic TOA-phase

determinators 114 and 120 may be embedded in controller 108.

15 Moreover, instead of TOA-phase determinators 112 and 118 and
characteristic TOA-phase determinators 114 and 120, controller 108 may
include a single TOA-phase determinator (not shown) and a single
characteristic TOA-phase determinator (not shown) that determine the
TOA-phase and the characteristic TOA-phase for both receivers 104 and

20 106. When system 100 includes a single TOA-phase determinator and a
single characteristic TOA-phase determinator, then PTRI determinator 122
is coupled with one of TOA recorders 110 or 116. PTRI determinator 122
is further coupled with the TOA-phase determinator. The Characteristic
TOA-phase is coupled with the TOA-phase determinator and with location

25 properties determinator 124. It is further noted that system 100 may
include single TOA recorder, embedded in controller 108, coupled with the
TOA-phase determinator. Controller 108 simultaneously or alternately
processes the received pulse trains (e.g., according to tags associated
with each pulse representing the receiver that received that puise). it is

30 also noted that receiver 104 and receiver 106 share a common time axis.

-10-



respectively. TOA's T21, T22, T23 and T24 and tine instants S1, S2, S3 and
S4 determ ne the TOA-phases of pul ses 180, 182, 184 and 186 25

respecti dingly, intervals 166, 168, 170 and ¢k 5o §733A)
determ n\e/&t %gnﬁg%%ghases of received pul ses 150, 152, 15 %Eué)

nnnnn

TOA- phases of “‘retei ved pul ses 180 182 184 and 186 respectively. In other
words, the difference between TOA s Tii and Sl determine 30 TOA- phase 166
of puI se 150, the difference between TOA's T12, and S2 determ ne TOA-phase

168 of pul seTHER ®time Measdrdrheneofan katneimnond 2eceiVéWsssubktamtillyShe
determ nes TOA-phase 196 of pul se 180, the difference between TOA' s T22,

and S2 det er§Ae aﬁéﬂ‘*ﬁﬁﬁ%é“%%”@'l“%ﬁﬁ qbthegsame eyveni in therathar receiverton- phase
I's determned as foldgys: 6A FhitSm DLty ofPulsd frdins 126. Each of

receivers 104 and 106 receives a plurality of pulse trains emitted by
5 emitter 102. Receiver 104 receives plurality of pulse trains 126' and
receiver 106 receives plurality of pulse trains 126". Each of receivers 104
and 106 records the TOA of each received pulse thereby. TOA recorder
110 records the TOA of the pulse trains received by receiver 104 and TOA
recorder 116 records the TOA of the pulse trains received by receiver 106.
10 It is noted that the pulse trains received by receiver 104 are not
necessarily the same pulse trains received by receiver 106. In other
words, plurality of pulse trains 126" are not necessarily the same as
plurality of pulse trains 126".
PTRI determinator 122 determines the PTRI of the pulse trains
15 emitted by emitter 102 according to the TOAs of the received pulse trains
(i.e., the pulse trains received by either receiver 104 or receiver 106).
Each of receivers 104 and 106 receives the determined PTRI from PTRI
determinator 122. Determining the PTRI is further explained below. Each
of receivers 104 and 106 determines the TOA-phase of each pulse train
20 received thereby. TOA-phase determinator 112 determines the
TOA-phases of the pulse trains received by receiver 104 and TOA-phase
determinator 118 determines the TOA-phases of the pulse trains received
by receiver 106. As mentioned above, the TOA-phase is determined
according to the residue of the division of the TOA of the pulse by the
25 number of PTRI's counted from the start of reception of the pulse trains.
Determining the TOA-phase is further explained herein below in
conjunction with Figures 3A and 3B.
Reference is now made to Figures 3A and 3B and referring back
to Figure 2. Figure 3A is an exemplary timing diagram of pulse trains
30 emitted by emitter 102 and received by receiver 104 (Figure 2) in

accordance with an embodiment of the disclosed technique. Figure 3B is
-11-



N*PTRI] 5 wherein Nis the nunber of PTRI's counted fromthe start of
reception of the pulse trains fromthe start and remis the renai nder

oper at or .ywhbo|$is85€d that the values of a TOA-phase of pa Hﬂiﬁ?/oﬁoﬁ% n nay
be in time units or normalized units (i.e., relative to thre uration of the

PTRI). In other words, a TOA-phase of a pulse is a mapping of the TOA of
that pul se t© 'a 10 value relative to the start of the PTR during which the
pul sed was emtted (i.e., a value which is nodulo PTRI). Still
referring to Figure 2, once receivers 104 and 106 determ ned the TOA-phases
respecti ve odntexemplagetimirg diagreceof edisehtraiisyemitteth bgferhitteei 402 and04 and
106 determ nes the characterjstic 1 OA- phase, respecti ve thereof.

. 15 T .
Char act er i st [@CEIMEA- B FRGEIVRIt HIG{FigHER 2) 1) agepidaRcath e erRhedimeantiali i ¢
TOA- phase ofhtkh i I ec.ef r el 10 eristic
TOA- phase detthtearﬁ'i%%?tLs %g t%é@ﬁlggte'ereiﬁﬁ E@g%%gp‘cﬁggagﬁetp i%s (kS O&n% Ztgée'ﬂ%f t he
pul se trai nsinckece oy dne pasei Receidér. 10heccdined pigass15@ TER- tBhaadof a

receiver is erm ned, 20 cording, to the TOA-phases of the pul se trains
recei ved Sthefgé)?”gsrepﬁf"teﬁé%%e%@eé‘f guisgscHi) utftd i it andnl88. gliessives and

4B. 105%@dreeq€%!mﬁew)§%ﬁqz,t 16,3%{931#?48, o%% fg?,ﬁg%bmwahw.t her

reference to Figure 2. Figure 4A'is a schematic il a timng
di agram of piH6G eesperttinglyr eRecaieer HY6 recaidsdhe MBAIsnT a¢ doy, dap@advl 4ofan 25

mbodi f the di hpi . _Fi. 4B i hemat.i
T ustrat i orPdpes, DR iP4 GRanTA Sincsueb s hE néled Bl Ty obess 8¢ 106
i n accor dancgagvizgh T@Agn"pﬁdfr%gth,pfm} i‘th(j'rziwgsgﬁd trg‘fgég %I"ﬁoerdtéa Jritgeres 4A

and 4B, the emtted pulse trains includé on one p I mng
di agr ans1of ¢dnjar of tharesneclive udse tharkof.f dtawederaTOAIS I TmgT adtgrTy i n

whi ch 30 successive . PTRI; s, with the received pul.se trains dyrin hese
PTRI"'s, are. (5.2 BptT i py Myl dGcqieg at (ks uIdg e0gp a34ae) - Ti e
duration 228esphkstive ptik, @mttarrivedréuhat feRuréASr {Hd puse 48 ee(@.g.b'ierbhe
duration of the PTRI. Receiver 104 receives pul ses 220, 23)2, 224 "and 226.

TOA- phase detrepaingdf such existlet &ime-pesiottonS8hd66s 183 and 364 inFdguned3238 as

the 5 respecti TOA- S f I 0 22.-.224 d respect.ively. It
is noted t haéﬁalcgﬁleg)ﬁgﬁg% gég 1@@4?§§§é%a?1%2%§ A& %texﬁégtetg a li'rf"‘bof'he same
(e.g. dugs t oof thbtRTRI. nSirte rBE&ivers 108andM 06 estane aeoniioh dibdK §iPnb§ caused
due to clock drift of either the receiver clock or transmtter clock (i.e.,

ei ther the tRelinds (168 168a169apd @it fHaupBAand perird 1881 880.c1P%gnd 10
fI ' . _ e N I
retlector °r1€§%“?n tﬁl@@ﬁ?ﬁé?h&l&)g%%ﬁ&%ﬂx E)rfe ts%n\ee v {%u?ét?dﬂqil.%k;tﬁgt y to

the receivers or noti o eentter or o

recei vers. Ghattiohefitlsé PTRIDAFpRaeemdas, ahaitingd ostdritd SIetB! 6, apd SHefti me
interval 230 as the resgective characteristic TOA-phase of pul ses 220, 222,

- ph
224 and 226 Hetrdioh§acs of B Rmdes. 12@%,1%4642%82&6023@2 apd B4 @réi nes

20  substantially the same.
TOA’s Tqq, Ty, T4z and T4 and time instants Sy, S,, S; and S,
determine the TOA-phases of received pulses 150, 152, 154 and 156
respectively. TOA’s Ty, Tas, To3z and T,4 and time instants S4, S,, S; and
S; determine the TOA-phases of pulses 180, 182, 184 and 186
25 respectively. Accordingly, intervals 166, 168, 170 and 172 (Figure 3A)
determine the TOA-phases of received pulses 150, 152, 154 and 156
respectively and intervals 196, 198, 200 and 202 (Figure 3B) determine
the TOA-phases of received pulses 180, 182, 184 and 186 respectively.
In other words, the difference between TOA’s T,y and S; determine
30 TOA-phase 166 of pulse 150, the difference between TOA’s Tq,, and S,

determine TOA-phase 168 of pulse 152 etc. The difference between
-12-



15 a point Pl on the wapped tinme axis as representing this characteristic
TOA- phase. Simlarly, receiver 106 receives pul ses 240, 242, 244

and 246. - determ nator 118 determ nes TOA-phas 256 and
MPRsS phasgg4p 30; 173
258 as th\;g resf)ect |3ve TOA- phase of pul ses 240, 242, 244 gné %3%

respectively. Characteristic TOA-phase determ nator 120 determ nes tine

I nterval 250 as the respective the characteristic TOA-phase of pul ses 240,
242, 244 and 246 according to TOA-phases 252, 254, 256 and 258 and

determ nes a point P2 on the wapped tinme axis as representing this

charact eri stTOAEOR phes S, dfiieniaks TGA HiasentDeL 06 pdreet 80, ke diffgreazanpl e,
the TOA-phase with the |argest nunber of occurrences ée.g., det er m ned
accor di ng t deweest bgAsmles ardaSpigiereingst @APhasse 388 afinsse: 182nefhase
respective t f At Y 1d 106, determne the
characteri stlﬁgﬁ%&?lpﬁl‘aész%%é%?Sv%étt%ﬁ@?neeﬁgﬁil&g)\y%pagi ng the TOA-phases of
the pulse 30 trains received therebg. It [sToX edl that the characteristic
TOA- phase may be det er mi ned! @efHA %ﬁée@£N—T—W§f the received \pll se
trains are -14- mssing. It is further noted that the difference between

two char act ewhéigire NIf9AtHehaseber lof FOERIE ¢euntedt frony eestadtr of, redeptiomiofies t he
TDOA between the received pulse trains. It is also noted that the pul se
trai ns receithedrygettraing feamibesstapeand nem isetheofremainger aparaternsit (is. e. |
the pul se tral i r Y : [ pul se
trains recei@etgalgr;at;tﬁ%ﬁﬁa\éggsr gg?@ﬁ)p%%%ﬁ %%@P%\?g?%g ?ﬁé?%%gééaﬁ%%gﬁ%ul se

train recei viedndymalired aais (Bé., irelative aot tHe dardtiot pikise RTRI).NSInr eterved by
the other receiver._Gven that the transmission tine of the pulse trains is

known or detW¥eidsnadl OARRASERl piPbine isiaiapnieg ff the JOAShthad PEIsA 9e3 t he

TOF of 10  value relative to the start of the PTRI during which the pulsed was emitted
" (i.e., a value which is modulo PTRI).

Still referring to Figure 2, once receivers 104 and 106
determined the TOA-phases respective of the pulse trains received
thereby, each of receivers 104 and 106 determines the characteristic

15 TOA-phase respective thereof. Characteristic TOA-phase determinator
114 determines the characteristic TOA-phase of the pulse trains received
by receiver 104 and characteristic TOA-phase determinator 120
determines the characteristic TOA-phase of the pulse trains received by
receiver 106. The characteristic TOA-phase of a receiver is determined

20 according to the TOA-phases of the pulse trains received thereby as
further explained in conjunction with Figures 4A and 4B.

Reference is now made to Figures 4A and 4B and with further
reference to Figure 2. Figure 4A is a schematic illustration of a timing
diagram of pulse trains received by receiver 104 in accordance with an

25 embodiment of the disclosed technique. Figure 4B is a schematic
illustration of a timing diagram of pulse trains received by receiver 106 in
accordance with an embodiment of the disclosed technique. In Figures 4A
and 4B, the emitted pulse trains include only one pulse. The timing
diagrams of Figures 4A and 4B are in the form of a “falling raster”, in which

30 successive PTRI's, with the received pulse trains during these PTRI's, are
-13-



10 the received pul se trains, and consequently the location of emtter 102.
When determ ning the location of the emtter according to the TDOA net hod,
t he TDOA kned according to the difference bet

char act er*?tﬁ?ﬁ%ﬁ?phases (i.e., P2 in Figure 4B and Pﬁ?ﬁllli—‘%bgﬂ?oem?&
recei ver 104 and 106. 15Reference is now made to Figure 5, which is a
schematic illustration of a nethod for determ ning | ocation properties of
an emtter, in accordance with anot her enbodi ment of the disclosed
technique. In procedure 300, a plurality of repetitive pul se trains,
emtted by averticallyt erderede(ireecehy eimbyaxis iseasdpped). r Fiaeveumtiond2p8e TOA
of each recejved pulse 20 is recorded. The emtt ul se trains include at

d
| east one mewr%A}@ﬁ@it'tsﬁ%di%m,2%%i9@@é%b§§higﬁéhe qurationsi thene
is. Wth i i 1 i it
of repeti tivol Rt Eatehr MORiduefos BSLY 800, 9220004 SR SAEP AR oL 1 Y
each recei vadetptrhatorTOR rdetermtiaes MOArpETsed 232300236 andi238]aattheecei ver

104 and 25 TOA recorder. 116 records the TOAs recei(ied at receiver 106. Wth
ref er ence® t EBPEENE TOA-Phase ol PUlsES422Q Fids 2 40RNS <0 T58Peatyely. 184S and 156

and records %Qé\'(rjStth‘%OK—%%gsE%‘?‘Z@fd2544F§§%853‘%%%9@9%%%5{&&&%er ence

to Figures 3B, recelver recel ves pulses 18 4 an and
records TOA samel(e.g.2@ue TaJitandinTdve PdRieaft theeceitbed @ulse30 THia jiflendedur e

302, the PTRI of the emtter is determned. The emtter exhihits a stable
TR or s musRHReCeBue FR OIS, g 16} SRS the. recbEE R dia! HERBMIRS COGR o

recei ved pul 68 {&fdiStnelrbRktidr YPY prbifiod o IBIIPEIN HaRlchdy U5 81 M ned

(e.g., according to external i nformation such as emtter characteristics).
Det er m ning refleclorRir the tramsrhitter diat triansditted the. pulseHraie$ alieaty to dh€i gur e

2, PTRI determ pnatar 122 determ nes the PTRI,. of 5. .emtter ,102. Receivers
104 and 106 EERE 'tq{;b%tgt @qu‘f?egoﬁ‘??ﬁ'orf P(?ﬁh@O‘?fW N OﬁéwirW‘?'NeF%:‘/erence
to Figures 3énanitditt TOARBRASS HeldBnindfP 1140 defiithidéd the tihdyherdf and
time periods 188, 190, 192 and 194 in Figure 3B, exhibit the sane tine

dur at i on sub23Guasi thiel respgative cbardntenstizl TOMmphase ofl puses0220f 822224

recei ver, the TOA-.phase,re ive 10 e el ve ulse, trai.n is

hot or m ned. (b PAPRDEING IS T Hieses Ha2r 834, 28R B P Bradicte et s
trains. Jhe F@uimhpseon $héiG‘J/r%Pb"baeﬁhéC§>Q§ cﬁswee;sr@séhm}g enisdeiearattdrizeic

division of the TOA of the pulse by the nunber of PTRI's counted fromthe
start of recB@fAr@MAsE the pul se trains. As mentioned above, this can be

regarded as w appi ng. i r(h t I, TQA- phases
are determ ned acco%@ﬂ%&’o@ﬁ@%&@oﬁeﬁe% V'%ggtﬁynzs&o%énazﬁed tinme
axis (i.e., TOA-giAseobaremisatdr VaBusetentines FORPhasdist P52 €351 a8 ahd Fi gure
2, TOA-phase determ nator 112 determ nes the Tm-ﬂbases of the pulse trains

recei ved by %% s dhe 1espgrtiver JrOAHRIased f bt 4f0. 1242.4244r AnHed26he

TOA- phas . p L el VY Lh: reference
fo Four i SRoRAGIa GrEFabpR IO S dpterifgto o deermiles b g 2T Te
t he TOA- phasiateroél 25F ek \the respestivethe, chbbactedstic A0 -phasa ef palses\vaiQy and
intervals 196, 198, 200 and 202 (Figure 3B) determ ne the TOA—zohaseg of

recei ved pul 4% 4%bandsA6 eggomdivo 186 PRRhASEF 2 254, 256 and 258 an

determines a point P, on the wrapped time axis as representing this

of

characteristic TOA-phase.

25 Receivers 104 and 106 determine, for example, the TOA-phase
with the largest number of occurrences (e.g., determined according to a
histogram of TOA-phases) as the characteristic TOA-phase respective
thereof. Alternatively, receivers 104 and 106, determine the characteristic
TOA-phase respective thereof by averaging the TOA-phases of the pulse

30 trains received thereby. It is noted that the characteristic TOA-phase may

be determined even if one or more of the received pulse trains are
-14-



251 n procedure 306, for each receiver, a respective characteristic
TOA- phase of the pulse trains received thereby, is determ ned according to

t he TOA- Rk;a%,s% §z§§eCt ive of the received pul se trains. PEQ?L%Q?B@%?“ stic

TOA- phase nmay eterm ned according the |argest nunbe ul'se trains

w th the same TOA-phase. Alternatively, the 30 characteristic TOA-phase nmay
be determ ned~according to the average of the TOA-phases of the pul se
trains. The average may be a sinple -16- average or a wei ghted average.
When enpl oying a wei ghted average, the weights of the TOA-phases nay be

det er m ned, rrrrissimgcartblseturﬂnecmommymatdhehﬁﬁarqﬂdet beleveeh Mueclnmtaeterésdicpul se,

th i dt h of i d t.h d t.h th
oes T ol 1 anl EOREohASSS GasaPtieot S gceivivs. SoRimings i A 08 Heweted
pul se or theth%r%wed%m&@@rm SR ieARd hodR maﬂtﬁ@su@e'tﬁﬁnwrgéélved\ Zord' ng

to other alternatives, the characteristic TOA-phase may be determn
accordi ng totrteheecrmmran nefledt het b@Aeprrnma; mise HeiRe di.eVdhe ﬁ)qlsartfamRI\/B) of

t he TOA- ph f t 2 t TOA-.
ot or m et or FFENE: P oRer GRS A cTaesSa Y 16 AGRe AR BB Ebve of
recei ver 104;36hef fbdtivdr). TR StdIANGRIsCht fidst ohepulde&rain Rigefrdd M)‘?oﬂfe the

pul se trains received by receiver 104 and characteristic TOA-phase
det er mi nat or rer2ivedeis cabsandsfromethehpulset Eainst te@ewedr blictbe otbepaeceiver.of

receiver 106Gaccort6ig o,the char acgerl stfni g aie.res % ve of the
pul se trai ns”PedeiVd 9[5'9 FAOENYRFIOR oEMey 9T 'i% PHPE SRS t's KNG YA,
interval 230déterhifed NaEaedre brsidried Gtamdinatdf 12£ aetetiindd dhe WOR of
reference to Figure 4B, interval 250 is the characteristic TOA-phase of

recei ver 1a06the received pulse tfaw@e@ndecmqu%\ﬂye@@hlogatlen&f emitarnvt0%, the
| ocati on Proﬁﬁ{ér{ Fotdmihing B8 1o&htioH Br ARLCEMiST RESUH 9 2 THoa

characteri st
method, the TDOA is determined according to the difference between the

characteristic TOA-phases (i.e., P, in Figure 4B and P, in Figure 4A) of
receiver 104 and 106.

15 Reference is now made to Figure 5, which is a schematic
illustration of a method for determining location properties of an emitter, in
accordance with another embodiment of the disclosed technique. In
procedure 300, a plurality of repetitive pulse trains, emitted by an emitter,
are received by at least two receivers and the TOA of each received pulse

20 is recorded. The emitted pulse trains include at least one pulse. As
mentioned above, the receivers share a common time axis. With
reference to Figure 2, receiver 104 and 106 receive a plurality of repetitive
pulse trains emitted by emitter 102 and record the TOA of each received
pulse. TOA recorder 110 records the TOAs received at receiver 104 and

25  TOA recorder 116 records the TOAs received at receiver 106. With
reference to Figures 3A, receiver 104 receives pulses 150, 152, 154 and
156 and records TOA’s T4, T42, T4z and T,4 respective thereof. With
reference to Figures 3B, receiver 106 receives pulses 180, 182, 184 and
186 and records TOA's T4, T22, T3 and T4 respective thereof.

30 In procedure 302, the PTRI of the emitter is determined. The

emitter exhibits a stable PTRI or a modulated PTRI. The PTRI is
-15-



20 TOA- phases, respective of pulse trains received by each receiver. As
nment i oned above, the | ocation properties of the emtter nmay be the actual

| ocati on Wb 2oh@sestter in a reference coordi nat e syst epc@gi fnihies
according to the TOF, TDOA or AQA net hods. The | ocation properties nmay

further be the TOAs the TDOAs or the AOAs of the received pulse 25 trains.
For exanple, for each pair of receivers, the TDOA of the pul se trains at
the receivers is determ ned according to the difference between the
determ ned characteristic TOA-phases respective of the receivers. Wth

ref erence t od€iegmired?actéarditg tonther eeiveidepulde tteims. n AiterndtB4lyjehe PTiRles t he
| ocation propertie

.0 jtter 2 according to the 30 characteristic
TOA phases 1 BatasaI ASned & S5 caccaingde eXEMAL M DERERABUFE 25 he
TOA- phases, Qﬁmiﬁé}ecﬁé?sa'e\‘i%ﬁcﬂ‘ﬂ!Egtérﬁq?ﬁinﬂtthé'F“FRl B Xbhihe @ Befow.

substantially constant value '(i.e., each recelved pulse train exhibits a
di f f erent TOAittheedferenckda Figumt 2 ViR TRbdetermenater 4 2Batetesminesdhe A TiRIesf and a

[ wh K lariti ._The t ' cl.
| Tregutarf1 1 SOteic) 87 sreEivers 10 St J61srebRcne WRerpYiRd BTRIHE® pu se
trains devi abGrdilehm e DIWARIERIbHCE 16 IGLAR SHANE 3P Tine Shidsorsk] ft or

jitter in the clock of the transmtter). Accordingly, instead o
det er mi ni ng 466 hoR endHiGdaict eiguse BA aihtipieaperiodshd88et80.vE¥2 anddi9diing t o

t he di scl ¢ [ . ' har.acteri sti.c TOA-

respect ve. oriauie 3P B4RbAn8 ARBs firi Suratpn upeiryaly e0uar & fe HIAE: yeq

pul se trains. Thus, |4Qrb6&d@eoy®4,dRs Edchl feRBiviep! tHEETEATDALSE réSiSective .
characteristic TOA-phase, in conjunction with Figures 2, 3A, 3B, 4A 4B, is

a speci alio caskeath geceived pulsg traw ishdeteoninedsaceording ishtieeP R wadabef ur t her

expl ai ned be . The term ccuryvature of .degr z ' used rein_.rel ates
Co s st rai gnf O AEoRr<ea b st pUIsk: Poure e “FoRer i 3 Bt
‘curvature ofcddrdirpfEtharesitae dfhiie aridion aF theeTORebeitie sy ey the a
curve. Thus, the characteristic TOA-phase curves and the difference there

bet ween nay BumiDET ©of HkRkR gpunted teqy ke starbobrecaptipat ofr teopulge grades.gr eat er
t han zero. . f ce. .S i 6 i ch are
schematic il f\asr??rétﬁr?gjsg% pgwssec%(r)%\{la E%gﬁgégié\?e\gk%ﬁ?ﬁﬁ]éggg veCP\ggl\h/ﬁen 20

rel ative 150t iotheeRTRI'S divd WeeMAAphases bee deeknbihedrawerdiag tartdered®Ar ri ng
back to Figure 2. Figure 6Ais a schematic illustration of a tim ng di agram

of pul se traPhiierRidee Fainsyn i wraRped bme s Hed o ahPE-Rh2SE & 3 VallRer
embodi ment OFnoHﬂlgo WLOW% tr@f”e*?é'h?é’?o Figlr e ﬁéN—ﬁhﬁséﬁgFﬁeﬁﬁ&or 112

illustration o g diagram of pulse trdins recelve receiver 106,
i n 25 accor ddeteemindshtie TOA-phasesriod dheguisetraineretevddbgdeteivbniiQde. | n

Fi gures 6A and, 6 each pulse trajin includes only one | se. The _tim ng
di agrans of W%UFQAG&‘%?‘?S J@e@@a}q{ ﬂﬂ.é g%ﬁenﬁmme% the aT&%i@h?%f?t of "tl,hei n
whi ch Sue&eS@u%@_tFéT réceivhd fagtr%eerv@&ehMed_mh%%férbﬁb@%o%%ﬁrgg 3A558
PTRI's, are Vertically ordere I.e. the time axis 1's wapped). Tine
durati on 4083B0 ifterenls e 168) 468, t1 7@ dodatli7@n F2@ureFi IA) edé@Bjmimehithet t he

duration of the PTRI . BPoSiaieta bhkd-q8h  §52P b2 %P Y564 28pe by Ma?00:

intervals 196, 198, 200 and 202 (Figure 3B) determine the TOA-phases of
received pulses 180, 182, 184 and 186 respectively.

25 In procedure 306, for each receiver, a respective characteristic
TOA-phase of the pulse trains received thereby, is determined according
to the TOA-phases respective of the received pulse trains. The
characteristic TOA-phase may be determined according the largest
number of pulse trains with the same TOA-phase. Alternatively, the

30 characteristic TOA-phase may be determined according to the average of

the TOA-phases of the pulse trains. The average may be a simple
-16-



-18- determ nes TOA-phases 410, 412, 414 and 416 as the respective
TOA- phase of pul ses 400, 402, 404 and 406 respectively thereby defining

poi nts Pl\%gzﬁ)ﬁ%’ssﬁ%:s and P14 on the wapped tine axis. ¥?$/_Iﬂﬂﬁ§/ﬁlﬁ)4ﬂ310’ 412,
4 the

414 and are not necessarily the sanme due to due to relative 5

noti on between emtter 102 and receiver 104. Simlarly, receiver 106

recei ves pul ses 420, 422, 424 and 426. Receiver 106 determ nes TOA-phases
430, 432, 434 and 436 as the respective TOA-phase of pul ses 420, 422, 424
and 426 respectively thereby defining points P21, P22, P23 and P24 on the
wr apped ti meawerage of @wplgided axéagel 3B hetGdmaluyinga 4838glated averagecthesari |y
the sane due to,due_to0 | atjve notion between receiver 106 and emtter
102. weigble Pt iz TP Rbsemaey e MRIRTRBeg 0T SKBmRE GAECARINGIHOa €
schemati ¢ i | jhusihaliiuReSolihe othd pLRETHRE HidtCor e bdef¥Ppllise Mel. P12,
P13, P14 P21, P22, P23 and P24 in accordance with a further enbodi nent of
15 t he di scltheedlidee thairecaivedh ¢utsef ther lesg reliaiie tie the grAeolthd pulBeyuhe 6C,

h teristic TOA-ph det 1. nat 114 ] 450 h
Char act orf stinfeorano B IBoEfEIPUES peths DiodE: BE R SusS ARSI TR A hE po n s
P11, P12, Plg,138%ifikt ACEHUMY & bﬁ\feir%_It@ﬁfm%%?&e@?}#ﬁctﬁ?@tié%@jﬂﬁse

curvature equal to zero (i.e., a straig line wth a slope relative to the

time 20 axi snaylbe Hejenmeined, acticadiagt tor tha inedian-gfhthee TOX-phasemitonrthe20
determ nes cyrve, 452 as th agteristic TOA- e curve respectiye of
ecel ver - 106 RROMEAN R HEOp A 1) b0 Badsts WS refaleh S 1S FRETL2.

TOA- phase cughtadfedistieXNDALSHaseUHERIrHIRateF aauedetehAhesete ERacterstic

pol ynom al of a desired degree greater than one, fitted to points P21, P22,

25 P23 amd PPONA-pRAsE grseetiivenol iegeivero1®4 gareording ihitbe characterisdient i c
accor di ng ol SRS cFurRaNpCH . oBE Lalnst et BV iepRitin ftFf 0,52
(Figure 7D) ¢HaraceeistdeMBAYpHAseadétariieitor M20dde@phings theechaetarrtie 30
technique. Difference curve 454 relates to the |location properties of
TOA-phase respective of receiver 106 according to the characteristic
TOA-phase respective of the pulse trains received by receiver 106. With
15 reference to Figure 4A, interval 230 is the characteristic TOA-phase of
receiver 104. With reference to Figure 4B, interval 250 is the
characteristic TOA-phase of receiver 106.
In procedure 308, for each pair of receivers, the location
properties of the emitter are determined according to the characteristic
20 TOA-phases, respective of pulse trains received by each receiver. As
mentioned above, the location properties of the emitter may be the actual
location of the emitter in a reference coordinate system determined
according to the TOF, TDOA or AOA methods. The location properties
may further be the TOAs the TDOAs or the AOAs of the received pulse
25 trains. For example, for each pair of receivers, the TDOA of the pulse
trains at the receivers is determined according to the difference between
the determined characteristic TOA-phases respective of the receivers.
With reference to Figure 2, location properties determinator 124
determines the location properties of emitter 102 according to the

30 characteristic TOA-phases respective of receivers 104 and 106.

As mentioned above, the TOA-phases, of the received pulse
17-



emtter 102 (Figure 2). Specifically, difference curve 454 relates to the
-19- relative notion between emtter 102 and receivers 104 and 106 (Figure

2), or theoheldfsk)g notion between enitter 262. Differe@%%/lﬁﬂﬁy/&mﬂéll
4 may

exhi bits curvature of degree greater than zero. Difference curve

represent the TDOAs between the pul se trains received by receivers 104 5
and 106 (Figlire 2). Thus, the difference curves define a plurality of

hyper bol as. The above description, in conjunction with Figure 6A,
6B, 6C, 6D and 6E, the received pulse trains include only one pul se. \Wen
t he recei vedirpinssmayrdeviatei fnarhual subsiaatiahacomstanpuvdlse, (i.e heachtreeeived

characteristic | o TOA-phase curye, [ ctive of each receiver, 1S
det er ni ned eﬁ"ﬂ'ﬁ%_rtr%i[?c%%pms&% qg‘%ﬂ@”&ﬁgﬂ%@éebf"m% rgléﬁﬁéedﬁgt'%l"s’%“?n each
of the pul Sg?ét(/v%'e'ﬁsthe%rhﬁfe?%hhyﬁt%ce'\yé}%rc\pﬁéﬁad@k'i%bﬁlaﬂ%ﬁ%@ﬁﬁ ?rlﬁ‘é&

respective the recelver, nma eterm ned either~according to
TOA- phase ofteainl 'clokk ipagslasities’ hdreinadtee te due pillation wdiens the PTIR] ofdhed t hat

the characteristic.15 TOA-phase cuyrve be determ ned,even, if one,.or nore
of the r ebei RS JIES deVigiR fam. SHPSERgY 3 constant Valge (S bielP G8Bve, | the
char act eri st Gitfehn B8R ckofdhe I@:%‘Hsﬁ%itt&@ﬁ%&%r&i%lﬁf? hii&&d f befdrmiriy- Phase

curve. For exanple, when the characteristic TOA-phase curve 1s repréesented
by a pol ynona &ingle chagtetistical Ofypbéserdhgmeetisesa¢tording tohtbeediptlosadi ty of

DO nom o CBbnBE AGSE S, £ L SPAb AR T B SPR LS F g St aBEnot e
that when regRbKerSaddtdmgtotié TOAGIHESRS dfgﬁeqeeéieéa?fdlsl.% {rainsOfFImikase

curves respective thereof, receivers 104 and 106 need only to transmt the
par anet et dhet Akovs dascription dJoc alateanining 108, chrRsaeledatie TQAmhasende t o
Figures 7A, 7B.an

det er mi ned atUBYY H’gﬁ%i Lg%ﬁ"%réepir;?z&m;ﬁcp%lsg%; jﬁ’t’ hgngegé?cg{fvﬁ of
recei vers wh@dtefhpikg | thee @ibpddtélistic OUOAphdse curve as further explained
below. The term 'curvature of degree zero' as used herein relates to a
straight line with a slope relative to the time axis. The term 'curvature of
15 degree greater than zero' as used herein relates to a curve. Thus, the
characteristic TOA-phase curves and the difference there between may
exhibit curvature of degree zero or curvature of degree greater than zero.
Reference is now made to Figures 6A and 6B, which are
schematic illustrations of pulse trains received by the receivers when
20 relative motion exists between the emitter and the receiver and referring
back to Figure 2. Figure 6A is a schematic illustration of a timing diagram
of pulse trains received by receiver 104, in accordance with a further
embodiment of the disclosed technique. Figure 6B is a schematic
illustration of a timing diagram of pulse trains received by receiver 106, in
25 accordance with a further embodiment of the disclosed technique. In
Figures 6A and 6B, each pulse train includes only one pulse. The timing
diagrams of Figure 6A and 6B are in the form of a “falling raster”, in which
successive PTRI’s, with the received pulse trains during these PTRI’s, are
vertically ordered (i.e. the time axis is wrapped). Time duration 408
30 (Figure 6A) and time duration 428 (Figure 6B) exhibit the duration of the

PTRI. Receiver 104 receives pulse 400, 402, 404 and 406. Receiver 104
-18-



accordance wth anot her enbodi nent of the disclosed technique and 30
referring back to Figure 2. In Figures 7A, 7B and 7C, the emtter and the
receiver hibit relative notion there between. , curve
o oo S o) | L5001 000475 460 15 the: char s FGHENAHiG phase
curve determ ned according to the TOA-phases of received pul se trains
received by a first receiver. In Figure 7B, curve 462 is the characteristic
TOA- phase curve deternm ned according to the TOA-phases of the pul se trains
received by a second receiver. It is 5 noted that curve 460 and curve 462
exhi bit subsdetetmialdsy TOR-phasessddpe 412 cd1dhaneri4titerasantiet hespextieever s
exhibit no relative notion there betmeen.cggééh r nor e, character*stlc

&C%

TOA- phase cuf Pésphzre at pulzes 4&9ni49|2t 49430 ReRtivehy herelyfglinBgneen
(i.e., a nod i Y% B, r icC
TOA—phase cu'?l(i)/essp4é10 aﬁ 2?6%1' xh| hllét\glc':g gtﬁpgn%gd;é}(rgg rg’{étggtlié@than
zero 412,| M EFiagdr4l 67 &ke hohaedé‘s’sarw tHaesatmbfdueetmelubetbvtberrelanwee 460

and curve 462 curve determ ned acgcording to the difference betwee
char act er§ st M@ 'md:?}wgf»@ emiter 166 a0 TEREVEE DA sISImiRRY, SRR APGe 462.

Line 464 is 'éRFé%d 24@&@@2“4@ ahbs 4284 eré‘éﬁértﬂ)é NfetbRfgeson 15

properties of emtt aracteristic TOA-phase curves 460 and 462
exhibit a su'li@ﬁaphasﬁsl )43@; M3Zar4hapel 4d6wesethe cospeantiver TEOA- phiﬁ\ q:fhase

curves 460 an 462 exhi bi relative tipe shift there. between

modul o PTR Bilaes 480, 172, 4fehS 43e tesppeait hersbhIBRNGERaRE Phe o es il ¢
In a const amb téﬁ@ F}I’Z?dﬁatr(é wfa péd‘ttﬁrﬁé%%é O A-phiades 4Bb, M3 431 ahime 20
axi s) at p0|n is tine va ue i s the TDOA between the pul se trains

recei vediby é%&lare emémﬁe:essamlyutber&ﬁreel dueato tue teirelativieomotian katweenwher e
the emtter and.thg rgagf(tver e@zls) relative notion there between and
clockirregulé;ﬂ\fel PItES; ituation is simlar to the situation

where the emtter ambfé#&céeigemwrmaeéhbbrbuf@é, 80, V6D "Bid 8E, WiaEr dret ween.
25 Reference is now made to Figure 8, which is a schematic illustration of

a nmet hod f orsehareatin ﬂiursgatlm%l_touf@nr\tﬁsOg@tetrtrwge(hm@mdlm@ﬂq poitadtar Bance with
o T STBRdE, o6, B, Sha T8 SRR By BARF SRR e e
by at |east thaodisermiedetezhaifliet BAd TifeingeBatk e dBiguas] puliferiglre C,
recorded. The emtted pulse trains incl uge at | east one pulse. Wth
reference t ochrgatesistic T@oshase delgrminatand 4 «daieyringsppurval 430, agtthe
repetitive  cparacteristic TOA-phase curve respective of receiver 104, according
points P44, Py2, P43 and P44. Characteristic TOA-phase Curve 450 exhibits
curvature equal to zero (i.e., a straight line with a slope relative to the time
20 axis). In Figure 6D, Characteristic TOA-phase determinator 120
determines curve 452 as the characteristic TOA-phase curve respective of
receiver 106 according points P,;, P, Po3 and Py, Characteristic
TOA-phase curve 452, exhibits curvature greater than zero (e.g., a
polynomial of a desired degree greater than one, fitted to points P4, Pa,
25  Py3 and Py).

Reference is now made to Figure 6E, which is a schematic
illustration of a difference curve, generally referenced 454, determined
according to the difference between curve 450 (Figure 6C) and curve 452
(Figure 7D) in accordance with a further embodiment of the disclosed

30 technique. Difference curve 454 relates to the location properties of

emitter 102 (Figure 2). Specifically, difference curve 454 relates to the
-19-



-21- WD 2011/ 158233PCT/1L2011/ 000473 pulse trains emtted by emtter 102
and record the TOA of each received pulse. TOA recorder 110 records the

TOAs recaypediidlssyzgcei ver 104 and TQOA recorder 116 recopdsniig/dddis
received at receiver 106. Wth reference to Figures 6A, receiver 104

recei ves pul ses 400, 402, 404 and 5 406 and records TOA s respective
thereof. Wth reference to Figures 6B, receiver 106 receives pul ses 420,
422, 424 and 426 and records TOA' s respective thereof. In
procedure 502, the PTRI of the emitter is determ ned. The emtter exhibits
a stabl e PTRelativeamotidnltetedeRr Brhitteir 102 RN receivieds d@deard 1esl (Rigaoe @),ng to

the received pulse trains. Alternatively, the PTRI is heuristicall

det er mi ned. Pether ilativgymationmagivees ‘?W]Féﬁ@rﬁgexﬁffgrﬁ@%? EHWSWH%& erence
to Figure 2,.F ef,er or d r mpes t ' r 2.
Recei vers loiur-g%l rgog?rg%@%%e gtr%%%gleﬁgﬁm@r?gﬁ PT[Igiﬁeférrr?r% ?(:I)Jrrlt%r'n oﬁirm]la 8. Wth
ref er ence t ordprgserdsthe AT ROA cBetweaan {her pulde468n4d Seceivéd dyr recéiveasd 04

time-period 428 jn FLgure 7B, exhibjt t same tinme duration substantially

cqual to theamtr0b (EHie Ak, Bbaine BITCSRFE cuurirs deiens PRI Thve

TOA- phase of ceived pulse train is determ ned according to the PTRI
S ES

and the TOA respective of each pulse trains. The TOA-phase is determi ned 20
according to the redhduabafe déscriitions ircom)tinctiven WA Faguteh®A pelB s&C b§Dt he

e O R oS AIEeE A, RERESBl 2ReChube BHhEE e

received pulse trains include more than one pulse, then, the characteristic

10 TOA-phase curve, respective of each receiver, is determined either
according to the TOA-phase of the same one pulse in each of the pulse
trains. Alternativelyﬂ, the characteristic TOA-phase curve, respective of the
receiver, may be determined either according to the TOA-phase of all the
pulses in the received pulse trains. It is noted that the characteristic

15 TOA-phase curve may be determined even if one or more of the received
pulse trains are missing.

As mentioned above, the characteristic TOA-phase is a special
case of the characteristic TOA-phase curve. For example, when the
characteristic TOA-phase curve is represented by a polynomial or a

20 plurality of polynomials (i.e., these plurality of polynomials may be
piecewise polynomials), the characteristic TOA-phase is a polynomial of
degree zero (i.e., a constant value). It is further noted that when receivers
104 and 106 determine the characteristic TOA-phase curves respective
thereof, receivers 104 and 106 need only to transmit the parameters of the

25 curves to controller 108.

Reference is now made to Figures 7A, 7B and 7C, which are
schematic illustrations of curves determined according to the TOA-phases
of pulse trains received by receivers when clock irregularities occur, in
accordance with another embodiment of the disclosed technique and

30 referring back to Figure 2. In Figures 7A, 7B and 7C, the emitter and the

receivers do not exhibit relative motion there between. In Figure 7A, curve
-20-



' ' [ TOA of the
to the PTRI's and the TOA-phases are determined according to the
pul se trains on the wapped tine axis (i.e., the TOA-phase is a value 25

modul o P'I;l{gb)zollyi'!’F jreference to Figure 2, TOA-phase det %EWIE%%OC?}%J)ZI

rmnes the - phases respective of the pulse trains receive
(rjgfzgi ver 104, and TO%—phase determ nator 118 determines the TOA-phases
respective of the pul se trains received by receiver 106. Wth reference to
Figures 6A and 66 intervals 410, 412, 416 and 172 (Figure 30 6A) determ ne
t he TOA- phases of received pul ses 400, 402, 404 and 406 WO

2011/ 15823380 li4 210d bhadadéastic J@Aiphaekyc@nd dét_bﬁ-hy-@dsaé&g}dir%?o Xj 4 and
436 (Figure etermne the TOA-phases of received pul ses 4 . , 424
and 426 resﬁ(ﬁ)éfﬁmef.‘)f received pulse trginscegaivedsnea firstreeaivar.r brBiguee, a

' gotii 5 PRASSS ) t he pul trains is determ ned
;gigregit In\gget ??L%ﬁgé'%g%\-'%m%gsar espeé@%égﬂo[?{e{ e&f’rgfégls_eveerg"ﬁﬁa%c? M%s. The
char act eri sttbdha MO Mipimses wfibe ipgilstetraing reedivey By 4 lseBOnd re&Eiver t R i

- o JAR I .8l . exponential piecew se |inear and the ?i ke) .

WEn T of o enbio A ee A0 and v rios exhbioaUpMastatle e seme ohagad

' LSty - u respective of recejive _
ggf:g;g]i Egst gshtiﬁb(;é? '? ﬁgagﬁﬁt&%ﬁgggi g@c%%ﬁ%aé%ﬁ?%s@‘gcﬁe}'?}éveofm?w P& trains

recei ved by bedyeener Fudheamdre; heharattaristit i TOAQhadasaniat a0l Bag U2l 20
determ nes the.char all%&jer i,stic '@OA phase curve respective of receiver 106

accordi ng t SXIRY R elPLe dimesh WEMEe?ébﬁe@tWéubT PR tipae sbift)r ai ns
recei ved by in eeiginsy 7A0GndWBN dHfSERASE: TROKI IS EGveSUikE 259 I

det er m ned o
10 exhibit curvature of degree greater than zero
In Figure 7C, line 464 is the difference between curve 460 and
curve 462 curve determined according to the difference between
characteristic TAO-phase curve 460 and characteristic TAO-phase curve
462. Line 464 is perpendicular to the time axis and relates to the location

15 properties of emitter 102. Characteristic TOA-phase curves 460 and 462
exhibit a substantially similar shape. However, characteristic TOA-phase
curves 460 and 462 exhibit a relative time shift there between (ie., a
modulo PTRI time shift). Thus, the difference between these curves
results in a constant time value (i.e., intersection of line 464 with the time

20 axis) at point D,. This time value is the TDOA between the pulse trains
received by each receiver. It is noted that the situation may arise where
the emitter and the receiver exhibit relative motion there between and
clock irregularities occur. This situation is similar to the situation where
the emitter and the receivers exhibit relative motion there between.

25 Reference is now made to Figure 8, which is a schematic
illustration of a method for determining location properties an emitter, in
accordance with a further embodiment of the disclosed technique. In
procedure 500, a plurality of repetitive pulse trains, emitted by an emitter,
are received by at least two receivers and the TOA of each received pulse

30 is recorded. The emitted pulse trains include at least one pulse. With

reference to Figure 2, receiver 104 and 106 receive a plurality of repetitive
-21-



in oints P11, P12, P13 and P14. Curve 450 is a strai gh_t i ne.
\1N’5t ﬁcfgtcehregcg to Figure 6D, curve 452 is determned according points P21,
P22, P23 wp3oH2ds23n procedure 508, for each pair of re@_@'ﬂiﬁfo‘il/odﬁbﬁ
| ocation properties of the emtter are determ ned according to the i b
characteristic 20 TOA-phase curves respective of pulse trains received by
each receiver. For exanple, when the difference between the characteristic

. . . “th a
TOA-phase curves of at |east one pair of receivers, is a curve w
degrge equal to or greater than zero, then, the relative notion between the
em tter and RYse teaies earited Ly emitthet 0Mranddetbrt tfg IFED_AtAFeé_cI:f&fé&Bi?\%gs of
e ifference between t characteristic. - Ccu
1 The pai ruibs” TOATSEEF D BEeTaie JQAR ece ai reseiaabang! t he

ot eronce t0 B gre o | ooats oA ST IS, YEEEEUTSE G, Y08 e Withes (e
di f f erence U&faleBse tadignasabA cracsiver T Arqsisess pulsee40l, 4085 ejosersd 104 and
106. Figure £ and records TOA’s respective thereof. With reference to Figures 6B,
receiver 106 receives pulses 420, 422, 424 and 426 and records TOA'’s
respective thereof.
In procedure 502, the PTRI of the emitter is determined. The
emitter exhibits a stable PTRI or a modulated PTRI. The PTRI is
10 determined according to the received pulse trains. Alternatively, the PTRI
is heuristically determined. Determining the PTRI is further explained
below. With reference to Figure 2, PTRI determinator 122 determines the
PTRI of emitter 102. Receivers 104 and 106 receive the determined PTRI
from controller 108. With reference to Figures 6A and 6B time-period 408
15 in Figure 6A and time-period 428 in Figure 7B, exhibit the same time
duration substantially equal to the PTRI.
In procedure 504, for each receiver, the respective TOA-phase
of each received pulse train is determined according to the PTRI and the
TOA respective of each pulse trains. The TOA-phase is determined
20 according to the residue of the division of the TOA of the pulse by the
number of PTRI's counted from the start of reception of the pulse trains.
As mentioned above, this can be regarded as wrapping the time according
to the PTRI's and the TOA-phases are determined according to the TOA
of the pulse trains on the wrapped time axis (i.e., the TOA-phase is a value
25 modulo PTRI). With reference to Figure 2, TOA-phase determinator 112
determines the TOA-phases respective of the pulse trains received by
receiver 104 and TOA-phase determinator 118 determines the
TOA-phases respective of the pulse trains received by receiver 106. With
reference to Figures 6A and 6B intervals 410, 412, 416 and 172 (Figure
30 6A) determine the TOA-phases of received pulses 400, 402, 404 and 406

-22-



30 curve 454 is the difference curve deternined according to the difference
bet ween curve 450 and curve 452. Curve 454 exhibits a curvature greater

-23- th sgizsgure 7C, line 464 is the difference BetWesiRio00473
char act eraviegtzziﬁc1 gé?phase curves 460 and 462. Line 464 is perpendicular to

the tine axis. Thus, the difference between these curves results in a
constant time value (i.e., intersection of line 464 with the time axis) at
point D1. Curves 5 454 and 464 are related to the |ocation properties of
the emtter. It is noted that the system descri bed herei nabove in

conj unct i on respectiviefyices RterdAls 380, 482, 484 dnd 8866(Figud- é’@?}@'@?’%rﬁ\iﬁé
applicable t scale. I n other words, the relative distahce between the
recei vers artgem‘ aseg of fageived iphlsesct 25, d@2, 4R4tanek426, respectiviedy.s or tens

of neters. 10 As nep | By r.according.to the disclosed
t echni que determ neg1t FM accgéggﬁgﬂﬁgggwgﬁr%éﬁf VG thatattesisis . one
met hod for deDArphiasengutvee dFTiRe iptildearaing fier eaeemiad QCBRAIAE! P %he

e di fference hi sto%ram nmet hod the difference between the TOA

. t H H . .

éfc cg(rjjd;(r;gm Qrpcérgécg?sgrsereépﬁ%\g%@fit eJerpedgpulse oraimea ahEL@T&ESQtf?StI¢f 15 a

k ab I | &;he &0 | | the hat difference is
ot r m ned i SgEruvg Sotattrinthdd By AT e B FoAdifiases derm
hi st ogr am wipdyriameiatji éXpenential bmcmmec'i gnlcii@arTQQd ;pf:.]e ai]!(_gyl ?/eiﬁ@r,}tgfetnlrg,gcrﬁTg_?_\h?L t he

I t i s determ.ned and added to the first histog

o o 52 M RS LS Lo ik o L
hi st bi i Taka t ) : PIRL. a_ desired degree
o “acour acy | erERAICTEN phase, Qi NecpaB B FEbivey 108 Peidaireta ch
only thetoTOMe obaradteriplic JEA iphashkerdspactivdiof thexhulbé ttraihSaecbiigbe By peak.

dingly, th di fferences. arranged in a new histogramwherein
cach bin i 3 SbUGET 1000 phLRRT TOATRAER Geterminmir cidbdetssminery and

this new hi st@gharadterisiATOIRBHESE o@ﬁ@&%séJéHﬁ%e & fetBlvet 16 %g&grﬁg%ed
accuracy is determned. Alternatively, the systemaccording _
di scl osed t &M gharagieristici HEd-phesePiRipestive né the pelsecttaipg! reeeivedibis by

?;ﬁ;gi 2]9 ng%%%%rvgbé]e:ss\mther'éferné%rcg %oh%gt?rge%C?fCl}rog 4Pé|_()RI isV\éétglrrﬂinaergi ‘nitial

15 according points Py, P45, P13 and P4,. Curve 450 is a straight line. With
reference to Figure 6D, curve 452 is determined according points P,q, Py,

P23 and Py,.
In procedure 508, for each pair of receivers, the location
properties of the emitter are determined according to the characteristic
20 TOA-phase curves respective of pulse trains received by each receiver.
For example, when the difference between the characteristic TOA-phase
curves of at least one pair of receivers, is a curve with a degree equal to or
greater than zero, then, the relative motion between the emitter and the
receivers can be determined therefrom. As a further example, when the
25 difference between the characteristic TOA-curves of all the pairs of
receivers is a constant value, then, the location of the emitter, relative to
the receivers can be determined therefrom. With reference to Figure 2,
location properties determinator 124 determines the difference between
the characteristic TOA-phase curves of receivers 104 and 106. Figure 6E,
30 curve 454 is the difference curve determined according to the difference

between curve 450 and curve 452. Curve 454 exhibits a curvature greater
-23-



30 The system determ nes the TOA-phases of the received pulse trains for
each initial guess. For each PTRI guess, the systemdetermnes a -24-

hi st ogr anyvef0{ih@s2BSA- phases, determ nes the maxi num val gerhi@#6d4fy St ogram
and selects the PTRI whereat the maxi mnum of maxinmum (i.e., of the histogram
val ues) occurred. Thereafter, the systemiteratively repeats the process
with a new set of 'guesses of PTRI's, within a range of 5 possible PTRI'Ss,
which is smaller the initial range and includes the PTRI whereat the

maxi mum of maxi nuns occurred. It will be appreciated by persons
skilled in tthanazerot hkigurbe7@j fink ot ig eltréndiﬁﬁ%xenbe blglwr?bhn&m:ﬁdcteyis%a; thﬁs
been partic rly shown and scrj bed herei nabove. Rather the scope o e
di scl baed { eLHATBRASS Lungathd gﬁ?y biper hed & wemendipilan te dhe dine CLAI M5
1. Method fogyidle | {H AGRid e‘?ﬂ{ﬁ ' I t g
repetitive g‘fﬁlgeqﬁpg ﬁ”f‘? (faf%F,‘I vedeﬁﬁt %%gt%% tr\\%\l-,fbs '%ré_é]g?‘\'/itragoqsﬁéeﬁt%rbﬁod
conpri si ng tvaug(iozeihierssction drieeeddd mgthsthiedtime Eads)tatysipuDse QGurgess, by

Cae O S 8k ah TPl 4 iR aoh SoonhaF b AT VAl (TOY

It is noted that the system described hereinabove in conjunction
with Figures 2, 3A, 3B, 4A, 4B, 5, 6A-6E, 7A-7C and 8 is applicable to any
scale. In other words, the relative distance between the receivers and the
emitter may be in the order of tens of kilometers or tens of meters.

10 As mentioned above, the system according to the disclosed
technique determines the PTRI according to the received pulse trains.
One method for determining the PTRI is the difference histogram method.
According to the difference histogram method the difference between the
TOA of adjacent pulses are arranged in a histogram of TOA differences. If

15 a peak above a threshold is found in the histogram, then, that difference is
determined as the PTRI. However, if a peak is not found, then, a new
histogram with the difference between the TOA of a pulse and the TOA of
the next pulse but one is determined and added to the first histogram.
This cumulative histogram is examined for peaks. Once a peak is found,

20 the histogram bin of the peak is determined as the PTRI. When a desired
degree of accuracy is required, then, the above procedure may be
repeated with only the TOA's of the pulses in the bin, which exhibits the
highest peak. Accordingly, these TOA differences are arranged in a new
histogram wherein each bin is associated with a TOA difference of

25 increased accuracy and this new histogram is examined for peaks. Thus,
a PTRI with increased accuracy is determined.

Alternatively, the system according to the disclosed technique
determines the PTRI of the received pulse trains by guessing initial values
(i.e., more than one) of the PTRI within an initial range of possible PTRI's.

30 The system determines the TOA-phases of the received pulse trains for

each initial guess. For each PTRI guess, the system determines a
-24-



determ ning the Pul se Train Repetition Interval (PTRI) of said emtter;

10f or each receiver, determning the TOA-phase of each received pulse train
accor di ngyboofdisghsFTRI and said TOA respective of each pglrgeadii/diodis

for each receiver, determ ning a respective characteristic TOA-phase curve
of said repetitive pulse trains received thereby, 15according to the

TOA- phase respective of said received repetitive pulse trains; and for
each pair of receivers, determning the |ocation properties of said emtter
according to the characteristic TOA-phase curves respective of pulse trains
recei ved by kiatigramcef vee TQA-phasHse deterimvideadber thaxinum vhkieninl easher ei n

id dur. f det 1 Nni th ti ti jd em¢tt
Phcl ubes. ©ndsisRt 4 ge e e PIRE e Bt flechekim o Amakinyra £
TOA-phase cusivéife HStogramhoalliRENstcarear diTerkartet, aiH8 %gsf@ﬂﬁfifé:rati\?@kg

procedure of determ ning |ocation properties includes détermning t
nmot i on pr opdiepeats e pracase mith @ new sttofrguesses af EIRIisgvithin alrange f

wherei n sai Of det erm ni notiqn propertiges ingludes

det er ni nisngdqcﬁsréc‘%igfgf?{/% Wﬁ'{cﬁqo'rcf %B?@l\%ewes'é‘iﬁl?léﬁi‘& éar”d:m"‘ggsdﬁ‘% PTRst two

receivers. TRergat fiesinR6@AUA SOmbRInGUrAL Bcdurrgfer ei n sai d procedure of

determ ni ng notion ﬁroperti es includes determni Ir(uﬂ the trajectory of said
ille

emitter in a refereHcWiltder @ipRsediategdsbynpersons skilled in the "art that the
disclosed technique is not limited to what has been particularly shown and

described hereinabove. Rather the scope of the disclosed technique is

10  defined only by the claims, which follow.
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The net hod according to claim2, said procedure of determ ning |ocation
properties includes determning the location of said emtter in said

ref er enceypogidisgase system The nethod according to cl aci@ue N said
| ocation properties are supplenmented with additional |ocation information

to determne the |location of said emtter. The nethod according to claim7,
wherein said additional |ocation information is a line representing the
direction of said emtter relative to a known location in said reference
coordi nated system The nethod according to claim7, wherein said
additional |ocati on information is a CLAIMS representing the distance of
said emtter_ relatjve {‘Q{ aeknown | ocation in said reference coordi nated

0

system 25 1o. Madode teEewng nigcation | RIPRettieswREran emaitter,camiittige of
the repetitive Fﬂéb?ﬁtl\}er Bbl@é trélﬁ§Qe{:&vg oy 51 k&gt bS r&%@l{/&%t ?ﬁ%ﬁétﬁgd

TOA- phase of one of said at e vers, 1S Sent
repetitive pul seompisisg thmdrdceddmseof'n ne t he char acteristic TOA-phase in
the other said at |east .one r(fcel ver. 11, The method according to claim

1, whereith said PTRISGEVIRG §Aid feRetilive Ryé‘ieeFfm%eay each ofsaid ahteagbiwmed
according to cl Qﬂb@él@‘ers"“gﬁé ‘?b@or%?r‘ndlj_tﬁg RlimleS g%rﬁ@ﬁ‘ {‘I‘@A? %%%ﬁmSéq the

di fference hi stogram neth he net ho accord erein
det er m ni ng sai ¢aRTRiceived nepetitivd pulsettrginecedur es of :
guessi ng at Ieas:[ Oggtérrrrqlrtnhglth\éa queOII'ras‘lﬁII Igegc;rt%onwlrgtgirvgla( Rnll)t fas!alI orange
of possible PTRI

emitter;

10 for each receiver, determining the TOA-phase of each received
pulse train according to said PTRI and said TOA respective of each
pulse train;

for each receiver, determining a respective characteristic
TOA-phase curve of said repetitive pulse trains received thereby,

15 according to the TOA-phase respective of said received repetitive

pulse trains; and

for each pair of receivers, determining the location properties of
said emitter according to the characteristic TOA-phase curves
respective of pulse trains received by each receiver.

20

2. The method according to claim 1, wherein said procédure of
determining the location properties of said emitter includes the
determining the difference between said characteristic TOA-phase
curves.

25

3. The method according to claim 2, wherein said procedure of
determining location properties includes determining the motion

properties of said emitter.
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determ ning the TOA-phases of the received pul se trains according to each
one of said at least one initial value; for each guessed PTRI val ue,
det er m niwe 2011s8d3@gr am of the deternm ned TOA-phases; 1pgehEioi/miods t he
maxi mum val ue in each histogramand selecting the PTRI whereat the maxi mum
of maxi muns of. sai d hi stogram val ues occurred; and repeating fromsaid
sub-procedure of guessing initial values, with a new set guessed PTRI
values, within a range of possible 20PTRI's, which is smaller said initial
range and including the PTRI whereat the maxi mum of maxi mums occurred. 14.
System for dét erihieni mgthast aa¢aamdipgoper tlaim &, ameesint safd proceqydt &

cornprising: 25at .|east two receivers, each receiying a plurality of
repe!toi ti vegpul sé}ett?%?'ﬁyq r'BFhE'gai arepgrties !nclucfes ﬂetﬁﬁaﬂng)n‘é\eﬂfﬁétl@ﬁ

Arrival (TOA) refrelidiebetvicBiPsSd %ﬁé@%% a{e%%%} B,L(}(\peéeq\g Lvers, said at

| east one TOA recorder recording t “pulfse’in”Said plurality
of repetitive pulse trains; 30a Pulse Train Repetiti ondl nt e(rjval (PTRI) .
determ natorp C led with said,at | east one TOA recorder, determ ning e
PTRI of the 22g.11e method according to claim % wherein said procedure of
determining motion properties includes determining the trajectory of

said emitter in a reference coordinate system.

6. The method according to claim 2, said procedure of determining
10 location properties includes determining the location of said emitter in

said reference coordinate system.

7. The method according to claim 2, wherein said location properties are
supplemented with additional location information to determine the

15 location of said emitter.

8. The method according to claim 7, wherein said additional location
information is a line representing the direction of said emitter relative
to a known location in said reference coordinated system.

20

9. The method according to claim 7, wherein said additional location

information is a circle representing the distance of said emitter

relative to a known location in said reference coordinated system.

25 10. The method according to claim 1, wherein at least one of the
repetitive pulse trains, used to determined the characteristic
TOA-phase of one of said at least two receivers, is absent from the
repetitive pulse trains used to determine the characteristic
TOA-phase in the other said at least one receiver.

30
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pul se trains emtted by said emtter, according to said TOAs of said pul se
trains received by one of said at | east two receivers; at | east

one TOA- Rk}ﬁ%ﬂgﬁ%%%m nator, each coupled with said PTRI ggghgfdﬂ/ﬁﬂ%?j,sai g

determning t - phases of the pulse trains 5received by eac

recei ver respectively; at | east one characteristic TOA-phase

determ nator, each coupled with a respective one of said at |east one

TOA- phase determ nator, determning a characteristic TOA-phase curve of the
pul se trains respective of each of said receivers, according to the

10TOA- phases1t.esfiex methodfacsarding ubseaint di mehareiresaiddP PRI eagburiskgillyer ; and
a location properties determ nator, coupled with each of said at |east one
characteristic TSCHARSE- det ermi nator, for each pair of said at |east two
receivers, said |ocation properties determ nator 15determ ning the

di fference between the characteristic TOA-phase curves, respective of each
recei ver in sai dipimethddracerdiagsto daim Thevissreiresaiic PARIiisgidterneinadm 14,
wherein said TDOA and | oca"t‘i OR_f determ nator determ nes said | ocation
properties of s&GOEHNE{R e diffesencphistagraghetherbr di nate system rel ative
to said at |least two receivers according said difference between said
characteristic TOA-phase curves. 16. The system according to claim
15, wherein £3i dHeceethod pcapding &s cEEinnd| weeenstrt idetenpriniper taies PTRI

includes the sub-procedures of:
guessing at least one initial value of said PTRI within an initial
10 range of possible PTRI's;
determining the TOA-phases of the received pulse trains
according to each one of said at least one initial value;
for each guessed PTRI value, determining a histogram of the
determined TOA-phases;

15 determining the maximum value in each histogram and selecting
the PTRI whereat the maximum of maximums of said histogram
values occurred; and

repeating from said sub-procedure of guessing initial values,
with a new set guessed PTRI values, within a range of possible

20 PTRI's, which is smaller said initial range and including the PTRI

whereat the maximum of maximums occurred.

14. System for determining location properties of an emitter, the system
comprising:
25 at least two receivers, each receiving a plurality of repetitive
pulse trains from said emitter;
at least one Time Of Arrival (TOA) recorder, coupled with said at
least two receivers, said at least one TOA recorder recording the
TOAs of each pulse in said plurality of repetitive pulse trains;
30 a Pulse Train Repetition Interval (PTRI) determinator, coupled

with said at least one TOA recorder, determining the PTRI of the
-28-



17. The system according to claim 16, wherein said TDOA and | ocati on
determ nator determ nes the relative notion between said emtter and said

at | east Wpool@Ggisyers according to said notion propertipggaLaRiookds3 The
system according to claim16, wherein said TDOA and | ocati on determ nator

determ nes the trajectory of said emtter in a reference coordi nate system
according to said notion properties. 5 19. The system according to claim
15, wherein said TDOA and | ocation determ nator determ nes the | ocation of
said emtter, in said reference coordinate system according to said

| ocati on proper tpudse tr2ns Ehﬂ'ttedﬂyesnidcnmittdairngcd;ardﬁgatmséi@l, TOWer ef saidai d
TDOA and | ocation 10 determ pator det egé@lges sal | ocatjon of said emtter

according to an 9%§%Fr§mre&ﬁ'vﬁﬁeb%9’b%P Atdeag monr@&ea’@&irdi ng to the
di fference between tatﬂgeéé'l%ﬁ@ ﬁRA q’% ol D¢ ﬁﬁﬁ&o?“éé(@n rcgﬁgpeq)t W 8 ,done
er ol a de

pair or receivers, anot term ned according to t
di f f erence bet weRFRt kieterhanatorede@rnnmﬁ@éhph‘é@é\ phases ofaﬁmapulseetralhs

15anot her pair or rec |vers ﬁ?ﬁiahe nmet hod actc ording to claim 15, wherein
said location pr 85%'1"? eFeh Q ERESIVEIISHPERURIMi t i onal | ocati on

information to detem T@as&h%nbo%ﬁak&‘ieﬁénéﬁéﬁ 44&" detePmirfator, N@aER! hod

according to claim?21, wherein said additional Tocation infornation is a
line representi rtg;pupllﬂd duntfecalr@spettlvmlwaemft said atlleasl @neo TOAmMhASE

ool ol m 21, “whaISFHNERIY: ARIFTTBRG 51 SLAECGStRT BOAPNOSP (o G Fe -

representing thegéstins r@fspé@tl\/é BfMebkR  of ShRMt FaRivetsa akBOMng A6 &hieon i n
said reference coordi nated system
10 TOA-phases respective of said pulse trains received by each
receiver; and
a location properties determinator, coupled with each of said at
least one characteristic TOA-phase determinator, for each pair of said
at least two receivers, said location properties determinator
15 determining the difference between the characteristic TOA-phase

curves, respective of each receiver in said pair of receivers.

15. The system according to claim 14, wherein said TDOA and location
determinator determines said location properties of said emitter, in a

20 reference coordinate system, relative to said at least two receivers
according said difference between said characteristic TOA-phase

curves.

16. The system according to claim 15, wherein said location properties

25 include motion properties.

17. The system according to claim 16, wherein said TDOA and location
determinator determines the relative motion between said emitter and
said at least two receivers according to said motion properties.

30
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24. The system according to claim14, wherein at |east one of the
30repetitive pulse trains, used to determned the characteristic TOA phase
of one ofwgahfl/@ksbeast two receivers, is absent from thernBfnedgmetitive
pul se trains used to determine the charact eristic TOA-phase in the other
said at | east two receivers. 25. The system according to claim 14,
wherein said PTRI determ nator 5heuristically determ nes said PTRI. 26. The
system according to claim 14, wherein said PTRI determ nator determ nes
said PTRI according to the difference histogram nethod. 10 27. The system
according to18] alhe §4$temace®wdirﬁgm olitre & wéleminomi@rTrﬁ)(aAsambilatan‘ch
according to thed f,0l O&‘ﬁgd rocedur es ﬁf: at | ea§t one
initial value of9&&AN S pIaCIRTY, %fé cﬁm 541 &3

det er mi ni ng the ddehdipaes System é&@)rﬁﬁ@etbvﬁid Mtﬁﬂ] ,g,ro@bﬁ%swaccor di ng to each

one of said at |east one 1nitial value; for each guessed PTRI val ue,
determ ning a h| stogram of the determ ned TOA— phases; det er m ni ng
t he maxi num i n_each _hi st tln th wher eat. t he

i rmum of il b Y EER ACRI TG 37 B 51 HEEHGE A PO 16iohheat i ng
fromsaid sub- prd&édﬁrn@t&fdegéﬁﬁme@ghe%éatmn Y8 Bmittet,n areMsfeRincauessed
PTRI values, within a range of possible PTRI's, which i's smaller said

initial range arﬁquﬂ@BMSYﬁjeﬂh@CWFd'nmﬁéﬁt|0@ﬂ%0m’9mnﬁn‘h$$)f maxi nums
occurred. 25 28. The system according to claim14, wherein the nunber of
said at | east one TOA-recorder, equals the nunber of said at |east two

receivers, apd. The system according to claim 19, wherein said TDOA and location
10 determinator determines said location of said emitter according to an
intersection one hyperbolas determined according to the difference

between the characteristic TOA-phase curve respective of one pair or

receivers, and another hyperbola determined according to the

difference between the characteristic TOA-phase curve respective of

15 another pair or receivers.

21. The method according to claim 15, wherein said location properties
are supplemented with additional location information to determine
the location of said emitter.

20

22. The method according to claim 21, wherein said additional location

information is a line representing the direction of said emitter relative

to a known location in said reference coordinated system.

25 23. The method according to claim 21, wherein said additional location
information is a circle representing the distance of said emitter

relative to a known location in said reference coordinated system.

24. The system according to claim 14, wherein at least one of the
30 repetitive pulse trains, used to determined the characteristic

TOA-phase of one of said at least two receivers, is absent from the
-30-



wherein each TOA-recorder is associated with a respective one 30of said at
| east two receivers and coupled therewith. 29. The system according to

cl ai m 14,wehe{@isghzghe nunber of said at | east one TOA- phaggLsgl/EfFFzNat or,
equal s the nunber of said at |east two receivers, each TOA-phase

determ nator is associated with a respective one of said at |east two
recei vers, each said TOA-phase 5 determ nator is coupled with a respective
one TOA-recorder, each TOA-phase determ nator determ nes the TOA-phases of
the pulse trains received by the respective receiver thereof. 30. The

syst em accor di ngepetittleai pulsé, trbimsei usache tourdederndinesathe acharactesstic one

characteristic phase d nat or uals the .nunber of said at | east
two receivers, gﬁ/ﬁ ﬁé ?réaﬁﬁtﬁe%sf ALEH S Sat or i s associ at ed

with a respective one of sal d at least two receivers, each said
characteristic TOA-phase deternmi nator is coupled wt h a respective one
TOA- phase de2%r ﬁﬁheas;asterreacnomﬁngi'oo cieimadde wharein Jad- BHRS determenatonat or

determ nes the chara tic TOA-ph urve of the pulse trains received
by the respecti ur”éﬁ‘é?eliye‘? tFH@F@&fSDa'g?berF%-

26. The system according to claim 14, wherein said PTRI determinator

determines said PTRI according to the difference histogram method.

10 27. The system according to claim 14, wherein PTRI determinator
determines said PTRI according to the following procedures of:
guessing at least one initial value of said PTRI within an initial
range of possible PTRI's;
determining the TOA-phases of the received pulse trains
15 according to each one of said at least one initial value;
for each guessed PTRI value, determining a histogram of the
determined TOA-phases;
determining the maximum value in each histogram and selecting
the PTRI whereat the maximum of maximums of said histogram
20 values occurred; and
repeating from said sub-procedure of guessing initial values,
with a new set guessed PTRI values, within a range of possible
PTRI's, which is smaller said initial range and including the PTRI
whereat the maximum of maximums occurred.
25
28. The system according to claim 14, wherein the number of said at
least one TOA-recorder, equals the number of said at least two
receivers, and
wherein each TOA-recorder is associated with a respective one

30 of said at least two receivers and coupled therewith.
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10

15

29.

30.

The system according to claim 14, wherein the number of said at
least one TOA-phase determinator, equals the number of said at
least two receivers, each TOA-phase determinator is associated with
a respective one of said at least two receivers, each said TOA-phase
determinator is coupled with a respective one TOA-recorder, each
TOA-phase determinator determines the TOA-phases of the pulse

trains received by the respective receiver thereof.

The system according to claim 14, wherein the number of said at
least one characteristic TOA-phase determinator, equals the number
of said at least two receivers, each characteristic TOA-phase
determinator is associated with a respective one of said at least two
receivers, each said characteristic TOA-phase determinator is
coupled with a respective one TOA-phase determinator, each of
characteristic TOA-phase determinator determines the characteristic
TOA-phase curve of the pulse trains received by the respective

receiver thereof.
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