Met hod and system for calibration of a radio direction
finder FIELD OF THE | NVENTI ON The present invention
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particularly to a nethod and a systemfor calibrating
a radio direction finder. BACKGROUND OF THE | NVENTI ON
Radio direction finders (RDR:-1lare well known in the
art as tools for finding the direction to a source of
el ectromagnetic radiation. A direction finder may, for
exanpl e, be a ground-based, an airborne or seaborne
systemthat provides a possibility to |ocate or

noni tor various radi o signal sources, stationary or
nmovabl e Methodeard syséemdfor icalibli-atian oba radiot divedtizar finder
line to the source. RDFs have many applications which
may require the ability to determ ne the coordi nates
of radi o source over a broad range of broadband
frequencies. For instance, w deband RDFs may scan a
frequency range of a few MHz to several thousand MHz.

utilizes an array of antennas
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antennas are carried by a nobile pl atform such an
aircraft or ship, to receive an el ectromagnetic signal
and process it for obtaining the bearing line from
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radiation. In that regard, 1f the position of the
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and/ or phase conparisons of the signals received b
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may scan a frequency range of a few MHz to several thousand MHz.

A radio direction finder utilizes an array of antennas (usually two or more)
dispersed along the surface of the measurement platform. For ground-based
systems, the antennas are typically stationary and the directional information
obtained is used to locate the signal source. In aerial or nautical applications, the
antennas are carried by a mobile platform, such an aircraft or ship, to receive an
electromagnetic signal and process it for obtaining the bearing line from this
platform to a source of electromagnetic radiation. In that regard, if the position of
the signal source is fixed and known, RDF can be used to determine the platform's
position relative to the fixed signal source and, hence, the platform's location.

Alternatively, if the platform's position is known, RDF can be used to locate the



el ectromagnetic radi ation. Since the antenna's
patterns are affected by the platformon which they
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account for uncal cul able effects. Referring to Fig. 1,
t he conventional calibration of an airborne radio
direction finder can involve-2ke flying of a
surveillance aircraft 11 in a horizontal plane in a
. ¢ . _ o
Sl ol R e, T 20USe Sl Ho el Fongpdiiers wsed by
enang moops,randnAssiangadcas assogiatednslith adaponas edordinance, or can
station in the known |ocation on the ground, and a
baradiatien Gany aydype of eomatunaeaiions deviche aircraft 11.
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depression angle can be close to when the aircraft

on whishathey faro mouded al calitaatiam process s reqiretoto agdousgt for un-

be c e 10,90 when the aircraft flies directly over
Pﬁ@u{?gfe‘lﬁe&ﬁ'on transmitter 12. Referring to Fig. 2,
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frequency range, the calibration signal is sanpled

pleme i rme ciroulahahamneseso dhatr érpuiarerhft teqednd6@s i) ,azimuth. The

2, ..., fntransmtted c]\écl ically tg the aircraft

celdbration gystsohdnelen Bacalibratipnt irgsmifer 42 aggngedat a ground

t calibration. process,, a set of. calibration tabhles .

bt 8TBbp 38 e RARERLIOPARR oSl Bl tpER Cabrdifon receiver

3P hiy andher airfiage1fl fiier saﬁﬁtiaﬁt@miﬁéﬂ 1) % capable of

received by the antennas, frequencies/}, , ...,/",

aahsmitting eicadnifaanétic signalsfimapedaiepnassl Bequengl eangdhwhile the
where n is the nunber of the neasurenent

%j@@.ﬁt’eﬁg@;é% in the mepnnes that #lé requitsk aziotuth ragles| @ongddepression
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{HeaifRag lﬂﬁ@ﬁfﬁoﬂyﬁfv@r Y dalibeation rardhdtéhe2.puri ty of

t he environnmental spectrum In the conventi onal

cal i bRaférongt tecRig. RJjean ezemplaregliggrasn bf a conventional calibration
electromagnetic signal transmitted by the calibration transmitter is illustrated. For
the predetermined frequency range, the calibration signal is sampled over time so
that a set of required frequencies f;, /5, ..., f is transmitted cyclically to the aircraft
from the ground calibration station. As a result of the calibration process, a set of
calibration tables is formed establishing a relationship between amplitude and/or
phase differences between signals received by the antennas, frequencies f}, /5, ..., /o
azimuth angles @;, ¢, ..., @, and depression angles @, @,..., @; where n is the
number of the measurement frequencies, m and k are the numbers of the selected

azimuth and depression angles, respectively, at which the measurements are carried

out. The quality of the calibration is dictated by the number » of the frequencies



transmtted/received for a relatively long tine
period, e.g., 250-500 mlliseconds, that results into
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data, which can be collected during each collection
circle of the vehicle, do not exceed the data
correspondi ng to about 10 fr-efuenci es. Anot her
dramback of the conventional calibration technique is

e e

ih@tﬁﬁ{tyabeﬂfeeeﬂmntdmﬁdﬁaﬂspmﬁhﬁ origi nated from external
transmtters. Conventional | if such interference is
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elimnate the interference data fromthe corrupted

darrespondimgdtr aboutid@ frequenciaye darathiérodrawtbask of the conventional

Libration table. ver e conventi onal,
P&hxﬁﬁl%ru dechndquee iy gh.’fﬁ%&ﬁ%@&%ﬁ feangpgisip time period also
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to the measurenents at the first frequency f fromthe

setiddd, thie Pperator, ufually aSJestsdhe alletied sdata el thien resumes another

|ntercept|on of the first signal of the correspont%
eolisgtioncyt ithe glata gyithed. frepaencyt ﬁﬁS%fyg@%?ﬁp@négg {Q the;anterfered

f t.he f
SRR GG e Bn il il AR, € “necdlfF bt ity petween
Qﬁeqrbgﬁatfe' Eiphals! ﬁﬂd‘%ﬁé‘z‘fe?éd tigha3et and) tR@€fore cannot eliminate the
r nsm sSion cycle. Any tine that this frequency is

imérdereacedata filont lige eonriptedndais irl erder tormgedt ifor generation of a
signals, it can cause |ose of the synchronization.
alibwatiomtableer to avoi d the interference with the

e SRRSO NGH | s N GEbARIH Bocen e

%1;86&1% @%sﬂﬁ&eﬁ’ Ira.natthe rlbdhfil ShIShBR6E SebdiPR 1shBaskaubs %Sdetectlon

the environnent el ectrorragnetl C si gnal s. Because of

presss. Maeopecifidaly ciarthie begionalg, tlad dhbedrd @alibratioassceiver is set
requires intensiveinteraction between the ground
tor tiegneasyreanens at therfighirequrncybbanytheset At br s;» futissaon as the

%cpfszﬁ dpt'g?ﬁ%b gﬁ:ggt ¢ _firs% esrlér%rlegf G ngorreesggﬂgmg frequency is
performed. Then, the system steps to the next entries of the frequency set. Hence,
the conventional synchronization is based on the detection of the first frequency of
the set in each retransmission cycle. Any time that this frequency is interfered with
the environment electromagnetic signals, it can cause lose of the synchronization.
Thus, in order to avoid the interference with the environment electromagnetic
signals, the calibration flight, preferably, is carried out at only certain hours of day
or at certain distances from the sources ~of the environment electromagnetic signals.

Because of these reasons, the conventional calibration process requires intensive



SUWARY COF THE | NVENTI ON Thus, there is still a need
in the art for, and it would be useful to have, novel
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techni ques. The present invention partially elimnates
di sadvant ages of the conventional calibration

techni que and provi des a new #rpl enent ati on schene

whi ch enabl es to enhance the calibration process.

. . i . ! ¢
e
abiehby tedlf Birdasesiheriawrfetapakhad deedntios skilled ground operator.
transmtting/receiving each frequency is set to a
predeterm ned val ue. Preferably, this predetermn ned
value is selected to be as short as possible, e.g.,

0.2-100 mlliseconds. The limtation on the duration
SUMMARREIOF THE INVENFIONt ed with a magni tude of

the signal-to-noise ratio required by the on-board

cal i biTats,ahereds efill @rnecedhie tlbeart Easandit wdd deaisefitlitorhave, novel
decreases the probability of interference with the
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according to _anot her enmbodi nent. of the.inventi t he .
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Positioning Systenm). In other words, contrary to the ]

pri or Ageording Hai enee emhledinecnithef thenthieatipr dhe gpvesent invention, a
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conmunit € equenc nals at t

tHiqgeddéte@finad dvdles a6k Velecedso Helht hBbroaS possible, e.g., 0.2—100

accordance with yet anot her enbodi nent of the ) i

millisacansls, The disnitation on the duration off the Hojsll tine 43 nenoyiated with a

selected wi,thin the dwell .tine.r e.for transnj.iti.n .
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theetreitabhetid §iBn13 8@ ehe drividoRept.esent invention, only a

part of the dwell time range is used for the ) )

t r ansMarsover, adtmeding foi atherrembodimtentiof the invegtipn) e receiver

and the calibration transmitter are synchronized in time by using a common
synchronization source. An example of the synchronization source includes, but is
not limited to, GPS (Global Positioning System). In other words, contrary to the
prior art technique, where the synchronization is based on a detection process and
no time synchronization is utilized, the present invention employs common clock
signals for synchronization communication frequency signals at the calibration
transmitter and receiver ends.

Furthermore, in accordance with yet another embodiment of the invention, a
certain time interval (“hop” duration) is selected within the dwell time range for
transmitting each desired frequency. In other words, contrary to the prior art

techniques, where the time interval used for transmitting each desired frequency



with a predeterm ned known duration used as a codi ng
of the frequency signals enables the systemto
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envi ronnment interference. According to a further

enbodi nent of the invention, the hop duration interval
is located at the m ddl e of +the-dwell tine range. All
ot her signals that do not neet these requirenents are

é@%@ﬁ%ﬁ%ﬂmﬂﬁe st%?leﬁ@mfi %?ﬂg%}lt i%oﬁlleaﬂrégerﬁ ﬁ%{rfé{ti.o‘fls o 9’; 2 part of the

rementioned need _ I ng ‘a ca I'Oh 'S
awell Riogy ta‘iﬁ'fg_@ ds aSdd R did Ransadbsion OThegilixitioh of a transmitting pulse
direction finder. The calibration systemincludes a )
withi & pacdetermined kmownedyration alsedraatd oodingoad therfrequency signals
herein also referred to as "target. platfqrni), .and a,
é@ﬂi»é?ﬁ@ﬁisy%tﬁmow el 1 8o mors i et Sewall proviaiE entironment
. , ot Cver ‘ .
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Bfterad] & Ioeated et GRé nMdald SMtheYEvEMinR Sake! Alltdther signals that do
calibration system a seaborne calibration system
aothoet theseuequiraebtsaré omedtgdt em Accordingly, the

calibration transm.tter and the_caljbrati.on recejver, ...
each &8f PEseat HyRgEN é{smﬁ@ 1stigs the aferemengiongd need by providing a

SRRSO e ot PRk R o alih dBPStor D€ il 4 GREdgM finder. The
Ealibrigo iS%’ﬁ@ﬁ‘l RRIdes aO¢alDtRIdnORMIMmitteE @éﬂ}ﬁ%&i&@ réRiver (herein

enbodi nent of the present invention the calibration

aisamefetetdo ab ftirgetqdatforny e 4 symohramizaiomacloek source coupled to
transmtter synchronization nodule, a frequency signal
glondsismitier ¢hd I9eeiplansni t ti ng ant enna, and a

cynchfofo e fguSicd s el ol faption, system can be an
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radi ati ng el ectromaghetic radiation in a predeterm ned
wystemf aed/oe gegurrdaoglébratiom systemi Aedodiinglyt thercalibtegion transmitter
transm tter synchronization nodule is configured for

prd thelj gadibratipns receiver, §94ic krw ez atrpeged bR 8t dersgsirial or non-

gegx[‘e?é{riﬁ %Eg%m?nt?%{s? g][t%tgg{?g%livgtg&g Iﬂ.lg# El%(rjl-t]ér%strial calibration
e e R

According to an embodiment of the present invention the calibration
transmitter includes a transmitting antenna, a transmitter synchronization module, a
frequency signal generator coupled to the transmitting antenna, and a controller unit’
coupled to the transmitter synchronization module and the frequency signal
generator.

The transmitting antenna is configured for radiating electromagnetic
radiation in a predetermined wide frequency range in a required direction. The
transmitter synchronization module is configured for providing transmitter
synchronization clock signals. The frequency signal generator is configured for
generating communication frequency signals corresponding to a list of

predetermined frequencies. The controller unit is configured for receiving the

transmitter synchronization clock signals and producing controller signals required



transm tter synchronization clock signals and
produci ng controller signals requiredfor triggering
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generate the frequency signals sequentially fromthe
list of predeterm ned frequencies during hop duration
intervals |located within dwelb-tine ranges of the
comuni cation frequency signals. The calibration

£ ok Etind UPrl67 ShMEReRIeHRY, AEUERGu R BEEAUR! the froquency
bighdRIsegaaaily 38sa Qh@li@@oﬂ\f)ﬂeﬁefeﬁﬁmrmc%&hci%@ Tdﬁﬁlﬁgfhop duration

and coupled to the receiver synchronization nodul €.

intarvplsdocated whthinl dwel ttinoe refrigesi of thesrsmunication &eqency signals.

are n lim.ted to, COVII\ITsiétemELII\I'I's tem and )

radar ‘d@fr SEHPEHOR| FRACRYFLs el %WYngg qrfliennas, a receiver

' r chni r I.S: .
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recei ver synchroni zation nodule is configured to

provi Hxaswypieshob ther aiteotion | forder ssegsai schepleal but carehmot limited to,
er_.synchroni zati on

| ack signals_of the transmit )
ST syRiempBLONT dyetere ani: 6@A4‘fidﬂiﬂ’éﬁ°% dndae systems employing an
' . nning the sane |ist of predeterm ned
&&glg%u%ﬁceﬁgrs{e%ﬁﬁét he ground station, intercepting
frequamey tgNalfS dt@iine il e@oﬁﬂ?‘n‘éﬁ_ hep deeind | 9a4ibl Meequency
intervals loCated within the dwel'l tinme ranges, and
electrotiaggetad | travishssidrse db@mnc yhes | gphiblatione dednsantted. t The receiver

the dwel |l . time yanges having duratign different, than .
sYRehroZatinma imashile iiseonfiguradata pravide cymchioaizagign clock signals

nd, system of ~t.he present inyent. on has Ny Of
BR3P I SG ke CRRTRRE! satEFOaffor BBt onboard
WhbéigorS FRMEL 3AREME YorTVERE@THP ScARR: e §dific list of predetermined
di sadvant ages normal |y associated therew th. For
fegopicies tbdn khevgrodnd atatiom, dhterdeptingafrsqudricy nggpalk sesmsmitted
corresponding to transmtted caljbration frequencies
Ayring dapp euratione Hmey intervadss locseds ivgHiEn stheedwiell edmgyranges, and

LG Rl alheb soPaSs e R iR Tas HEeD e gt having
Hf4@lon WHGRAPMaA YR ROP durtiidh irhd irfkeR, easier o

ain permssion to operate the ation system
The calibration method and system of the present invention has many of the

advantages of the technique mentioned theretofore, while simultaneously
overcoming some of the disadvantages normally associated therewith.

For example, the known duration of the transmitting pulses corresponding to
transmitted calibration frequencies is used to filter out undesired signals received
by the calibration receiver.

Moreover, the signals having short duration pulses cause minimal
interference with other neighbor systems. Thus, it makes easier to obtain
permission to operate the calibration system.

In accordance with the calibration scheme of the present invention, the
number of transmitted frequencies and the number of retransmission cycles (per

flight) can be increased, thus better resolution in frequency and angles can be



In accordance with the calibration schene of the
present invention, the nunber of transmtted
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(per flight) can be increased, thus better resol ution
in frequency and angl es can beachi eved. Hence, a
conpl ete set of calibrati on-data can be obtained in
one flight/sailing path. Likew se, due to the hi gh

eér’Uéq-:Hl gjlenﬁé: geggl {‘ng)‘fét@ gse?%?)%ﬁhl?ifaugﬁ CHtE n{’:| b gpﬁﬂaﬁled in one

te the frequency
ﬂ%?ﬂ%ﬁﬁh ﬂihe dat a of t he neasurenents obt ai ned at
interfering frequencies could be negl ected,
becaukikewfise; atientiafieyhigh ameuniunbéhe eolletted number of frequency
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SGeanfd ey oF thdBunbyl csﬂﬁérmqaénmeg erference (whl ch in
convent i onal system had to be done online

si mul The emlibkatiann systemt atifzingpthet fcalibmation sdheme of the present
é@'eétiérﬁééé%t&%‘é‘i%ééﬁr Spsbions of terrel fratlogration, duSfo the fuct
ventl on not n sar rfor i
‘[él’llg c?rf[ Tsl}e C@f;glg, }?ﬂgsg a%célfcfug%gg otir'lg Ce'}‘u{rféﬁ-ff’all fibrference
é '119 ROnVEntAMR! dy: étélhq{afd%eﬁ@ @onér Bﬁhhé HBnultaneously in the target
ynchroni zat 1 on technlque enpl oyed by the present

platfenhiand the calédmatien trhesmitter erd ) is aberespired anyufmore

measur ements. Moreover, contrary to the prior art
t echnBy l]Jémg thegpethod @pd g @mdéﬁﬁ{le @ﬁesp%uwgp‘g@@,, 1BH; not necessary

B 355, s RS S5 A REACTRO R g ogions

g‘%lafﬁli@ffe&@wgata for use with a direction finder, the
I nprovenent conprising the follow ng nmethod steps all

car r i €He oithe agynehmmlizabioat teohniguansmployed lsndhadaptent énvention
for cormunl cation with a renote calibration receiver:

ngyeases therfgng ofcigacsef the measwemaats JreoYeneontERgYy &0 the prior
B ORI A oI Bl T T

[ cOuTR Sk I SHEbRL AP inidli o o provided i
matgel et WeeRiding calibration data for use with a d1rect10n finder, the
improvement comprising the following method steps all carried out at a calibration
transmitter end adaptive for communication with a remote calibration receiver:

(a) setting a value of at least one dwell time range of a communication
frequency signal employed for transmitting a frequency from a list of
predetermined frequencies to a predetermined value;

(b) synchronizing in time éaid at least one dwell time range between a
calibration transmitter and a calibration receiver by using clock signals
of'a common synchronization source;

(c) providing a hop duration time interval within said at least one dwell

time range for transmitting said frequency;



calibration transmtter and a calibration receiver by
usi ng clock signals of a commobn synchroni zati on
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within said at | east one dwell tinme range for
transmtting said frequency; (d) generating and
transmtting said conmuni cat+8n frequency signa
corresponding to said frequency during said hop

R T e

B6r8aspeh A I%Q@'shﬂrﬁéqdéﬂcﬁ' alfAng 04id 4R dMritiorRingériglct | on

finder, rovenment conprising the follow ng
mst hoAcs:bnelpmg m bnether beehdoaspett oftheainiviniaen, dheneexsqwmmded in a

adaptive fgr co nlcat thacalbr tion
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communi cati on frequency signal enpl oyed

trans n(et)tpmgdmg‘ syaghemizationdmtiand bettveeh amahbeattmrﬂramsmitter and
frequenci es; E‘ scannihg the list of predeter.m ned
f r equencitl ca lal)atlpﬁt Eeeivpt .bb{gusang rdeele stan @ﬁ;ﬂ synchronization

transmtted du aho dur tinme er
said at PGS P i el D s of 2 e B
al | ot herydgh,8AUEBighaBERPR) d%ﬁﬁ‘aﬁﬁﬂtﬁh hi 3 n@aﬁ list of
| east one l%iet%ir% rag gé havi ng du%atlgon glffe?len(t)ma SO
t han sai prekietmmimmltﬂrmumcm interval . According to a
further broad aspect of the |nvent| on, there is

provi dé) ssamEng Biaakistof pegdstermined figdwsncissng

lib f h di find he,. .
cal i br GO Re Treithsns? et afhoriitod By Atiom §on time
i ncl udi nﬁlftavar@ﬁﬁm dhid Hﬂleéﬁto%er&ﬁvelptu;ﬁbgﬂ?%e ggaer at or

operabl e for transmtting comunication equency

si gnal &)cejectinp@ibothgr tireqachdys signbls neeeiewﬂwrﬂnﬂctald at least one
frequencies, and a callbratlon recei ver including

array of dwall dimesangsy havdeg duratigns diffeent ﬁb@}u&ad;}mp duration time
transm ssions. fromthe calibration transmtter, the

cal i br at J8F Y bst em conpri si ng:

According to a further broad aspect of the invention, there is provided a

-
et

éﬁ]mcatmn

calibration system for providing calibration data for use with a direction finder, the
calibration system utilizing a calibration transmitter including a transmitting
antenna, a signal generator operable for transmitting communication frequency
signals corresponding to a list of predetermined frequencies, and a calibration
receiver including an array of antennas for receiving radio frequency transmissions
from the calibration transmitter, the calibration system comprising:

(i) transmitter and receiver synchronization modules configured for providing,
respectively, transmitter and receiver clock signals,

(ii) a controller unit coupled to the transmitter synchronization module and the
frequency signal generator, and configured for receiving said transmitter
synchronization clock signals and producing controller signals required for

triggering operation of the frequency signal generator to generate the frequency



(i) transmtter and receiver synchronization nodul es
configured for providing, respectively, transmtter

wanwenewred ver cl ock signals, (ii) a controll erpP@mii2006/000480
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coupled to the transmtter synchronization nodul e and
t he frequency signal generator, and configured for
receiving said transmtter syfehronization cl ock
signals and producing controller signals required for

! o et | ‘ .
b S R Rt St b e R D 20 Ples OB BB duration
Hadalsi fdcafid Rrigdat @wellneghel fRGEENST 8aiddebimmtuti€Rion frequency

duration intervals located within dwell tine ranges of
sighalsconmuni cation frequency signals; (iii) an onboard
direction findey. sensof associated with said array o
ant(@AnAs oa{a%ar_g B indeF éela%mswafgg B 5%@%}?&# antennas
g?(fl léloﬁ%lehht% @f[er ree%%:fv%{‘ sgx#cﬁﬁlgﬁi ét?&f‘ o é,n@lecﬂi?édtﬁ»ﬂr fiflder sensor
for 'scanning the Ti's _prege erm nedf requenci es,
béihgr &R fdrewaﬁﬁﬁ% thedialof dﬁrééét&ﬁﬁfeddfr&}ﬂdlﬁﬁs,hﬁﬁercepting
duration time intervals |ocated within the dwell tine
frequerxy sigrhls tpesmitied duringdidpedurhitien tiemecintsivglsdbeated within the
received within the dwell fi ranges haying duration,
el ik rap e a0d @Jmagoqﬁ SrirequeBCY Hgalh Fecelvgdqwithin the
' r.QN| ' .| O I . . .
el YRR AR BR04B A TR RLRER. SR BB b i e intervals;
gyaichroni zati on nodul e, and bei ng configured for
synchroni zi ng cl ock signals provided by the
transfiv) t er symthremdeiticer slpekhrsouireat coupleddubesthe transmitter
Accordi,ng.to yet .a broad aspect of the |nvention, .
ﬁm?léom%e% vheriiHe aanfb the dreeeivel sypslyontzabign mogilegrand being

R S mEhichi o SRR e Ve PO bl recever

yhcAr&ilizfloh ABARRE. Wi th respect to calibration
transmtter at a predetermnm ned distance from each

ot her Act@®)dig tpyeti anlgroad aspawt of det inventiore dherdy psovided a method
enpl oyed for_transmtting a ,fre%g“enqy frama list, of

frraueviding eadipratiydata doraise weish g diyestion findet: sorpprisiag:

(a) setfing.a.value of at |least aqne dwell tine.range

of sai HbBE atRlsfve PhortEfle SifnaltBh goceive ih ARIe manner
RAaddelRicitdedibtaidiransmitter at a predetermined distance from each other,

(B) preparing a communication frequency signal employed for transmitting
a frequency from a list of predetermined frequencies, said preparing comprises:

(a) setting a value of at least one dwell time range of said
communication frequency signal to a predetermined value;
(b) synchronizing in time said at least one dwell time range between the
calibration transmitter and the calibration receiver by using clock signals
of a common synchronization source;
(c) providing a hop duration time interval within said at least one dwell
time range for transmitting said frequency;
(d) generating said communication frequency signal corresponding to

said frequency during said hop duration interval.



(b) synchronizing in tinme said at |east one dwell tine
range between the calibration transmtter and the

W@ a006h1484 on recei ver by using clock signals oPCHIL2006/000480
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conmon synchroni zati on source; (c) providing a hop
duration tinme interval within said at | east one dwell
time range for transmtting sd0d frequency; (d)
generating said communication frequency signal
corres 1 -0- Igd: 1 : i i .
dur at: o | TRapRin i [ SRERRKAYE BOqRalcs MiRal toards said
Emﬂﬁgﬁmy‘?@i@ﬁal tpvvards sai d cali brati on recei ver;
(D) scanning the |ist of predeternined frequencies the
cal i blr ap) srNnBE hg égt oi{lﬁ)adetﬁrmﬁmépf}‘jeqmgnq% ic:lmqq adibyeation receiver;
signal transmtte ring the p. duratiqn. tine )
Tt or vEE) SHPKERNS AERUR K ST EBAlotr Gt G, fgehgp duration
the cali Lol lver: rej 1 PR :
fr equencyi SRS RANGid A et Che S AP L¥taley of WiPatibration
dwel | ti pefv@fgfmdhavi ng duration different than said
hop duration time interval by the receiver; (H)
pr odulc((_r:“rg t1*eje®irggt1aallld ok cfird:cptenré})f lslagnats_l_h weeivied Whrtlmq i blmmcb' wt least one
signal intercepted . in ste : ere has us been .
guetl tirag rangs: hasing dykdiop, ﬁfé@m@ saif) gwaiﬂraﬁ%flmee@tewal by
g{elteggl 'pventi on in order that the detail ed

escri BA I’on thereof that follows hereinafter nmay be
bet t er (undgrodheing. a AdHihdIOMescH ibése@”d)na%@nﬁ@g@eﬁ]c signal
of the(iﬂvgntiongwill e set foﬂoﬁinthe detaile v sien
dgecepediinnstem). in part will be appreciated fromthe

v eniPsrs histhis botsORPPRISE Drekd e impogiagifeatures of
der. he, | ' .0, how i .
15 PRERGSH A Brted P VAE ek SR AR i G St b F hereinatier

ROW Be beeSCliddeedood YA IBYioRAl MAId hid ha%tgg@r@ 188 invention will
onl'y, with reference to the acconpanying draw ngs, in

bhiseh forfth dn the idetailet rdesespiaon, earehl pary withbermppfeciated from the

in-flight calibration groces_s; i )
description, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, preferred embodiments will now be described, by way of non-limiting
examples only, with reference to the accompanying drawings, in which:

Fig. 1 illustrates an exemplary scheme of in-flight calibration process;

Fig. 2 is a pulse diagram of the electromagnetic signal used in a
conventional calibration technique;

Fig. 3 illustrates a schematic block diagram of a calibration system for
providing calibration data, in accordance with an embodiment of the present
invention; and "

Fig. 4 illustrates an exemplary scheme of synchronization of the calibration

system of the present invention.



Fig. 2 is a pulse diagramof the el ectromagnetic
signal used in a conventional calibration technique;

wO2@s6/184784 | ustrates a schemati c bl ock di agr am BET/H.2006/000480
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calibration systemfor providing calibration data, in
accordance wi th an enbodi nent of the present
invention; and Fig. 4 illust+ates an exenplary schene
of synchroni zati on of the calibration system of the
present invention. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The principles and operation of the

cal i bpgiT RN PDISESCRIPT ORI GFTIEINVES THON he
present i1 nvention may be better understood wth

r ef er &he @rinoipl¢scandr aperatiyn aftie tchbrationmpesegs agd system according
descri ption, wherein ke reference nuneral s have heen

i
E%Eh? Pms@ﬁgtms@nthnorr@@ sheglPF&ﬁeé yrglerstoed with rederspee toufsy drawings

khet %3@%1%3@%% g&g}qg&lc #lpglrke r%:feaéqcf%g}qﬁéezrgﬁ%%ve been used
ﬂﬁbﬁ t® Gleéiglﬁ’é’tg i@drRicARS cARARL Wherd R id Edfivichieart for descrlptlon It

Referring to a schematic bl ock di agram of

tatnderstbod nhastytmamrdﬁ@vmgs arer giviedifog 11d11ﬂtnahwatpuqmsdatoaly and are
is ill ustrat ed, in accordance with an enbodi nent of
ﬂﬁ@nﬁﬁlﬁé@ﬂ?@ miEst i on. It should be noted that t he

oty Refirnef e o & RBRET Btk diaftebl At ARl G Shtem 30 for

: e e C
i e S dfede sy on%a%p@ﬁﬂ%ﬁ Ghiodiment of e
pRlskit Bivieatiosy Bt ¢ivuld benedted elﬁataﬂfeabldwétmol?hg 3 are intended as
transmtter 31, a calibration receiver 32, and

Synvtionahentitias omly cuch dhazthe diwnetiorad rekationships bctavqen rthe entities

tranpsmtte I|bratlonr

S L e cggﬁs?twfnﬁf%@&gpglﬁﬁmosﬁhlp&
Sys! ThiLafiBihidh e SPHARISH SMAAMERAR 3R, a calibration

satel I ation sy em a Seaborne ca

sacehRmM32a4e 25y Iﬂih%tﬁgatﬁﬁi 40 éd 3D BomUEIEfdr ﬂfP&ééHBﬂat[lﬁi transmitter

the calibrati on transmtter 31 and the calibration

Beaad ves cdibrattacteceiver B2 arranged ei t her at

terrestrial or nonterrestrial calibration station

whi chit sheuldipg undarstans &iat geperallyithe cghbeation; S&Yﬁfﬁmj 30 can be an
ordln ntransmtter

gﬁﬁoqnﬁe %@Fﬁbq%ggyg rrg satel 1{16 cﬁ%rﬁt%r? ts'ysotem 228538 bine" Calibration

system, and/or ground calibration system. Accordingly, the calibration transmitter
31 and the calibration receiver 32, each can be arranged either at terrestrial or non-
terrestrial calibration stations which, in turn, can be either mobile or stationary.

According to one example, the calibration transmitter and the calibration
receiver, each can be arra.ngéd at the corresponding terrestrial calibration station
(not shown). The terrestrial calibration stations can be either stationary or mounted
on a mobile platform, e.g., an automobile.

According to another example, the calibration transmitter and the calibration
receiver, each can be arranged at the corresponding non-terrestrial calibration
stations (not shown) mounted on mobile platforms selected from an aircraft, ship

and satellite.
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recei ver, each can be arranged at the correspondi ng
terrestrial calibration station (not shown). The

WO 2006884784 al cal i brati on stati ons can be eit hePCT/IL2006/000480

stationary or nmounted on a nobile platform e.g., an
aut onobi l e. According to another exanple, the
calibration transmtter and-tle—calibration receiver,
each can be arranged at the correspondlng

rount ¥ Sicibhizafr otke 33 F LRI R« o clock signal
ﬁgbige@nﬂ)r | s{béhrShRaB NN GO @ ZallibPAtichO WahSmferl 31 and the

I gured for generatlng a clock signal required for
dalliseatiynekeeiver 32! Aanexainploofdhe |sjamcdtrommma>m ssmme Bér sithble for
and the calibration receiver 32, An exanp
the mtpesei Q%theopreg@urlaﬁe@@nsmd@@sebtﬂw ltqﬁéum!i% é%eGBS (Global
]%he res vention includes, but is not limted to,

‘E) sitioning Syst en) The calibration
tran ék&ﬁ rﬁ% le%gﬂ?cﬁer%ﬂ RIS bl kDB ARES MReral31R a signal

Si gn generato cou to the transmtting

Soepiton 311, uplednsis t fher Bymedittiny zabtenia rre,q!u,l ea 3 tdnsmitter
and a controller unit ( gsten) 314 coupled to the
synehsomiization swduler 313.zan ncomumee tmlts(saﬁmm)hém coupled to the

TR éxriél%&%%@q%ﬁ?gﬁé“cﬁ@e 314 it fgiency Signdl generator 312,
f'il GoR AT RE npfenbB 17t e IR, SR8 YlfEngic radiation

Pﬁé&fbﬁfﬁ EHidy ﬁ%gﬁ Z@3hl @rﬂomagltﬁe 3dbrafioR %&@& 32. The

e synchroni zat| urce 33. The frequency signal

@ﬁfﬂﬁﬁlﬁéﬂ Syr&lﬂomaat@@nhlcgmlleesm ds cgepledatbithg synelyoaimyion source
signals corresponding to a |list of predeterm ned
33.cthefidquenéy Isignap generaforf 3K ivtsentgwiedofaregengrtings imquency

RIS TSR RE HooR ke oot SRR POy - fo The
&}qﬂ{c{]ﬂ'l e $14 E‘s%énfé%ﬁ#& 15 Feldile ttﬁég%g)%{( Ah A ARSA the r]:ransrm‘cter :

e frequency s ener at or or=génerati ng

$yrRBALN OBl D@L SR picduby coh@dlldrighals teqiredhor triggering
predet erm ned frequencies. Wen required, the

cdratiomiof dhe tfregusndyt signalBgerneaatof 32 Her gencﬂatmg faequRACY signals

arrpllfler 315 coupled to the trans tting antenna 311
seereniially ﬁr@@méh%;hs&.@ﬁap RyedRipRIBE ﬁ%ueaﬁlés cg\ﬂ@g{ﬁ%bfed the

%ar(ilé)ﬁ%ﬂ%plb bﬂéggﬁ@; I}glf - fIRher ){nglugnal SRlpra%gplfﬁfeg A% (tx;h%led to the

transmitting antenna 311 and the frequency signal generator 312, and configured

for amplifying the frequency signals produced by the signal generator 312, and
relaying the amplified frequency signals to the transmitting antenna 311.

According to an embodiment of the invention, the calibration receiver 32
(target platform) includes an onboard direction finder sensor (DFS) 321, a receiver
synchronization module 322, and an array of antennas 323 associated with the DFS
321.

Examples of the direction finder sensor 321 include, but are not limited to,

COMINT (comumunication intercept) system and ELINT (electronic intelligence)



relaying the anplified frequency signals to the
transmtting antenna 311. According to an enbodi nent

wo@Roobhet78venti on, the calibration receiver 32PCT/Hr20@4000480

10

15

20

25

30

platforn) includes an onboard direction finder sensor
(DFS) 321, a receiver synchronization nodule 322, and
an array of antennas 323 assog@.-ated with the DFS 321.
Exanpl es of the direction finder sensor 321 incl ude,

ﬁ?’HttF’é’? i}ﬁ%f %teg»'y Lg(fr}]e%ﬁ?%?él&g?% Pg}i)rggct%%?i:tﬁ@tﬂr%%m application, and
th@4:editdcGBA FRIHS §RIRE ORBRHhe APItEFadRIcter tBohrifee.

Appl I cant of the ‘present application, and radar

di r ecTheonretéindi ngymefisindraioanhodilag33? int emifuoedkt tor provide
techni que. The receiver synchroni zat i,on,oggqiul e 322 is
yoeogiratian céogkr vgnale eqyal da tamsynshranizationlods signpls used at the

equal . to t he .synghr.oni zati on ck signal s_use e

P ica iR S TPeARgEsrie o e Gogig a8 bulthft of the
' f u e

SHARFEEH SUgRD PR 360 Shubpoias iamn igeteauency

SbQESh TR0 et ArBniisAnS oS itles cdlitemiom erapahitter &1i awd provide it to

transmitter 31 and provide it to the DFS 321 in the

therIBF8f3Uommilné dain cof edmymahisatiop rsigrals irepyesentiague sequence of
f frequ,ency signals. In operation, at the calibration
FHERY F18ASend, the controller unit 314 |oads into

or e e, b B8 Lol AE0R rRhsufer 8nlt B Bhixplier unje 314 Loads
8 tHeNBe firhtPERMLPSeRIAGLI P2 almlaf Spﬁlj%ﬂetelhhﬁleg@éc[&hgigi i o oeer

unit 314 generates the controller signal and provi

£ Bekcridgioalth¢ oalitratibn euoesss.yMorepvat, therventrober @i 31 drgenerates
triggering thereof tO.cfde.UCE t he freg_uency si,gnal s

theoatroller signal and prewidesdhissignahdo thetredestioy ségnal generator 312
reguenci es. The controller. signal .is .ndicatiwe of .

ion g riec et TR e G 88 gl JPaf bigHF R the tst of
gt i aife! ddFErol idWdieftivehbEhe desired

SRR bin e B el Aol Sl JOARINNOF e desi

dwéll Bintorangp 0 Ihdphdwhtivh einkwomtatualadieqm ¢antaén tiade interval during
within the dwell time range, as will be described

Whichi etebl fbequencyds siansmittstdr andhy tinge Helgy delisiee pippsitipn of the

b AARoa 6 Pobin b A8Se Rhngh i Bl REPeShiukgpnbetow
ﬁla&tﬂaif.r equency is set to

Referring to Fig. 3 and Fig. 4 together, the dwell time range of the pulses of

&)

the communication signals used for transmitting/receiving each frequency is set to
a predetermined \‘/alue (see Diagram A). Preferably, this predetermined value is
selected to be as short as possible, e.g., 0.2—100 milliseconds. The decrease of the
dwell time reduces the probability of interference with the electromagnetic signals
of the environment. The limitation on the duration of the dwell time is associated,
inter alia, with a magnitude of the signal-to-noise ratio required by the on-board
calibration receiver.

According to one example, magnitudes of the dwell time ranges of the
communication frequency signals employed for transmitting/receiving the

frequencies f3, /2 ..., /» are all equal. According to another example, magnitudes of



a predeterm ned value (see D agram A). Preferably,
this predeterm ned value is selected to be as short as

w@owsilbi7es e.g., 0.2-100 m|liseconds. The decPEHB20@H 000480
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the dwell time reduces the probability of interference
with the el ectromagnetic signals of the environnent.
The limtation on the durati-oof the dwell tinme is
associated, inter alia, with a nmagnitude of the

BROBTh i it OF BB Al e BB B8R0 roquency signals
%bﬂﬁﬁ .t&&if?éien@ﬂ@c&dentzije@ﬂ%aila BB@eSeRhL. t he

ni cation frequency signals enpl oyed for
t r anshi ttdonddnoecwithi angembediment udnthieeimterttiorf, the soperation of the
, are all equal. According to another exa

éﬂ&ﬂéﬁmﬁ@mm@ dveaid thej catibratiegersceives dfre ﬁyrg}%gfaized in time
7 AstRoe S JE PR S MbitrT e Bl SRR fhe art that

%I{etl:hggr'toeﬂ@)?ii%% QEcHdiGud, "WREk B sURGrBRehEA 48 Bised on a

I[Tbration transmtter 31 and the calibration
deeetiore Prd’c%ssi aad sy i syebdoninationres lyilinsd, nhet prese@®SInvention
It should be appreciated by a person skilled in the
amplaysaa coonnemrajogko signal ;1%1 synelrpnization dpell tigpe ranges at the

t/tﬂg)s nchroni.zation is. base&i on a detection process
4 rﬂ%c_’nc ﬂ@@i‘ﬁ%ﬁ?@?ﬁ%’t@r% Ts utilized, the present
| nveanPE‘xa?;?@%h off (ORI tﬁh@féﬁlg’é’s %f@%u §8to 5 milliseconds and a

synchroni z time ranges at the calibration

tyrhediizdtn pertbd eftievdoclesigaals Feeneuidyethe diRS) istset to 1 PPS
well time ranges are all set to 5 mlliseconds and a

thenomber efifiegnenaies dunt srantbrebandled by teasalibrfégiepytery in one

B B FRELCAPAITS, lal HURORNRR o 20
SEAPRRSATLS <0l Sl hatmadng arbgtan, 03

orresponding to reque ected in

one f It hotldBE lappeeciatd Biadtif arpdidn 200 felyouhdedere required for
appreciated that if nore than 200 frequencies are

cempleting ther cadibatiant prepessh ethe adyinshromiizatiopr pryeask can the extended
nchroni zatjon perj od can be extended from one secondg .,.
iom g (56¢0 F%f"%geees Taee) SFgh y S5O0y 9 dghiyp b Pébility to
gl t . 4
FORRR dhtal Aorh 06Tk ko {180 dhenE RV Blle bfbrBOfbathy |
t he t popseicand-thy BOHIseOb RS RArcTeSitIvh regiindean be implemented by

i mpl enent ed by

filtering out all the odd 1 PPS signals. In this case, resynchronization takes place in
the calibration transmitter 31 and the calibration receiver 32 only for the even PPS
signals.

In accordance with an embodiment of the invention, the controller unit 314
sets certain time intervals (i.e., “hop” duration time interval) during which each
desired frequencies are transmitted. The hop duration intervals are selected within
the dwell time ranges (see Diagram B). For example, when the dwell time ranges
are equal for all the frequency signals and set to 5 milliseconds, the hop duration
time intervals can be set to 3 milliseconds for all the frequency signals.

It should be appreciated by a person versed in the art that contrary to the

prior art techniques, where the time interval used for transmitting each desired
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filtering out all the odd 1 PPS signals. In this case,
Asynchroni zati on takes place in the calibration

wo e@ndm7s4 er 31 and the calibration receiver 32CDIL2906/000480
for the even PPS signals. In accordance with an
enbodi nent of the invention, the controller unit 314
sets certain tinme intervals—{(i5e., "hop" duration tine
interval) during which each desired frequencies are

ransm tted,. Fhe. h i i nterval r 0
FFERRR EhER el ik P SHER B b i Puffoly BGF0S bty a part
%@lﬁ?lcﬁweﬂ’\nﬁﬁetfbﬁg@’\ﬁ' hiséd r r®RIBEnGhRsBAYahd Qfili@htion of a
the frequency signals and set to 5 mlliseconds, the
thapndtiivgt polsetwitk 4 predeterhsnedknbens duration3enables the system to
mlliseconds for al| the frequency signals. |t should
identafyiit aed ignere By ctheresignls PrOVAAIRS ieHVITpRIMERY InfgsEgrence.

Con 8 . LS418 L e SERPLNEE s 8y AL oot
At B¢y ded Vi (Sf‘aﬁrrglg}’}%@lég% Héf%gng \742??91‘[1&)19 of s R6S A8Rtion interval

I nvention, only time range I s used

Withird e toregspondisgadwell igndtargez Bréforabdy, tait is not mandatory that
transmtting pulse with a predeterm ned known duration )
bhers durasiony imenintervali éon ragsmigting, ¢he gawesponding fiegupency is

i gngl.s providin nvironment interference. In .
oedisrdn e Mitdle of (6 CoRETPRRERHENTRE ks (o7 avpdp disgram
%Z.]ﬁnco?&&r {Rhi BE .}%lé?' cfurér’t?o‘l} ﬁl%r%alv\%%yﬁsthe fnidl o8k @vell time range

I'ni'ng a positfon o e hop duration Interval
Wwhed ithe sip@al afrives RanHE Receive] thd iinle fequized foF dectrawdling of the
but is not mandatory that each hop duration tine o
corhenmidatiborsignadn befweenrife tdatibrasionetspsmaiiton 31 ranguig cgalibration
is Jocated in the mddle of the,c rre)a{) ndi,nag[. dwel | .
reCRer arguould bg ﬂmooacga%ﬁﬁrsﬁ?e S jopapracgss. In this

h ' i nt. | j . h0d f d |
R, LSRRI UL SOV B ey
fé&ﬁtiéﬁiﬁg fRAUbP eurfafibnt HefvhRURIhiAT R dwWdl time regions can be -

onmuni Cati on signals between the calibration
talevlatedtih acc@dameedwith ¢he filiowing iequatiacei ver 32 shoul d
be taken jnto account in the synchronization process.
I n t his=cwge; i/8r—¥e transmitting frequency signal

t l. . th ' d f i tini .

S L T A BB LR T, s o hop

%ﬁ’ﬂa bh 3k nitgkvgf; %Ogsdt‘ﬁ@ BstihddbdthReh thd eNHGLi 68 YahbiARter 31 and
-(tow ~ t})/2°-S/c ,

the calibration receiver 32; and c is the light velocity.

For example, when the dwell time ranges are all set to 5 milliseconds and
the hop duration intervals are set to 3 milliseconds, a value of the time delay for all
the hop duration intervals can be calculated as 1 millisecond minus the signal
propagation time between the calibration transmitter 31 and the calibration receiver
32.

In operation for each synchronization clock signal, the controller unit 314
generates a controller signal (indicative of the desired dwell time ranges, the hop
duration time intervals, and the time delays) and relays it to the signal generator
312. The signal generator 312, triggered by controller signal, sweeps the frequency

list table once at the dwell time rate, and then transmits each frequency over the



where is the tine delay; t yis the correspondi ng dwell
time range; t is the hop duration tine interval; Sis

wo b@oedissance between the calibration transm tPEF/I112006/000480
and the calibration receiver 32; and c is the |ight
velocity. For exanple, when the dwell tine ranges are
all set to 5 mlliseconds andighe hop duration
intervals are set to 3 mlliseconds, a value of the

e S8 i PEDBP AL Mol MU 20 8D e rone i
@ét&%%@&ib fhd %c{ajgmie&&ff@eea\elaﬁ &s GRbdriHedldbagel ransmitter
31 and the ¢

al1’'bration receiver 32. In operation for
each By ruperativng ahe ocalibraidn Srgalittert 134 ¢ransmith | entinuiotisly the
314 generates a controller signal (indicative of the
clusmuaitation | frequeney signgds corpspondingdin the predetgrmined frequency

s B T AL 8 P s ki o
+c?d§?&?gqugg@%é% g %O%Ar%gﬁ%ﬁ/\derﬁ F@éeive?"@e > p}(;;ﬁ%éd SAHERSHect to the

ce a time rate; t hen

EdIRaiod frasafiitel 32oMeNpiedonemindiedistinie Eebnh @ck vited] Bt within
time interval which position within the dwell tine

thengperatontd t rageni ofethebgalitiratiore gedaiest 32.nFhel eloaynumisation signals
descri bed above, In operatio he calibration

) n . .
mteraepted thyrthg calibeation: reseivem$? ﬁ{]%léll Raversuich magnitude in order to
i_cat.i s corresponding to the

10 %\%gﬂglgé?(mlﬁegp lﬁﬁgﬁgﬁg{? (fs&ﬁgﬁgnprepared as descri bed

aboverAnRiebs MRdBRidRNthP iR fll4tHleemBBBAYT the!cAfbMiRA receiver
or counterclockw se) of the calibration receiver 32 is

B2 owithespédt htor €xpeslibrtion tearsalitttr 31 dreludeanthe taser when, for
31 at a predeterm ned distance from each other, but .
owample, theecalibsatian tegiver Sgemeres Mathcraspesteithp ground, while the

recei ver 32. The cgnmuni cation signals intercepted b
eHITET raisTUHeh etle iy godon SR A Qe RO Paple. the
in: .neebqt L i - - i . .

s LUBEASE SR8 BEULASACR, A0t e RaBRon mppsmiter 32
Ve RyitH rédpecCrl tY atduad. Aeesidiss t@érev\/iahfb){aﬁqﬂe,cthet @ulibration
the calibration transmtter 31 includes the case when,
feoeivex 3iphed théd ealibitation ararsmitter 82 vean B invhe gelgtive motion, as

respect to the ground, while the calibration
deseribRd ebaye. hendhep boiness Withdesnagh %t%@&r%m-her

X o AYGALRERLA R, 0 0B e Rgpninge rsmences
20 loaded in the DFS 321. Then, for each clock signal of the receiver synchronization

module, the DFS 321 starts scanning sequentially the list of the predetermined

frequencies. For example, 1 PPS timing strobe obtainable from the common GPS

(Global Positioning System) source can be used as a clock signal. The DFS 321 is

set for intercepting each frequency signal from the predetermined frequency list
25 over the dwell time range (see Diagram C).

According to one embodiment of the invention, the DFS 321 is configured
to intercept a signal only within a defined duration, such as a predetermined hop
duration time interval; all other signals (that do not meet this requirement) are
rejected. For example, as described above, when the dwell time ranges are set to 5

30 milliseconds, and the hop duration intervals are set to 3 milliseconds, the



noves with respect to the ground. According to yet an
exanple, the calibration receiver 31 and the

w@ 200614184 on transmtter 32 can be in the rel aPCWE2006/000480
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noti on, as descri bed above, when they both nove with
respect to the ground. At the calibration receiver
end, the list of the predeterdi/ned frequencies is
| oaded in the DFS 321. Then, for each clock signal of

CHRbraB6] tAREmMHED B (PAH AR %ﬂ{ﬁﬁfiﬁé?ﬁ Ef@ F':fé r 84ch frequency over

starts scanni ng sequenti al

Brmﬂm@bﬁdme@brg rSemiléinedionds. fE@Tor&Dngf’f@hEls e&aﬁ’}‘ﬁ& théTDFS 321 takes
strobe obtai nable fromthe common GPS (d obal

PBei adcemningnlsyd mailljscsondsceigoaln ibtreaptetl adthin & milliseconds dwell
? naI The DFS 321 is set for intercepting each
signal fromthe pr edeterm ned frequency |ist

e e SR B S 1

configgedetd aocépit ehlyefiosd ﬁb@l’ftﬁicyowgﬁaw Which arélaidtneflly have
duration, such as a predeternm ned hop duration tine

prﬁd@teafmmecbhOp dmlwronsirmraals puhalsodocated attet ntidhdls of the dwell
rene re rejected. For e e,. as, descri bed
I ng#qra@go@éﬁs §m ea;flagtggr lgpg dhgt dc; not meet these
ﬁ?ﬁ%&w&g the hop dur atl on intervals are set
Pédéll | secoﬁgﬁi' thecalibration transmtter 31
t ransia topeRRISAL o€ 8hd0 AwRlIgARleSrange BAC ch‘ilicfé@%%}id intercepted
over 3 mlliseconds every 5 mllisSeconds. According to

Sllgnsl éhaiilS 321 lprodkSs 30 Signak Exestriptor §8DYLBkampley of data in the
gl a1ll]s_)(econds Si gna s intercepted within 5 mlliseconds
SHRPLPLERTERC u&!@c WicArs ot Bmited Go thectollempag parsmeters:

of the inve w .S, con ed t.o acce

only those f%%g rl]%g{/} %’% ﬁ?%\ﬁ/ﬂ?t@f'{ls &Sqﬂgqm’@hﬂ} %gygphase and
pr edehgiplihiRs of i ﬁ%ré‘épté’d‘ 51tgﬁhl§ "YREsoh Mndl FEnHRE ahffina

at the mddle of the d nme range. According to

this embpddrefithe cmllﬂbraﬁdmereo&nvgr@ﬂs that do not neet

these requirenents are rejected. In operation, for

each duel | - fetgctionrparargters of éheigignak sueh jag signal duration, phase

interﬁ @g}e}d signal, the DFS 321 produces a Signal
Descr g ( Exan'pl es of data in the Signal

Pt P g Qo A i
cont ai ns th&Navigatiomadatamsaepottedtyse martbation system of the target
platform at the time of the intercepting the frequency signal, such as:

Latitude, Longitude, Altitude, Pitch, Roll and heading;

- Time of interception of the reported frequency signal.

The DFS 321 can relay the SD to a host computer (not shown) for on-line
monitoring, analyzing and building calibration tables. When required, the data can
be stored in a memory device (not shown) for a further off-line analyzing and
generating the calibration tables.

As such, those skilled in the art to which the present invention pertains, can

appreciate that while the present invention has been described in terms of preferred

embodiments, the concept upon which this disclosure is based may readily be



anplitudes of the intercepted signals for each antenna
fromthe antenna array 323 of the calibration receiver

W@2906A148¢ ect i on paraneters of the signal, SucPCEHB.2006/000480
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signal duration, phase quality, etc; - D rection of
Arrival (DOA) of the signal, when exist; - Navigation
data as reported by a navi gatil@ system of the target
platformat the tine of the intercepting the frequency
e e 3 i o hE bty SORBLE Wl bRyt biLiesses for
leairpiveasht iiesivend push@eabf thEgeddndi2htiean rel ay the

SD to a host conputer (not shown) for on-line

noni t &t ishguldabsl yndergtondd thati althovghc hé Hraxsimtiert aphetsonization

When .r ired, the data can be stored in a nor,

ganstide 3o theurrpensr synatipriationmrodyl d2anasyabed above were
LOQ. cali ' t . C t hose

SRR A0 oLl SRUE G S s 85 e very

ReEtraieSnchfhiAhes RS d.Haktomiic! GoblBe dahaeMko implemented at

i nvention has been described in terns of preferred

dineh wallibmatins,, tradeenitten Hp tend pard vthe adalibhitiond reehes B2 dndl (target

based readily beutilized as a basis for the
@&f‘ﬁl’ﬂ%@ﬁ sypelgpnizatin PUFROSE. systems and processes

for c i t several ur poses, of t resent

i nven?ﬁl{ 1%%.1{]%[%;[#1605# T3 0§ rli@aetrtg? ggjdaS{iﬂlgtgy é‘lngﬁﬁﬁﬁlﬂofq% employed
herms B fof P dabt imiti

LA IR0 AL TRV T Bt i st
wer e dedhe inbethodclainsethat bolldvealphatsdticochazadtenuseldookdesignate

sjgnal from GPS, any other, very accurate )
§M@H@i araprondedifrcenvenignee enlpand domst iplycany peeticular order

| ) nted at the calibration transmtter 31 end
?kﬁgﬁfﬂﬁ%&g&ﬁ%&gﬁ'on receiver 32 end (target platform
for theisSHpeRaANtEGEFRE BHE fl’%gsszog $ e Irfveh %% ;?/s B8 construed as

under stood 't hat "t he phraseo nd term no

boiplgdyreited by ehailhrseratioe etribedimens aad @k rdepforeinhédeéh. Other
shqul d not be regarded as limting. In the nethod )
vpEatiens g osgibleowithin Bieagrope ofdhamsesest inviestidn tas defined in the

ARl o B RGeS GoBrt ot ar Corder




of performng the steps. It is inportant, therefore,
that the scope of the invention is not construed as

wheiongi4784mi ted by the illustrative enbodi ment SPERTL2006/000480

10

15

20

25

exanpl es set forth herein. Other variations are
possible within the scope of the present invention as
defined in the appended cl ai-nd9and their
equi val ents. CLAEMS: 1. In a nethod for providing
j ion data for use with a direction finder, the
i nprovenment conprising the follow ng nethod steps all
darin ®thethdd dbr provadingraalibmaniohrduns it sy withde dadeidn Vimder, the
for comunication with a renote calibration receiver:
impraygmenh gomprisisgdhe folloveamgvacthed stepstall eaaried onbat a calibration

BBt S%dsra%eﬁ%ﬁ% e RoRRC i Oh oA PR Bpoeiver:
pr edel emdiet faf fdeRAR {ihe whreggv Ghd'Ayiel {ihiBrange of a

said a time range between the

cal i brat b@nmﬁmmnt frequenoy sighel edbldyedtfoprangaiiings frequency
by using clock signals of a common synchronization

sour ce; fiom pﬂlew mgetanhmgddiﬁqaﬁn@ﬂs,tu me interval

t hi d t. d ti
AR ﬁ%%’%%ér%?}ﬁ’gﬁé st dhd s Qe ¢ 2he qange between the
transm t ) ﬁ?{'} P'aﬁ&‘ﬁ:ﬂeo&l“yﬁ?dﬁefé%wgf ﬁgﬁgmg clock signals
Correspon | ng 0 re uenc uri n

dur at i Onofa‘t:@ﬁﬂﬁ’d)n S}Z}chfdhl.@atﬂiatsbﬁﬁbé or providing
calibration data according to claim1, the inprovenent

wher ei 60)t movidihga bdp daratioat titne dgtercalewithinl saidiatdeast one dwell
range is_sel ect e? to be.so shp t hat a magni tude of a

si gnal -tB‘H%?o‘iagée tifasREdingfatchgequyshicy’s of t he

d b
O U AR HRERRLOLAN COERRTLARY: dopkity sgn
claimd, cbﬂ@spoﬁﬂfrﬁgvt@rﬁam ey Bukihe il auraﬁ@m chiaival.

| east one dwell tine range is between 0.2 nilliseconds

and 100 m|liseconds. 4. In a nmethod for providing

caI i brati on data accordi ng claim1, the | nprove

wheleidn rg%aheg Rupviding, qaliption | aGCQrdigg ate o alm 1, the

tniﬂgr&)eﬂlde rélﬁethe value of said at least one dwell time range is selected to

be so short that a magnitude of a signal-to-noise ratio was in the limits of the

magnitude required by the calibration receiver.

3. In a method for providing calibration data according to claim 1, the
improvement wherein the value of said at least one dwell time range is between 0.2

milliseconds and 100 milliseconds.

4. In a method for providing calibration data according to claim 1, the
improvement wherein said hop duration time interval is located in the middle of the

dwell time range.



dwell tinme range.5. In a nethod for providing
calibration data according to claim1, the inprovenent

wob@sai4186ai d provi ding of the hop duration tiPEI/IL2006/000480
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interval within the dwell time range incl udes:

defining a predeterm ned | ocation of said hop duration
interval within the dwell tin80range; calculating a

time delay required for |locating said hop duration

sntlar valméhodakst Rir6wakR BaliBfhtionC dhlL ”acc@rdéﬂ% f claim 1, the
met hod for providing callbration data according to ’
ghpiavesient mhereiprsaice proviidinpesfethe hopvdlrdgon ins@ifletvalyvithin the
gel y.is calcgulated in accordance with an equation tD
W@ﬁlﬁwerqn‘gem@,p@es,z where tDis the tine delay; tDWis

the d 4 range: .th ., s the ho uration interval;, .
S+ s 1 Hefinihb P pt-888 Enincd fofylot ol S¢ dopoiit o SHErELithin the
anelltiiige felobbration receiver; and c is the |ight
velocity. ‘% In a nethod for providing calibration
dat a f calculgtingiattime délayaetjiieed fomidesting Beid ihopr duei®i interval at
cogpré(%i ng .the follow ng nmethod steps all carried out
sald predeteriingd ksatierei ver end adaptive for

communi cation with a calibration transmtter: (a)

provi di ng synchroni zation in tinme between the

althbraty r as m. b . alsi.hr at.Lon. I ver.
B o Aiod | R P idingl b AROE ot TGRS IS, Wi, 5. the
anprogasitniowhediveh lvaluerof st @ifie Atlag i§ OAMURLSERM RBordance with an
frequency signal enployed for transmtting a frequency
SqUAOR hi S t(iraf —En & ete miwhede 15 isqthertirhe slelay; ¢4) is the dwell time
scanni the.list of pr.edeternined frequencies; (¢) L
FEE ol 1tHE o fwdlioBfiesyaing) i isabes et e palibration

| t ' Lt i m [ t one

e CoBrat O Tt ol B SRR el

frequency signals received within said at |east one

dwel | tine range having duration different than said
hopn dumgthodnforipreviding: caliraBon dataaforatskogith ar direction finder, the
providing calibration tg according to claim?7, the

PYTBREfOTHTATRS Hq follovdng @cgodssfeps all cresied;owraé a calibration
UGN br SdRidpBV8 Gor Cortfnufifchfifn Wth a calibration transmitter:

(a) providing synchronization in time between the calibration transmitter

and the calibration receiver by using clock signals of a
synchronization source for at least one dwell time range of a
communication frequency signal employed for transmitting a
frequency from a list of predetermined frequencies;
S (b) scanning the list of predetermined frequencies;

(c) intercepting a frequéncy signal transmitted during a hop duration time
interval within said at least one dwell time range; and

(d) rejecting all other frequency signals received within said at least one
dwell time range having duration different than said hop duration time

interval.



be so short that a magnitude of a signal -to-noise
ratio was in the limts of the magnitude required by

w0 baetad78brati on receiver. 5 9. I n a nethod foPCT/IL2006/000480
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providing calibration data according to claim?7, the

I mprovenent wherein the value of said at |east one

dwell time range is between €22 lliseconds and 100

mlliseconds. 10 10. In a nmethod for providing

8alInbrath&Roda i : i - pr ovensnt

wher ei n sai (d)&hg(g ug&eiitEi ?%)g;g%a?lrgrgﬁloﬁt e'Hra gaalé(%egrqug%a eacqigﬂl 7, the

tmpravegeht wierdih ehelwelue dfisai atalege ondldwelNtihe BhBO% selected to
viding calibration data according to claim 10,

ngc’g@o B\ fagnitude (ofez signabta-spisg rebpevss iy thad limits of the
i gnal.s received withi i d |
R R b HhE B o G No B! on ot er ent than

said hop duration tinme interval. 12. A calibration
system (30) for providing calibration data for use

W t tinaa dinmediedd dor Opfovidiag , cliteatiad | dtat ARBr&%st RN claim 7, the
utilizing a calibration transmtter (31) including a

HRRIQY RINERt Whergin Bienealyaofiyaid at leastoprendwyeld tigreadange is between 0.2

tar operable for transmtting
%gl@ﬁ%%ngggﬁgﬁéb@@&s&ﬁ%&si gnal s corresponding to a
list of predeterm ned frequencies, and a renote
calibration receiver (32) including an array of
Mt nnaanétBad) féro @réﬁ@mgldaﬁbfa@i%hp datLUHEBHN e to claim 7, the
transmssions fromthe 5 calibration transmtter, the "
waprpEeraentowhergst savd bopourationgimé interval isslosaticd i the middle of the
‘i ﬂi roni zati on nodul e (313) and a receiver
‘2/6 M228%i on modul es (322) configured for
provi ding, respectively, transmtter and receiver
clock signals, (ii) a controller unit (314) coupled to

Ihdn! banghdd dfor spraRtian! saltiafiod dREULoHS) R RMhik %0, the

frequency signal generator (312), and configured ?

mpreeeenti firtheni ehrmprasingi tefeetingyalt futher frighentyc ls%ﬁlﬂs received

si.gnal s an(il pr oducay??% control ler signals required for

W%&g“@ﬂ@ /b 'S5k PaE idovelb Himengange dgumgclocatign differene thanosaid hop

c@aﬁ&)tiﬁng' pefjat e the frequency signals sequentially '
rom sail I'st of

12. A calibration system (30) for providing calibration data for use with a direction
finder, the calibration system utilizing a calibration transmitter (31) including a
transmitting antenna (311), a frequency signal generator (312) operable for
transmitting communication frequency signals corresponding to a list of
predetermined frequencies, and a remote calibration receiver (32) including an
array of antennas (323) for receiving radio frequency transmissions from the
calibration transmitter, the calibration system comprising:

(i) a transmitter synchronization module (313) and a receiver
synchronization modules (322) configured for providing, respectively,
transmitter and receiver clock signals,

(i) a controller unit (314) coupled to the transmitter synchronization

module (313) and the frequency signal generator (312), and configured for



predeterm ned frequenci es during hop duration
intervals located within dwell tinme ranges of said

weewrani7eat i on frequency signals; (iii) an onbPeEF/TL2006/000480
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direction finder sensor (321) associated with said

array of antennas (323) and coupled to the receiver
synchroni zati on nodul e (322)522hke direction finder

sensor (321) being configured for scanning the list of

pr eetioldd Nedd f GamdRRer @ Syndhbb LSRR | 8k E@H%C%d producing
signals transmtted during hop duration ti I nt erval's

| oceaméllai tsfignals requivesl Hfor imiggerangeperatiod oRijtestfidi@ency signal
all other g uency si grhal s received within the dwell

t i n¥FICEge @S\F? ghegtsthedicqneney signaly sequestaally from said list of

d ' ' | | s; ' | | ock. .
sy 88rbi SOUERRS HuBEhd Hhelion it Gedad frighin awel
Sy e 2 s b ST b AoR feder Y SRRSOl i ed for

synchfidiiani erpoatd dicestign fihdemsensor 3D Dyastddated with said array of
nchroni zation nodul e (313) and the

transmtter s L

r ecilgEas 49%%)%%11 couplpd do Al iecsiveg anchrogizatine module (322), the
[ i ' t f imil2 wh [ j d . .

o B Bote SBR. (520 Bebl SHGHR TS csemng i it of
g ! . . : .

calprbasttintined Ypt Qfefcirﬁéﬂ&ﬁ%%%{ﬁe%ﬁf#ﬁf siEndls Bufietlitfed during

duration time intervals are

t hehopwlriation tine angeals [bbated Weitidalthd datellofims ¥ah & Bhd rejecting
any one of clains 12 to 14 wherein the direction
fi ridleothggnFedueneyt pignalsoracetyedewithin thej dwell ntgmal tanges having

e A AN
Sur o 19# 8 s e S0 AR e rnsmicer

di sgnelironizhtionlenodide €313) andstleerboeidef EPBHESAENon module (322),
system ELINT system and radar direction finding
sy #ndmbeBrgp|copfigyregn font smchramizingr closkhsigmals. ptdvided by the

met hod f.or provi di.ng. cali brati datg for use with a
di &W@b‘fﬁerf ?Bﬁ}f ing%}pﬁlr ingqci@e_: (8?3) and the receiver synchronization
module (322).

13. The calibration system of claim 12 wherein said synchronization source is GPS

or atomic clock.

14. The calibration system of claim 12 or 13 wherein said hop duration time

intervals are located in the middle of the dwell time ranges.

15. The calibration system of any one of claims 12 to 14 wherein the direction
finder sensor further configured for rejecting all other frequency signals received
within the dwell time ranges having location different than said hop duration time

intervals.



(A) providing a relative notion of a calibration
receiver in a circle manner with respect to
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fromeach other, (B) preparing a conmunication
frequency signal enployed for transmtting a certain
frequency froma list of pred2Berm ned frequencies,
said preparing conprises: (a) setting a value of at

;lé.a%e QAfLARH! ﬁﬁit;e‘i'i‘? o%%geoﬁé‘ of %m@iﬁ?@}@&m the direction

requency signal” to a predeterm ned va
Sydetyensorisngldcied fro COMINT syan! ERINTAYSleln hdBadar direction
range between the calibration transmtter and the
Bafingrsysicor eneployingranthiptenfsromeier tahnijugnal s of a

conmon synchroni zati on source; (c) providing a hop

duration tinme interval within said at |east one dwell

' f i tEi-na..sai ertajn frequengy: . '
1198 BREASY 18 ArbPnl lBaSt G Rug S, ol R S Rjection finder,
comnpeAsipgndi ng to said certain frequency during said
hop duration interval. (C fransmtting said
comun{Appioyiding agqekativy nsotipnadf 4 oalibrdtos aéadiver in a circle manner
cattlgi&brati on r%;:_elver; (D) scanning the list of
PiibgesRachiheibration essiatient & predetgrminedidigangesemeach other,
(BE) in I+ e C lgnal transmtied.during . .
the hod HarBrRe EonbReafon A ity HeEar GubloSPalet timitting
Aneeréive| freduehBy I ROGIE ab ' je@n [y -
(G rej ecet:(li r?ge}él I &glt ﬁeysﬁE qupjgg%tsﬁg%ﬂgeﬁapg%%g%\’/eg?dq%rep armg

edmpiisessai d at | east one dwell tinme range having
dur at i on(agi fferent than sajd hop duration tine

i nt er val (Qy S¢HBEEY éCéﬁalIf@r fO(fl-I)at pleasucangg dléfV@l gitae rangg of said
ot ep QyAEAaR fedBen TR At iFemiBrEhiiEL g

hop dur ag) l%?néﬂrﬁﬁiz'ir{g R (A shidl dt 96t 8e iivel (i€ rifl N Bween the

of the dwelT time range.
calibration transmitter and the calibration receiver by using clock signals

ot

of a common synchronization source;

(¢) providing a hop duration time interval within said at least one dwell
time range for transmitting said certain frequency;

(d) generating said communication frequency signal corresponding to
said certain frequency during said hop duration interval.

(C) transmitting said communication frequency signal towards said

calibration receiver;

(D) scanning the list of predetermined frequencies by the calibration
receiver; .

(E) intercepting a frequency signal transmitted during the hop duration
time interval within said at least one dwell time range by the calibration
receiver; and

(G) rejecting all other frequency signals received within said at least one

dwell time range having duration different than said hop duration time interval by

the receiver;



19. The method of claim17 or 18 wherein said
provi ding of the hop duration tinme interval within the

waelmbii147841e range i ncl udes: defining a predet erei/ne2d06/000480
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| ocation of said hop duration interval within the io
dwell tinme range; calculating a tine delay required
for locating said hop duratieg4interval at said

predeterm ned | ocation. 20. The method of any one of

cl ai s 1 I & Yrls ef(:r :
15 cal ol obeq rne SR DRHIpRL Bited ohomE hPdry signal
irftercepted $h cstep @ere is the tinme del ay; tDWis the

dwel I time range; t/, is the hop duration interval; S

is the distance between the calibration transmtter

l i ' i : .and is.the light . )

87 dint S oren a7 3erE 56 By “ionr e dffsvalis decated in
{ & jecting all other frequency
E?grﬁ{ﬁd&@?ﬁté%%l%ﬁ@%aﬁ said at |east one dwell tine

range having location different than said hop duration

time interval. 25 30 . . L
19. The method of claim 17 or 18 wherein said providing of the hop duration time

interval within the dwell time range includes:

defining a predetermined location of said hop duration interval within the
dwell time range;

calculating a time delay required for locating said hop duration interval at

said predetermined location.

20. The method of any one of claims 17 to 19 wherein a value of said time delay is
calculated in accordance with an equation #p = (tow — t,)/2 — S/e , where tp is the
time delay; #py is the dwell time range; 7, is the hop duration interval; S is the
distance between the calibration transmitter and the calibration receiver; and c is

the light velocity.

21. The method of any one of claims 17 to 20 further comprising rejecting all other
frequency signals received within said at least one dwell time range having location

different than said hop duration time interval.



