WO 2006/114784 PCTQL2006/000480 -1 Method and system for
calibration of a radio direction finder FIELD OF THE INVENTION The
present invention relates to a technique for direction finding and more

%H(] .49 @ method and a system for calibrating a radio
g et %KGROUND OF THE INVENTION Radio dlrectljggnle?rﬁllg]é)?mm%

(RDF) are well known in the art as tools for finding the direction to a
source of electromagnetic radiation. A-direction finder may, for example,
be a ground-based, an airborne or seaborne system that provides a
possibility to locate or monitor various radio signal sources, stationary or
movable, to by determining the direction of the bearing line to the source.
RDFs have many applications which may require the ability to determine
the coordinédtiesinfd adid sgeirndavertibhrtad tdrgedidioadbandinder
frequencies. For instance, wideband RDFs may scan a frequency range
of a few MI-1z to several thousand MHz. A radio direction finder utilizes an
array of antennas (usually two or more) 15 dispersed along the surface of
the measurement platform. For ground-based systems, the antennas are
typlcalﬁtatlonar and the directional information obtained is used to

QR L %Emyé?ﬁl or nautical applications, the antennas
are carri b for uch a ctaft of. shi rec
electrom%a%‘rgl) fic sén (lf) Brlé%é%s?g fo?e%&fm |ngf N AESC% ﬁﬂ@?ﬁ)ﬁﬁm nore
thipa2cplaithp tmaa}athodmeiafsglﬁﬁucfmaughbmmaanﬁm {hirthdbre@edel. 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

kNBWCIRDECENPEORSHHE RRYE "eripiQ 2006/114784
PCT/IL2006/000480 -2 signal source. For instance, this source can be

originateBadimdiraeisonifiedeus@iNFy) are well known in the art as tools for finding

the direction to a source of electromagnetic radiation. A direction finder may, for

example, be a ground-based, an airborne or seaborne system that provides a

possibility to locate or monitor various radio signal sources, stationary or movable,

10 by determining the direction of the bearing line to the source. RDFs have many

applications which may require the ability to determine the coordinates of radio

source over a broad range of broadband frequencies. For instance, wideband RDFs
may scan a frequency range of a few MHZz to several thousand MHz.

A radio direction finder utilizes an array of antennas (usually two or more)

15 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 aircréft or ship, to receive an

electromagnetic signal and process it for obtaining the bearing line from this

20 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



enemy troops, transmission sources associated with weapons and
ordinance, or can be radiation from any type of communications device.
The determination of direction employs amplitude and/or phase 5

%985‘3%)? 4 %of the signals received by the different antenne&f][%ﬂ Ot‘}]} 00450
source of the electromagnetic radiation. Since the antenna’s pattérns are

affected by the platform on which they are mounted a calibration process

is required to account for un- calculable®#ects. Referring to Fig. 1, the
conventional calibration of an airborne radio to direction finder can involve
theipalgoaiacs fveilistaoecaitdsafoitdrnanieriaoptahtelditeninasingiyas used by
manner so that gle aircraft turned 3600 in azimuth. The calibratior;

syStemanciodes 4 CalBraon tANSrANter 15 B ARG RERP ISP Ref toance, or can
cakioratidatistefiom imshiy ha ofwrtonatidenidonthéegioeind, and a calibration
receiver .13 arranged at.the aircraft 11. The calibration tra itter 12 is
capable of 1§ trgfﬁgﬁﬂm%oglec?ﬁ)m%l%gﬂ% sighdl Yﬁa?}i‘g’g@gﬁniﬁg or phase
frequepayscangd thbitéptiads sicetadirbodesdififiemanasnihdioall fgotbteek of the
azimuth angles.rp and deptgssion angles e are covered. Eor instance, the
e B P e o BRI HISEA Pfamatrorm
cabhratidoiirdegraitenbdintbile bdistasen @R whenethtrairesaficBivgt for un-

dire%tl}% o;éﬁer e calibration transmitter 12. 20 Referring to Fig. 2, an
) gil HFAGF4n of a conventional calibration electromagnetic signal
plary

transmittedfoyrithe ealiPrgtian Mansmlentsil)staieentioar dhen airborne radio

redetermined frequency range, the calipration signal is sampled over |
Tokebidon e IRRivedretiRcRt & sufveillange fizpraiidbdn a horizontal
cygligadlyito sheiiitrafindioy the gravnacCARiAOHHAIE605 resiihaf. The

the calibration process, a set of 25 calibration tables is formed

estAHRLHING SYitfomE st fvealibation Jauamiisr bhasadnertcFicaseround

bebuinaRanalssrGaIvRI OIS RokERNah HRAMRALIEShd!Z califlation receiver
azimuth angles rpl, rpp,...., Ip,,, and depression angles 0,, O2..., Ok;

whigte?i6grd HutiSerbrapt hbadlieeridiaiden dremamifiendd Kinreapble of
1sNURheRsEhESISaleaiRth AR AN dGREARRONARAIRS (lRAPF SIS whlle the

which the measurements are carried . .
aircraft moves in the manner that all required azimuth angles ¢ and depression

angles @ are covered. For instance, the depression angle can be close to 0° when
the aircraft is distant from the calibration transmitter 12, while be close to 90° when
the aircraft flies directly over the calibration transmitter 12.

20 Referring to Fig. 2, an exemplary diagram of 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 /3, /3, ..., /, is transmitted cyclically to the aircraft
from the ground calibration station. As a result of the calibration process, a set of

25 calibration tables is formed establishing & relationship between amplitude and/or
;ihase differences between signals received by the antennas, frequencies 1, /2 ..., /o
azimuth angles @;, @5, ..., ¢, and depression angles &, ®,..., &; where n is the
number of the measurement frequencies, m and % are the numbers of the selected
azimuth and depression angles, respectively, at which the measurements are carried

30 out. The quality of the calibration is dictated by the number 7 of the frequencies



30 out. The quality of the calibration is dictated by the number n of the
frequencies CVO 2006/114784 PCT/IL2006/000480 -S and angle
increments (resolution) at which the measurements are carried out, and

t\k}g 9«%%’1 %Lhe environmental spectrum. In the conventiona{) 8‘?‘#9#%}90%0430
technique, each frequency is transmitted/received for a relatively fong

time period, e.g., 250-500 milliseconds, s that results into a rather slow
calibration process. Typically, the data; 3vhich can be collected during

- each collection circle of the vehicle, do not exceed the data

courespogiding teradey (Hdiegud ntiedidndibenckawhackobitbearried out, and
copventignal . calibragion tec%ni ue is in the fact that the long transmission
tinﬂéeﬁoéﬁ% %ﬁﬁe,e ACrERSREY Je%%ﬂggﬁity of being exposed to the

interfereiige wikh thensigmaileniD ongiitvedeid:froreeedednal transmitt@isquency s
noticed, the operatar ally rejects

C ti ly, if h interf [
BT St TE e AR B of of Moo LM A s,
sfrefiaereyioiises actespeRsingLbitoininteses TeMERCIhd e VaHidA can be

most cases the operator cgnnot distinguish between appropriate signals
an%Phﬁ% réﬁrg}én%arg, aﬁ‘?ﬁﬁ‘fgpé]fo‘fg%g%rﬁ'gpb@irﬁﬁbé%eth 189hFfEranths data

calibration table. Moreqver, in the conventional techniques,, . .
syﬁ%&%ﬂ%tfsmweéﬁ metharﬁmﬁeﬁaﬁiﬁm Hantaisim e period also
cajifrelion reeepebiblinpeast triageiasiivd RyogeshMemRReGitalye iBignals
theépgh%inninr%,éhe onboard calibration receiver is set 20 to the, .
10 QLG ESE SR (R AR Frrdmiientionpllyy, if suchs ugsfermce is
theoguegesrfWpaterseptiomphtha fraisigalatdneeoriaanassifGumes another
freguenqy is performed. Then, the system steps to the next entries of the

frettiERED QL HhendataREtEoAEREETRIYs B o REERIBIIYIBE sy (B dederfered
defiegiienc9f the Wil eavaney: ofates I8k imﬁ‘%ﬁﬁ)m%mngﬁﬁgﬂﬁ-bmm

Any time that this frequency is interfered with 25 the environment

el SEREIPE Rt Wb h AR itisHesds e tmeb oritd EfTefRtnisatngg, climinate the

15 interference data from the corrupfed data in order to use it for generation of a
calibration table.

Moreover, in the conventional techniques, synchronization between the
ground transmitter and the onboard calibration receiver is based on a detection
process. More specifically, in the beginning, the onboard calibration receiver is set

20 to the measurements at the first frequency f; from the set /3, /3, ..., /5, as soon as the
successful interception of the first signal of the corresponding 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
25 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



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
EReMBHATEH electromagnetic signals. Because of these reaRoTE,26/06048¢
conventional calibration process requires intensive WO 2006/114794
PCT/JL200610 -4 interaction between the ground transmission station
and the anboard operators which by itself increases the ' interference

erator SUMMARY OFéﬁJE INVENTION
T us, t ere IS still 2 neeﬁg{ﬁe aft for, a%gﬁt%%%ﬁ'gm operators,
nmq;hdanﬁsg]f(}nm frmndimfsenddanddisection: §iagingd B@Eﬂ&é@‘aﬁo

Embodiments of the present invention partially eliminate disadvantages of

the conventional calibration technique and provide a new implementation

scheme WhICh enables to enhance the calibration process. Azoording to
ERITRDE RYEREeR iR present invention, a dwell time

range of the communlcatlon finquency signals used for wing each

qu Juenz?h&%&%@%ﬁe@aﬂmﬁwmmﬁrﬁﬁmﬂﬁlmm novel

t |b| 0.2-100 milliseconds.
T Ilmlia%o on he &Fono ﬁ‘ﬁ%&g d ' with a

trlagnltudErﬁﬂ‘:&Bﬁr@&@%rt%'%t%@éﬁ“é?:&@%??ﬂé?%{a‘iﬂﬁe%?%@% gatr%%tggés of

cﬁrver The de’;,rease of the dwell time decreases the probability of
int&iferRt e 8“%”?&&?&&955%%rpéefeﬁﬁeﬂew\ﬁmtﬁmtamn scheme
Morbiohermaiges idingtanan ttbreibritiodipmesesd. the invention, the receiver

and the galibr tlon trimsmitter ate sypcliropized in trme by using a
commo%nlzﬁonﬁﬁ@# I PSRRI JRerrErsBtiGpvention, &
sdwale |Mesaﬂlgd I%ﬂoﬁmltem@ﬁdﬁloﬁé@m OryipAisIN Q4B o

_o _ art lemrque where the sync "on is based
: FTRFTEinge valve. Preferably,

eﬂmnpiemﬁiﬁe%.@fethg Bé%%ﬂ "ﬂy%@'% shert as possible, e.g., 0.2-100
milliseconds. The limitation on the duration of the dwell time is associated with &

- magnitude of the signal-to-noise rafic required by the on-board calibration receiver,
The decreese of the dwell time decreases the probability of imterference with the

electromagnetic signals of the environment

Moreover, according to ansther embodiment of the invention, the receiver

and the cah"sraﬁentmsmjtteraresymhmnizedmﬁme by using & common

synchronization source. An example of the synchronization source includes, but is

not Iirnited to, GPS (Global Positioning System). In other words, contrary 10 the

prior art technique, where the synchronization is based on & detection process and

no time synchronization is utilized, an example embodiment of the present invention

employs common ciock signals for synchronization communication frequency signals
at the calibration transmitter and receiver ends,

Furthermore, in accordance with yet ancther embodiment of the invention, &
certain time interval (“hop™ duration) is selected within the dwell time range for
transmitting each desired frequency. In other words, comtrary to the prior art
technigues, where the time interval used for rensmitiing each desired freguency



employs common clock signals for synchronization communication
frequency signals at the calibration transmitter and receiver ends. F
ermore, in accordance with yet another embodiment of the invention, a
WREMHATY interval ("hop" dination) is selected the dwell tinfEFAREEGER480
'tong each desired ency. In other words to the prior art techniques, where
the time interval used for transmitting each desired fivquency WO
2006/114784 PCT/IL2006 O _5_coincided with the dwell time range, in

AEXAPIGEMRQAImEntpLihepresent Javaplon o sRRtLR! the dveltesent

t[me range 1s used for the transmlss_lon. The UIi 1zation of a transmltt_lng
puYssHsh %Bré’d@l@?rr%é’é?k%\ﬁ}h iR iBReEs& uRedl f%&‘i‘ﬁgtﬁ"tﬁ@’“*o“- The
fretpmrey Eighalsrendibites thasysitmat@icdsttifnihan kigooraithsiothessd as a:

35Ale 8 PU90 R QU0 RLRIE BCS, ACOIIA AR WHSEnore the other

: iment of the invention, the hop duration interval Is located at |
RIERAE &F ?H@*B&/@ﬂ%?ﬂ@ﬁ%‘ﬁdé?%&fﬁr%‘?ﬁ%r ARFREHN & adnberaBPadigant of the
resteitesneints lrue dejetbednizrbiodivestts of he pregentinvedien &lse range. All
safi f ' ravid ibration system for
pﬁg\%%ﬁ%%%l?g%ﬁgﬁ %%%%%é?ﬁfs% \%étlhél% dir@gt%(rgl?#l%ee@%? The calibration
system inciudes a calibration transmitter, a calibration receiver (herein

also referagth (0,4 4ATGSH0 BN 908 SHICLIRERIODSORIRAMNES noso

coupled to the calibration transmitter and receiver. It sh _
imBm SN & Galeriny, sYsiealibratiiedgsie malireienadatirirmee with a
catietion disadelnesalinetiana sealeai N ealiREAtO N AMBHRSIOrRHREmitter, 2

cal%ﬁgti n system.. Ac(gord.inglg/ the calf iog transmitter angjtté}ggalib{ation

rec verra, BAChCam be a?'f%’r?geésgithreerear{% rrgjsnﬁﬁ orfidn Siiar and a

caRpratiomisediborockiroumecstiplestinite satioralivtareestyitiec alitor stmiver.

e s S

treifisonitinglibisaoaniiiensy ackinilizatiolimesuesiiterm, o seaborne calibration

- systern, and/or ground calibration system. Accordingly, the calibration frensmitter
and the calibration receiver, each cam be amanged either at terresivial or non-
terrestrial calibration stations. The terrestrial stefion and non-terrestrial calibration
station, each can be sither mobile or stationary.

According to an embodiment of the present invention the celibration
transmyitter includss & fransmitfing entenme, & wansmitier synchronization moduie, &
frequency signal generator coupled to the transmitiing antsnns. and 2 controller wnit

| coupled to the transmitter synchronization module end the frequency signal
generator.

The transmitfing antenne is configured for radiating eleciromagnetic
radiation in & predetermined wide frequency range in & reguired direction. The

- trapsmilter synchronization module is comfigwred for providing trensmitter
synchronizetion clock signals, The frequency signal generator is comfigured for
generating commmicstion freguency signals comresponding to & list of
predetermined frequencies. The controlier unit is configured for receiving the
ransmitter synchronization clock signals and producing controlier signals required




frequency signal generator coupled to the transmitting antenna, and a
controller unit coupled to the transmitter synch ization module and the
frequency signal generator. The transmitting ametins is configured for
Watasiig @tdctromagnetic radiation in a predetermined widerCE fapgs/moass
reqtured direction, The- transmitter synchronization module is ODnfigured
for iding transininer synchronization clock signals. The fiequency signal
generator is configured for generating communication fivquency signals

g%?ﬁgogr?%g Ft’é)’ ggqg%&f)é fﬁ%{% eternimedF i%]ygfncies. ‘%rg)% controlléﬁg_é%uﬁn -

andEpsockiginentanielien SNl WG ARAGHEIAZS 4 BTN 00MER0A R ibition

for triggering operation of the frequency signal generator to generate the
fré%fﬁg‘%%ﬂﬁ@fﬁimgéwgﬁ?&% {the FrevamsAten fregrayisignals.
during hURedusaiiRt e nlsJecaladidin dyeltime sangasalihe o receiver

communicatign frequency signals, The calibration receiver includes an

arFEFBTODVRAH AR oM PLL A6 A ORBARSH ISHRGHIM S SRECatssApisiad with the
dieeHOSY HAGALSCRSO LA RIS WER:IRE: RARLAIIRANaRARE coupled

to the receiver synchronization module. Examples of the direction finder

sensor iRCRRIBISUPEIBS JiFRtigy fnderornsosyinerdeL Nt spsroh laied to,
radMITeT oS Aading ST SIAMMeENINING AR SH BhmRI SRS oying an
The array of antennas is configured to receive radio frequency

o| EEFSFRARAET LG BMERRssions from the calibration transmitter. The

receiver TagNCiiaizakonmagile igco@&lﬁg&}p REPVidesnCchianizag] ency
clock signals equal to the clock signals of the transmitter synchronization
melaETomam it Jerestaissions n Feger Sensalibrationg e mitecadhmgeceiver
(e ARGl AR NS AR UE N B A% KL e BUAd A1l Olncic signals
in?e@ceptin frequency signals tra%ﬁ%mitt_ec?ﬁé%%ng hop Ura%ﬁéﬁmem s
inféRa 0| dearaclisignalscofi sl trmem g e naheonization module. The onboard
direction finder sensor is corfigured for scanning the same list of predetermined
frequencies as in the ground station, intercepting frequency signals transmitted
during hop duration time iniervals located within the dwell time ranges, and
rejecting all other frequency signals received within the dwell time ranges having

duration different than the hop duration tims intervals.

The calibration method and system according to embodiments 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
fo transmitted calibration frequencies is used fo filter out undesired signalsg
received by the caiibration receiver. f

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

in accordance with the calibration scheme according to embodiments 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



rejecting all other frequency signals received within the dwell time ranges
having duration different than the hop duration time intervals. The
calibration method and system according to embodiments of the present
VR &M F4s many of the advantages of the technique merEiSHER006/000480
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
sl 9agiturdesiod.aonals,reeaived oy e CRBINAN JEEENE in one
[

0 € signals having short n pulses cause mihima
i .

gidsatioezypithother neighbor systems. Thus, it makes easier to obtain

ermission to.opetate the calibration tem..Jn accordance wijth th
g ali bra%%rig%%seg m éugc‘%ao %?r%l t% ear%}t%%éllsfn (e)?l té%f%ﬁ?g&%?gs%ﬁ‘#u e?fi éﬁfqﬂeﬂc}’
tistznaim berof transneitcn fupdaiertbie fagddheyriimnbiematielangmidsianf the
cycles (per flight) can be.increased, thus better resolution.in frequen
e R Yo o
Hefirednadannypidtdsatmbentibiiadifregatacian be obtained in one
flight/sailing path. Likewise, due to the high amount of the collected
number Jﬁﬁeaa%t?{éyo%ig%'ai@mh@F@%ﬁg%ogﬁ%eaaﬂ@@&aatém@%qw%wgt to
Ingraibtiditentthefdata pkteat nneasivendests nhitamedatiirdtedeniog of the

fregugnciss satid b@u@‘iglﬁ%‘?gctbtﬁgﬁﬂﬁﬁaﬁ;\%e&%g%%%Qﬁ.éheﬁs?%@%%i% to

the frequencies. The calibration system utilizing the calibration Schéme

acb6r &M B Eanish ATSERISSRHE HEEs Eh CRMETHOREI co/staBt hagufie be done
skitseleopieratars alishan ealitagenpriatian, shetke hgitaaidhabrpdatingaf) is
thgof e L{J%ré%yalést according to the environmental interference (which in

yplore
conventional system had to be done
By using the method and system according to embodiments of the present

invention, it is not necessary o perform calibration flight at only certain hours of
day or at certain locations fo avoid interference.

The time synchronization technigue employed by embodiments of the
present invention increases the time efficiency of the measurements. Moreover,

contrary to the prior art technique, it does not dependent on the detection process.




online simultaneously in the target platform and the calibration transmitter
end) is not required anymore. By using the method and system according
to embodiments of the present invention, it is not necessary to perform
VA R ight at only certain hours of day or at certain l0@SHGREY§/000480
avoid interference. The time synchronization technique employed by
embodiments of the present invention gncreases the time efficiency of the
measurements. Moreover, contrary to the prior art technique, it does not

dependigg%zﬁﬁo%%%tg(égp rth@r%(i%%%bw %Pep E?élé%zr%d a_method for providing

PCT/1L Ina first aspéct of the invention, there is

prajifichsigra datatierduis wiibvedding cham hiedrin et ashaskeaiian @ngirédtiRviding 2

fidar dheomsthadcompesingidadiRip viding-aptetative nmBaNied &ansmiter at a
calibration recejver with respect tot_z‘i c?ﬁal*))rati%n transn&ié er n?tn 85 value of at least
p??tﬁj@fgm'f?%% BNRR T A RAEAH SiheP) (B SatiR P S S sietar i

vateaiethtiteasengretaveinimeicatige teauecomnsigngaaiopldpedienicgnsmitting at
signa! srniQeddey HaRSBIIRGALIeaskARR EeIHRNEN YN @)listRiding a hop

predetermined frequencies; (¢) providing a hop duration time interval

- RHRHRRMR BERYYnetet R ARYRIBT RN GR0RR HelaRaging said.
(¢Hrgenesatiny seidratimnasini cation fnection dyesigevadycsipes pondisgptoisaity said |

calibration nsmitter towards said calibration receiver on

f FHREY. @%ﬂgmﬁwgﬂ&d 5&%&%&@5@%swcx;%gwﬂaweamaﬁon

during said

HERSRIARTOI ARSI AR\ DR BROFIRANG SRR HUREARIA RRRiAvEet s interval,
the erbtEtgnsimsonitienanchthensabibration neecvaibfeticait-aideirironed the

b en 2RETael LA SRR QLR NSRRI BOUIER: dhats of o

I S
scannlngr{he ist of preéie ermined frequencies he™ calibratio

revednesnigationc@epeng) byansing the lisans RisgAtrscinge fresEencies by using the

cempraRisatiepdirauensy Hignadirmasmisfed.dingngibe bamaiEriortiner, the
interval within said at least on(? dwell tiﬁpne r%nﬁ@g (ip\ rejectin a”tmhernterval
FRATTEHR BIGR Al He Y BT R BRI G RTINS Wi S LEHY 4 T2t

onighowesl|distdeasigmbalviry tie adoped#fetdntréietiisgidihahed fratieenanrignals
'%‘E@Y@éﬂ by the calibration receiver within said at least one dwell time range having

duration different than said hop duration fime interval.



WO 2006/114784 PCT/IL2006/000480 -9- In a second aspect of the
invention, there is provided a calibration system for providing calibration
data for use with a direction finder, the calibration system utilizing a
W HSeA 16 transmitter including a transmitting antenna, a fr@§EER2SPENGPET
generator operable for transmitting communication frequency signals
corresponding to a list of redetermingg frequencies, and a remote
calibration receiver including an array of receiving antennas for receiving
radio frequency transmissions from the calibration transmitter, the
calibratiofl 828EPREERRSHERIGNE) AVRaiin ersnerddpshasiibiadanesystem for
ar‘;ﬁlcﬁvita@@b&ab%ﬂ&hﬂ@fﬂﬁtmﬁem&ddﬁﬁeﬂﬁgj@ufﬁdé@rﬂﬁﬁ@ﬂ?@ion system utilizing
re ' itter. synchronisation .and receiver synchronisation
ool VARSI 1SN R SO B ERENE, SREISRT TG generator
SYPRETASIRZRAI STRASEHRIRG aeenfREriead QB ritsasiema sigealsrarresprinding to a list of
cosligiuieshied msQivingesaigigansraiist SYBRbRRIF 3ies; o ok HENY SaFray of

producing controller signals.required far triggering operation of the o

LD SR el o Vel L HEELB e RAaRATR itB y calforaton
siyaakrsdejuihsticlpfedion syalenisicofipisidgtdinaitradsmatiercncics oniation module
dupieg Bopduration ptenalstecated within dwell imesanges of Said. oo e ctively

STV SV Tt 17 T T especlveary,

communication frequency signals; (iii) an onboard direction finder sensor
aJEIEENTHACERAISRILD PGSR SYRERIRSaiN opictionaihdil a controlier
receilversyadhfonizativsnamaitdate syhetdirdetitonfindeiutenser Beinffequency signal

CUUMERS TaR AN,

frequency signals transmitted during the uration time intervals

op

loBBFL A RAYRIRSheiRletimignala gresiuish i draanriag RReRfien wriby frequencv}
Sigignisl igaeirac withiendratdwedl tonerangesonavéagensy alignaritierrphtially from|
than said é%jﬁ?eeg%g%fﬁ?fﬁéﬁ%'fbter%%'é?o?h(‘ddﬁﬁ a clock sy e&?f%’ét'ﬁgf'sozgcam within

source ('_JOU e tr_ans Itter jsyn_c onization moaule an receive
sy#eit dineatrg ea ot wid aainbulingasrfigesearfer sgnskolilyiag @iberrd direction

sigRaty REMLsledsRsthedranseiiersynchrorizatipr maduleang dhoupied to the

receiver synchronizatti.on mo u!e. ¥VO 006/114784 PCT/1L.2006/000480
_qfpceiver synchronization module, the direction finder sensor being configured for

scanning the list of predetermined frequencies, intercepting frequency signals
transmitted during the hop duration time intervals located within the dwell time ranges,
and rejecting all other frequency signals received within the dwell time ranges having
duration different than said hop duration time intervais; and (iv) a clock synchronization
source coupled to the ftransmitier synchronization module and the receiver
synchronization module, and being configured for synchronizing clock signals provided

by the transmitter synchronization module and the receiver synchronization moduie.

83; 8 ds%‘i?]rﬁg dE:‘?nH&q ﬂ%ﬂiﬂ%gﬁcgﬁglg%agnais !



There has thus been outlined, rather broadly, the more important features
as per embodiments of the invention in order that the detailed description
thereof that follows hereinafter may be better understood. Additional
et/ atPadvantages as per embodiments of the inventioraitittxeossbosdso
forth in the detailed description, and in part will be appreciated from the
description, or may be learned by practri1f§ of the invention. BRIEF '
DESCRIPTION OF THE DRAWINGS It 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
refditemedts thesabeempalfipaty tibainysadivwiiembig. inflostritésaanes as
per SHABRIABHECHEMS RLEkTgNE-CORRAHON MRCESEIEL oS RtRNISRereof that

diagram of the electromagnetic signal used in a conventional calibration

followz ARG R MESPHRI - BOSEHERTR BRI RS RARAEF SLAMIAARSFS Per
emiyditemtdost prowdirgicaliblicho s dtathinrateo itanicaivdts aintembacine part
, re ' iQn. ig. Al f..
W e o R SR n
2006/114784 PCr/1L2006/000480 =11 DETAILED DESCRIPTION OF
THE INVENTION The principles and operation of the calibration process

AR BEREE HNIRRR e beter undersiood

wherein jGBfSEERLRAYMEAIS bRKAEERPed dGKAPAYLIS SESinaleon: in

identical elements, where it is convenient for description. It Is understood

thfagisse m@Wﬁ@s@bQﬁ%%rWﬁrm prrgeseioedy b dvae oforon-limiting
e SRS 07 T D
accordafé® Wihistratan bo érammtoytecheme of in-flight calibration process;
Fig. 2 is a pulse diagram of the electromagnetic signal used in a
conventional calibration techmique;
Fig. 3 illustrates 2 schematic block diagram of a calibration system for
providing calibration data, in accordance with an embodiment of the preseﬁt

invention; and

Fig. 4 illustrates an exempims} scheme of synchronization of the calibration
system of the present invention. '



present invention. It should be noted that the blocks in Fig. 3 are intended
-as functional entities only, such that the functional relationships between
the entities are shown, rather than any physical connections and/or
%b%sical relationships. The calibration system 30 includes a calibration
randiittdt™8h, a calibration is receiver 32, and a synchroniZatigH 8Gfa+0
33 common for the calibration transmitter 31 and the calibration receiver
32. It should be understood that generally, the calibration system 30 can
be an airborne calibration system, a satellite calibration system, a -
seaborne calibration system, and/or ground calibration system.
Accordingly, the calibration transmitter 20 31 and the calibration receiver

32, each RET AL R RIESdRHE! HO S U thbifo INYENFENral calibration
stations WRICH D IUER. £HPE LR H ML UG SR B¥ssARAAKH Wecording

one example, the calibration transmitter and the camtlon recelver, each

calP Bhcapsprb dreti R SRS PO ey terdssstpad atithatederatation theodrawings
ShoyieTe aIFaaYHR aRURIRHER, SANAS ARR ReINGY RIAHOMAA0L been used

mounted 25 on a mobile platform, e.g., an automobile. According to

anBusscbahpesiseataitnafiich elamsmitieryhme fHe eantraitohivedeseaption. It

eald AR A rangedal H%%ﬁﬁg?%?@ aging 9%@%%@%'&&%5@9%@ and are
stations (not shown) mounted on mobife platforms selected from an

airepamesigodrdisstinite. WO 2006/114784 PCP/1L2006/000480 -12

The syn [Zati ' figur ting: ignal

requ e R 30 fr
1cativesiibngreabibretiar dain sxilnpratodihe agersiiaogizaiitnaoendwdnent of the

sujtahle for RUr [ tinvention;i t4s_not.

o, D ot e e B R S0 mnded

31fimsitidesd sntdnsmitingushtémis] fyeisigabirgetienabipbesiteendbiplentities

1%&%&%@%{&]%@% %ﬂ}%’ﬂ%lé% bR LRRSHYES or physical relationships.

The calibration system 30 includes a calibration transmitter 31, a calibration

15 receiver 32, and a synchronization source 33 common for the calibration transmitter
31 and the calibration receiver 32.

It should be understood that generally, the calibration system 30 can be an
airborne calibration system, a satellite calibration system, a seaborne calibration
system, and/or ground calibration system. Accordingly, the calibration transmitter

20 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 arrangéd at the corresponding terrestrial calibration station
(not shown). The terrestrial calibration stations can be either stationary or mounted

25 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.



synchronization module 313, and a controller unit (system) 314 coupled to
the transmitter synchronization module 313 and the frequency signal
generator 312. to The transmitting antenna 311 is configured for radiating
gpetic radiation in a predetermined wide frequenc .
%@V%‘Eg@ggeggalibration receiver 32. The transmitter synchr%@?&?gﬂﬁmmm
module 313 is coupled to the synchronization source 33. The frequency
signal generator 312 is configured for-geherating frequency signals
corresponding to a list of predetermined frequencies f, f, ..., f,,. The 15
controlleTiniiyathrimiantiguedto Bcai@iifigalegisignakimmetheclock signal

transmitter synchronizatjon module 313 and produce controller sigpals _
ARt o FaF i JHBFIn G P HTSH B tﬁi Rt Lfé%l%’;%}aﬂa?faam%r% o the

JQARANNGLTeEMeBE R BigNals: saplestialy Fanniha st ef §88rce 33 suitable for
predetermined frequencies. When required, the calibration transmitter 31

cdheramrRash et arerinbinprdes s dgp dytdsme itk iy (Global

Sa@ggﬁgﬁ%@g%ggﬁ frequency signal generator 312, and configured for
amplifying the frequency signals produced by the signal generator 312, -

and relabirabranniteaetice ALy SHKEs adERs TR AR et hng signal
S%Hé%@&rdigzto agmpodiment of thednyention, the calibrption reegivanitter
3Z (ta

LDLLILLLIRS. LLLLElIER LT

rget platform) includes an onboard direction finder sensor (DFS

)
3z1nehrenivien2megHendddizand i rasuimdlar i {ayairay Sl dronrlghde the
%?t%xm%_%ﬁ%me Bample s fﬂ% rection findet3ensersiz,

3
321 include, But are not limited to, COMINT (communication intercept)
10 syBhertraunsening Prfisienar Shiciincenigeired) fov 0adtoe sergamagnetic radiation

P TMQ&%%%&% s ﬁ%ﬁ%%@ﬁ%g&%@&g @Q@ﬁbﬁﬁ&%@ 15988 The
0 e%resen application, anid radar direction fording systems employing
arransrigtonsgtehtectmitpre ridie e déd/éy synplud izt synibdaézaionisource

capfigured. to provide. synchronization, glock signals equal to the ..
AR R SR AR A SRS, SR, tppency
anfennBs@2&qrendispetsed Aiongf theedetfacmed thequencies f, f5 ..., f». The

15 controller unit 314 is configured to receive the clock signal from the transmitter -

synchronization module 313 and produce controller signals required for triggering
operation of the frequency signal generator 312 for generating frequency signals
sequentially from the list of the predetermined frequencies. When required, the
calibration transmitter 31 can further include an RF amplifier 315 coupled to the
20 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
25 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 (communication intercept) system and ELINT (electronic intelligence)
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measurement target platform, and configured to receive radio frequency
and provide it - electromagnetic _ transmission a- A.,.,OM", fth-1 e
calibration transmitter 31 .. provide it to the DFS 321 in the form of

ication signals representing a sequence of freque ignals. 1
n ogéggtjll%%% at the calibration transmitter end, the controller;]igf}(rj%?t}‘?’s@lﬁgﬁ(}%&)80
loads into the frequency signal generator 312 a list of predetermined
frequencies fl, 2, ..., " selected for thejgalibration process. Moreover, the
controller unit 314 generates the controller signal and provides this signal
tosiheMepurneysSigoakaanslatan3te foytrganrnothepelde piatsaddheand
frequency signals sequentially from the list of 15 the predetermined

frapflie e o Ending STR PSR HEPIOY R R AL S FIOLISE; H time

range, arhoprederaton e dtesn(i- odutertamn tide ddtemyateirivg provide
which each frequency is transmitted), and a time delay defining a ;I')osition

ofstRehrRspzatiatdRGh Epal vt iRdhnsendimiztige dedkifipeals used at the
deserpegherginbaewsin getall e Reiening t@ifiers3enditiand Jageibess the

the dwell time range of the pulses of the communication signals used for

trarpssameRb claash cleormguendy roslesed pledeesimeddiaudeduency

(seecRiagremdAy Rialerably, Buspiedeleiningd Valigig-salecied tabRle it to
as short as’possible, e.g., 0.2-100 milliseconds. The decrease of the

dvifisl| iR Adduise thehdosre dormyeniicatiere AicalatropTeseE it agfsise of
signals.2 ggégaq&nvironment. The limitation on the duration of the dwell

time Is asSoclated, inter alia, with a magnitude of the signal-to-noise ratio
requiredibyrseatinh ghitic calibration rapsmisteraashidin gortioNeraibtid loads
AR UBRLARET P 18 ROBIGRHOR HERKRERL £ ..
sighggléygﬁ%%gwf%%%n%gﬁt%/rece%/]%ng(%h 30 frequencies f, 12, f]fﬁ
arg s eedhifoAtoomilitysti anpthessexinpieyenadminmdoenvat 314 generates
2 g /t.:lolnéﬁr?o er%?g-ggi'azgg %4:%9%%%11& éignal to the frequency signal generator 312

for triggering thereof to produce the frequency signals sequentially from the list of

the predetermined frequencies. The controller signal is indicative of the desired
dwell time range, a “hop” duration time interval (i.e., a certain time interval during
which each frequency is transmitted), and a time delay defining a position of the
hop duration interval within the dwell time range, as will be described hereinbelow
in detail.

Referriﬁg 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 \‘faiue (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
comrunication frequency signals employed for {transmitting/receiving the

frequencies f3, /5 ..., f; are all equal. According to another example, magnitudes of



the dwell time ranges of some or all of the communication frequency
signals corresponding to different frequencies can be different. In
accordance with an embodiment of the invention, the operation of the

&%i%@gjmggnsmitter 31 and the calibration receiver 32 are i:&ro%l' 98
in time 5 by using the GPS. It should be appreciated by a pg%réfc})n skilfﬁ !

in the art that contrary to the prior art technique, where the
synchronization is based on a detectieri process and no time
synchronization is utilized the present invention employs a common clock

siginal fareBy sl qaizationf dwalbticneathngeshat dbenoaliosivan fapsmitterignals
&gwell time ranges are all set

and receivey, ends. 10 For example, when th
toqgﬁﬁﬁ?él’\éé?ﬁi?gﬁ]%%ﬁe‘gﬁ%ﬂf%%ﬁ?ﬁ% Sl‘f BFthe clock signals

(generatpd AydheataR SYith set tnbddRSerheMmberatisaguenciasdtiat of the
can be handled by the calibrgltion system in one, second er%é/ﬁ@goo. In. .
otFRHRARIER Al d 4 SEUBHIIRG 16T rdqtisrme pasd in time

scafeaisadnpacsiightsailingcatibsafiannaih. bs Ik shaws beiaparaciatedut that
that if more than 200 frequencies are required for completing the

cATIEABh 19rJBESBIiHe ) HERRBHIZ i S BET SRec DS RTaNEHIRSY [ isehen 2
segang it iwfeismare hsesords ey imachiavditha, capapitigdo invention

LU LAE T Ry AT TR AR T Y A Ealh) & A Fi ) PERAS

collect data from 400 (or more) frequencies in gne calibratjon path. In
DRSS f'hé%&@@c@ﬁalss;?mo%ﬂ%aﬁ@ﬁ%@%@ean%@lﬁ%mm%ﬁb%i the

2Q-fiteringrowhalhiheodd teBasigimls. In this case, resynchronization
takes place in the calibratign transmitter 31 and the_calibration receiver

1032 only foPERNRIPESn Gyl dimeumeniarsih ssh BmpBtilisksonds and a
theyiueaH B HeRAEQRME o3 k4 SIS CeHARIINSYRN\GIS TS schepl PPS
duration time interval) during which each 25 desired frequencies are

i

trdhSatBberTHe FepyeRfist dhah R A8 Bradlarh b ditRNPIREIBIF RN one
raﬁ&%ﬁése,ﬁ@j@gm Bh Fahexampir, Waasihnawelldineragassisgeto 200

equal for all the frequency signals and set to 5 milliseconds, the hop

dUFSHBENSIRSEMIBRRY C‘fcgff%%%%@c ikl sREEAEPAIPERE frequency

155ignals. g should be appreciated that if more than 200 frequencies are required for
completing the calibration process, the synchronization period can be extended
from one second to two (or more) seconds, thereby to achieve the capability fo
collect data from 400 (or more) frequencies in one calibration path.
In particular, the two-second-synchronization regime can be implemented by
26 filtering out all the odd 1 PPS signals. In this case, resynchronization takes place n
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 intervaly during which each
25 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

30 prior art techniques, where the time interval used for transmitting each desired



It should be appreciated by a person versed in the art that contrary to the
30 prior art techniques, where the time interval used for transmitting each
desired WO 2006/114784 PCT/IL2006/000480 -15 frequency coincided

Wméggqugil time range, in the present invention, only a palgklg;ﬁﬂﬁ G%W(%l 0

time range Is used for the transmission. The utilization of a transmitting
pulse with a predetermined known duration enables the system to identify
it and ignore the other signals providing gnvironment interference. s In
accordance with a further embodiment of the invention, the controller unit

3esatnvplipscaldimatdelrydseliniigea AQRIlinNaE thesbapitkEaiEe) only a part
interval the corresponding dwell time range. Preferably, but is no&

mahdBfor il d5BR FRpRauFaBiFEintetiddsy SR ehithG (HRlization of a
CaFRSRAARMB G {IREURARYH Spletateshinethenaigeletefiish Cormesponding stem to

dwell time range (as shown. in diagram to B). In qQrder that the hop

dOPEHBE i ERTHRRAS THORE AR ISR S Ry e CHECRREY IR Eignal
sarrives afthg dacrives Whe thTakeauieddanthedravelingebiin, the controller

communication signals between the calibration transmitter 31 and the

calibtatibhseecenss dhauidely talHugia Besibion: ¢ the hop duration interval

syRahienizationarcess. IB4his 15asaiar e dransmiting HemHensydatory that
signal the value of the time delay for 15 positioning the hop duration

infaRFaRRratiomane FRisTeideis karsmitting dhaeerssaeeditm AaNemgy is
they folQMn e GHATIN ol CRMAp At Seelhsiedikis(tRatime delaMeram

ZDYV is the corresponding dwell time range; th is the hop duration time

10inf@hva,osdey thatdinrhsedwatioadnteneat aas it mddlninkihg fwpl tisee range
the galiRratioplacaiveE3% ARd-ESIBe HahtiMalocivifar BXaRPIRVARED of the

the dwell time ranges are all set to 5 milliseconds and the hop duration

inesvaNBictien meaHlsberitha saibeibemnramnaiten 3 randihenealibyation
d ‘f%%@%}“ﬁﬂﬁ!ﬁ;ﬁf‘ﬂéo%ﬁ%cﬂl?&%@o%&t i\ 'iﬁ%cﬁpeféi%%%ﬁaﬁ PERRLs. In this

propagation time between the calibration transmifter 31 and the calibration

reegsigerfor the transmitting frequency signal the value of the time delay for
15 positioning the hop duration interval within the dwell time regions can be -
calculated in accordance with the following equation:

tp = (tpw ~ )72 —S/c
where # is the time delay; tpy is the corvesponding dwell time range; £, is the hop
duration time interval; S is the distance between the calibration transmitter 31 and

20 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

25 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

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



25 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

w&g&)ﬁigg%generator 312. The signal generator 312, triggf,ga‘gl Mo6/000480 -
controller signal, sweeps the frequency 30 list table once at the dwe ftlme

rate, and then transmits each frequency over the WO 2006/114784
PCT/1L2006/000480 -16 required hap ghuration time interval which
position within the dwell time range is determined by the required time

delyiins dRsribedabave: IntaRaralinihtBessaiRrMeMIFAB IR Bde range is
transmits continuously the communication frequency signals

ol LEpEReRY dereduiEimmiti e Jaedr b A Brepared as

describeg) agguationfelative meign:in @aalieiRieranper-feloakwiseinuously the
counterclockwise) of the calibration receiver 32 is provided with respect to

thECEHMSFUERIOR arieatRISYy STgek sussrondnea @idhsmpecferieg drgyency

s butywithin ihe) QReratinpal ARe Lihe Aa/DRdioR 8L Mek8 %aabi8r (clockwise or
communication signals intercepted by the calibration receiver 32 should

h&sgEdopisimi RS horBibalies fesbite Iequire skpthrEnsseect to the
C%%.'{t)li%.ﬁ"\)ﬁ % %ngﬁ@& g@dﬁ@tﬁgﬂdﬁhﬂ&tﬂ@g %&%@m{m todfcl‘b Sther it within

B AL BRI N ALRJLIE W WALy RS LR

calibration receiver 32 with respect to the calibration transmitter 31

inhaderctnicud aragrent e exbbrplentiecerinsrdfor]| E@pém@@iﬁ&@@éssignﬂs
m%%gm%& the grenpdihiledhe. $3!baiRnHEoRSiHSh Anifude in order to

. According to another example, the 15 calibrationreceiver 31
10 candsé theowaniest sighillet eheoisglipradibionransmitter 32 moves with respect

to the 9@%&&%@9}{&1@&@ A SRR DS CAR AP 'EARNR R receiver
and the calibration transmitter 32 can be in the relative motion, as
de¥kribighl a¢rpeet ithahethaibratiom dvasmiieeshednebutkes dhsuneseAnitan, for
LRI S e RO s0983 Fhie
syradtimanizativansmitter 31 is motionless. According to another example, the
15 calibration receiver 31 can be motionless, while the calibration transmitter 32
moves with respect to the ground. According to yet an example, the calibration
receiver 31 and the calibration transmitter 32 can be in the relative motion, as
described above, when they both move with respect to the ground.
At the calibration receiver end, the list of the predetermined frequencies is
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



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

anaglocksignal. The DFS 321 is set for intercepting each H?Wﬂ?{ﬁ%ﬂoﬂ 450

signal from the predetermined frequency list 25 over the dwell time ran
(see Diagram Q. According to one embodiment of the invention, the DFS
321 is configured to intercept a signatoiy-within a defined duration, such
as a predetermined hop duration time interval; all other signals (that do

notatibrtibisraguiidmeti fansmisjeseunEscaiamdesBsfdesaibfdquency over
A VRRNEM NI INAENGER 2R Sehi0 0 3 ISR D1 fukes

hop duration inter als are set iseconds
PGﬁM@ZO@Gﬁ‘DGﬁ@SB Hﬂlﬂi@@;ld)@l@lgm@mmnﬂtmp%édtmhm@ milliseconds dwell
ﬁ}% cae on signals for each frequency over 3 milliseconds every 5
iIseconds. According to this example, the DFS 321 takes into account
50n|y 3 mifliszwdings mgaafsxmmwnbedwnﬁhtncﬁ‘ rﬂﬂdﬂSEﬁ@ﬁdSr{JWﬁH e 321 is

ordin af rt rem odlment of th on the DFS
Q:l %%rnff ng[Jre?i cCept onfy tho g??él&ﬁeﬁ@{l@ hF’Eﬁ et yply have

oniyduhtmnmleddtmﬁmmi@omwﬂmtwmmtersmmmm%@mi@@@bMG dwell
middle of the dwell .tim e. Accordin embodiment, all other
A AR AL Sler WA (6 g these
forapcteoharsH aim&jamgé that includes a valid mtercepted signal, the DFS

321 prodlucge)seaa Desc péo Eiif Exam of dat |n the Signal
Descriptor AN ThE deof)ﬁfi% drﬁ% fIstﬁ rdttercepted

&g@ﬂﬂwmﬂmmpmmmtﬂ@mtqnwm@t(gm)pm@mlw of data in the
oA o re AT i DAL B S BB AP RSB e
signal, such as-sfjgeiidtRaiOrarRiaset contains the information about phase and
amplitudes of the intercepted signals for each antenna from the antenna
15 array 323 of the calibration receiver 32;
~ Detection parameters of the signal, such as signal duration, phase
quality, efc;
~ Direction of Arrival (DOA) of the signal, when exist;
- Navigation data as reported by a navigation system of the target
20 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 hdst computer (not shown) for on-line
monitoring, analyzing and building calibration tables. When required, the data can
25 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



quality, etc; - Direction of Arrival (DOA) of the signal, when exist; -
Navigation data as reported by a navigation system of the target 20
platform at the time of the intercepting the frequency signal, such as:

%i%&%}[&ggitude, Altitude, Pitch, Roll and heading; Time g(éig{ﬂg&ﬁ}jﬁ&o
e

of the reported frequency signal. The DFS 321 can relay th to a host
computer (not shown) for on-line monitoring, analyzing and building
calibration tables. When required, the ddta-can 25 be stored in a memory
device (not shown) for a further off-line analyzing and generating the

calitilztiohatab lesiA fosubh, divgeiskilé dtireteracticeyRighehe presebtesses for
inventior;%)er% ins, can ,appreciate.that while the present invention has
ORES ¥

beén des AN G R concept upon

which thigt dsbokdlguriseisubdsetonthytiendilhbesW Gha0Qafkdd#84 synchronization
PCT/IL.20 00480 -18 utilized as a basis for the desigping of other
O M e T WL i
of thecpitesbad ipvention (it shauldditzaneedtetdsibasiaftbargP)eny other very
transmitterﬁs}égggronization module 313 and ttLg eceiver, syrichrpnization

mEGGE4S VBB SO & 8 YO EPS Srecr?éi\}?ﬁga § implemented at
sydehrealibatitm closk:signRal Sorend Rodaity athBREIdDhass#iat® 32 end (target

synchronization source, e.q., atomic clocks, can be also implemen—tea“zit
thé)f@g%‘fﬁfﬁzﬁg% %ﬁ%ﬁﬁﬁ@“’g@éﬁ’fﬂp&m‘?ﬁﬁe calibration receiver 32 end
(target pJMZjI@‘@,rmii @b Ebr}exﬁmwﬁml alz%stom@yﬁaml 1@%??11@ i%ﬁ%hﬁiogy employed
ungerstood that the phraseglogy and termjnplogy employed to herein are
Dy da e byt e el Pl e
the method wlaimetibat dellew, minhaetc ehdasigrsdsediadasian@ieesignate
clai[n. st§fs are provi,d%grfor convenience gnly and do not imply any

paftiAr BEE }gfobféq ﬁqﬁqﬁ)ﬂygrg@ﬁg_only and do not imply any particular order
of performing the steps.

It is important, therefore, that the scope of the invention is not construed as
15 being limited by the illustrative embodiments and examples set forth herein. Other

variations are possible within the scope of the present invention as defined in the

appended claims and their equivalents.

20



It is important, therefore, that the scope of the invention is not construed
as is being limited by.the illustrative embodiments and examples set forth
herein. Other variations are possibl? within the scope of the present -
invention as defined in the appendeg claims and their equivalents. 20 19
- CIHIAMMS: 1. A method for providing calibration data for use with a direction
finder, the method comprising: (a) providing a relative motion of a
calibration receiver with respect to a calibration transmitter at a

1. Predatespinac distance Jsoprerehdeth € (B} satingdirpraee et etk
value of at least one dwell time range of a communication frequency
meHHLFERIBINSA for transmitting at least one frequency from a list of

predefppringch i eqericesidedpeddiihaation dusationii ecipienval a-
within said at least one dwell timg range for, transmitting said frequency;
() GEHURHAG SRR AR L s SR A EB RSP Mg to said

frequenexite) irramitinmsaicanaromunieation-feeaukers sigigaldiythe
calibration transmitter towards sajd calibratian receiver only during said
hop GOFERERAHE %%??ff%@iﬁé%‘?c%ﬂ%ﬁ%ﬁgﬁ%g% 3%%%\5\’7 Sen
the calibrationfiansnister anel dhecalidradgoeretaiyer for said at least one
Sear AN B PR By D B Ay e
receiveiid(rintereepting shid siagetivg calibration receiver, the
commynication, requency sigual iranemitied duing the hop duration time
frequency,
(e) transmitting said communication frequency signal bﬁ the calibration -
- transmitter towards said calibration receiver only during said hop duration
time inhterval; .
(f) providing syﬁchronization in time between the calibration transmitter and
the calibration receiver for said at least one dwell time range by using clock
signals of a synchronization source;
(g) scanning the list of predetermined frequencies by using the calibration
receiver; '
(h) intereepting, by using the calibration receiver, the communication
frequency signal transmitted during the hop duration time interval within said
at least one dwell time range and
(i) rejecting all other frequency signals received by the calibration receiver
within said at least one dwell time range having duration different than said.

hop duration time interval

2. The method according to claim 1, wherein the 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. The method according to claim 1, wherein the value of said at least one dwell

time range is between. 0.2 milliseconds and 100 miliiseconds.



at least one dwell time range and (i) rejecting all other frequency signals
received by the calibration receiver within said at least one dwell time
range having duration different thamgaid hop duration time interval 2. The
method according to claim 1, wherein the value of said at least one dwell
4, tinmgs angeibaeledteg todiesd shirthatshhagnitrdsonf tusigngktelnoise

ratio was in the limits of the magnitude required by the calibration
oS e P O AR LSO

éﬂigedaim 1, wherein the value of said at -
least one dwell time range is between. 0.2 milliseconds and 100

milliseconds. 20 4, The method according.to claim 1 Wfl}ﬁ‘ in said
5 QUG AR AFEIRE FGaRent R e o R i R
tinfdhpinethedibecoringItaaimdgwheteirsaid providing of the hop
duration time interval within the.dwell time range includes: defini
pred é%‘é%ﬁ?ﬁéﬂ’FS%S‘t?S%“B?‘g‘f%lSB 8u?§h§lr]10% er\?a]lgnvm% |%V%Ese%§%m?ne
ranggisediicuatiagga;time delay required for locating said hop duration:
interval at said predetermined.location. 6..The. r ) cording to. claim: 4
5. wﬁag%g%?u 6 éea? ﬁ?ﬁgﬂc?egl%a%/rigég%?éﬁg%%%?ﬁ? g&%%rlgance with an
equatieddemited ioty)ibd - Sic, whereto is the time delay; tom,,, is the
dwell time range; th is the hop duration interval; S is the distance between

the calibration transmitter and the calibration receiver; and c is the light
6. velteityefholiheanetngdoofieiaim Whethor conprisfirigiprotedalaisigraliated
. _Descriptor based on the frequency signal infergepted jo steph)afadhe.
mﬁ‘lcé:ﬁ{é Secor i%%?%uc aim q, fg'rr?ﬁyer E%@mpr_ising rej?&ing all other a{% °
thérégetnnye signalsirectivédmithiiisaiherfelist sribelienninbatiegs the
o Jpngaocalion diferent anamdnepuatan PRAIDENALy.
calibration system for providing calibration data for use with a direction
finder,

7 The method of claim 1 further comprising producing a Signal Descriptor based

on the frequency signal intercepted in step (h).

& The method according to claim 4, further comprising rejecting all other frequency
signals received within said at least one dwell time range having location different

than said bop duration time interval.

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

(i) a transmitter synchronization module and a receiver synchronization

module configured for providing, respectively, transmitter synchronisation and

‘receiver synchronisation clock signals,

(ii) a controller unit coupled to the transmitter synchronization module and the

frequency signal generator, and configured for receiving said transmitter



- the calibration system utilizing a calibration transmitter including a -
transmitting antenna, a frequency signal generator operable for
_transmitting communication frequesgy signals corresponding to a list of
redetermined frequencies, and a remote calibration receiver including an
arrayyekIeeiyitigaplennagids mwmmhxgooﬁ@qﬂmgnmi‘ssi@ﬁg
from the calibration.transmitter, the callbrat on system . m&rl% (|) a
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and receiver sy%g,l nlsag][ glock Si n; Is %)i ro @mu%%mmgd to
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trigg requency signal generator to gene
comgigieatiandeqpnicy signatsisersemtiatpiramrsaiddige ohe direction

predeleimined esuendise only dunghon durainipienuispnated

withi €S o communic ncy signals; (iii) an

onbaesghdirsietivinfincieriserisanasspsigtedswith saidedrrayind foesingyration
antennas.and cmigled to the. recelver sy hrgmzallonmocig{%ntau other
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dlrectﬁ%]ﬁ TGS sencsa([)?qoellng conflgure or scanning the'list 0
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during the ho duration time interval in the dwell time
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rang r requency signals received within the dwell
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intervals, and a clock synchronizatio o
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10, The calibration system according to claim 9, wherein said synchronization

source is GPS or atomic clock.

11. The calibration system According to claim 9 or 10, wherein, said hop duration

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

12

ey

The calibration system according to claims 11, wherein the direction finder
sensor further configured for rejecting all other frequency signals received within the

dwell time ranges having location different than said bop duration time intervals.

13. The calibration system according to any one of claims 9 to 12, wherein the
direction finder sensor is selected from COMINT system, ELINT system and radar

direction finding systems employing an intetferometer technique.

14. The calibration system according to any one of claims 9 to 13, wherein said

calibration transmitter is arranged at a terresirial calibration station,



10. The calibration system according to claim 9, wherein said
synchronization source is GPS or atomic clock. 11. The calibration
system According to claim 9 or 10, y¢herein, said hop duration time
intervals are located in the middle of the dwell, time ranges. 12. The
15 caliipasigmhastenyaeaondingdiactainy bhewhelsmsReairectibertimdstd
sensor further configured far rejecting all other f en ignals. recel
oo R BT S PANBEL ARG SO s A i RLAERRh
a nShHAtioRBMINteEYals fidn Thaisatifirafion sybteralaecording to any one of
claims 9 to 12, wherein the direction finder sensor is selected from
COMINT system, ELINTTT system and radar direction finding systems
16 EMpieYinhatiiteriasameterdachniqung. dhe. dludaoaliiSratid . systesin said
according to any one of ¢laims 9 to 1% WEgrejn sa{d .calibration
g s

calibIAURR ARSI SR AT RRESE AR AT IRRC B Ao AGGR: 22 15. The

calibration system according to any one of claims 9 to 13, wherein said

el sneTter & arenge oL on sl sptne

caBBiRHIE rdfieseatiptasiDn aysinrracsording ozt otsiof cawns:d ¢ 2
-13, wherein said calibration receiyer.is arranged at a terrestrial calibration
m%ifgﬁé’rlﬁtiefmfff'ée(%%%r‘i“é%%?nna%%gr%?ﬁgb 6 any one of claims 9 to 13,
wherein said calibration receiver is arranged at a non-terrestrial '
calibration station mounted on a mobile platform selected from an aircratft,
ship and satellite. '



