ELECTRONI C COUNTER MEASURE SYSTEM FI ELD OF THE DI SCLOSED TECHNI QUE

The di scl osed technique relates to Electronic Counter Measure 5 Systens in
gener al , woaotio2soedual band El ectronic Counter Measure S¢SHENE1/000092
particul ar. BACKGROUND OF THE DI SCLOSED TECHNI QUE El ectroni c Counter

Measure (ECM) syst L LY, [ ange of |
frequencies, for egﬁ%&%@ﬁgﬁw‘gémgégmgﬁgﬁyand K frequency
band (i.e., according to the | EEE radi o bands). These systens are typically
divided into a plurality of sub-systens, each operating on a corresponding

frequency range and BE(IWEF THEDISCYOSED TECHNIQUE he ALQ 99 systemis
housed in five 15 different pods. Furthernore, this multiplicity of

sub-systens resuThe disclosesit mthnidue oekates dodtlegtriooic Conmtel Méasure
sub-systens in an ECM system may be a signal re-transmtting system

Ret r ansnBystas singganerabvand tha duacband Eleatiame chosntpiaMeaswer ecei ved
(i.e., e'gt her the sanme signals or other signals) nmay increase the

Si gnal -t YRi5TEe 'ﬁa’??%'ﬁufaéNR) of 20 the retransmtted signal. Another
application of retransmtting signals toward the direction from which
signals are received is in ECM systens. For exanple, interfering with

signal s transm t tBRACKGROVIMIROF TeIE DISCHOSED TECHNIQUET afts, vessel s,
| and vehicles) to inpair the detection of that vehicle and other vehicles

by the RADAR. AcEtediiamnic t@oonterkMeasure (BCMhesystemsegrodralty operatef eri ng

wi th RADAR signals the vehicle transmts _a directional interferi i gnal ,
subst@nt PYET ya s|atgearanget ﬁg g@@!&ﬁnﬁeénafo,r EXAIRIe; hReRGRR tfr@ n %Ftshe

di rectiopal, i r ' ' ' i1 al L R si gnal
oo S RBRET 14 PhC Rk Rl BHET bbby B she R RARRR ST on
signal rphhasyed fheret heyoteisc! gre THpcalB0 dRRIdd! Ritberd nplurhBnal of | ans’
the RADAR sighal. Transm'tting a diréectional signal requires either using
di r ect i osab-systemsasedch @perating amt@warsgspondingnffequphag einge: emda arr ay,
where the relative posjition of the antenn in the array is know), U. S.
Pat ent 7P24kaged sepacatainl ikor %mmpf%dﬁeﬁipe%a%t% %Boﬁseaﬁxgléﬁeect i ng
and Jamm Jtter Si ; Sgl:Lb ecti i I ncl udes
o R .5 B0BhRrmgHE STk "EuREN B A B IRSEs. L
si gnal s &gpsfartidl Powbe HKIMBtiodNeTnSi e Ais-sybRIMEXAMIRE ECM
el ectromagnetic signals transmtted in any one of a nunber of frequencies,
i ncl udi ngystedarmayobenenisignalo re-tramsnuttirg sygters. ofRetramerhidting signals

toward the direction from which signals are received (i.e., either the same

signals or other signals) may increase the Signal-to-Noise Ration (SNR) of

20 the retransmitted signal. Another application of retransmitting signals

toward the direction from which signals are received is in ECM systems.

For example, interfering with signals transmitted by a RADAR allows a

vehicle (e.g., aircrafts, vessels, land vehicles) to impair the detection of

that vehicle and other vehicles by the RADAR. According to one known.in

25 the art method for interfering with RADAR signals the vehicle transmits a

directional interfering signal, substantially similar to the RADAR signal,

toward the RADAR. Since the directional interfering signal is substantially

similar to the RADAR signal the RADAR cannot distinguish between the |

interfering signal and the RADAR signal reflected from the vehicle. Thus,

30 the interfering signal 'jams' the RADAR signal. Transmitting a directional
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10 The received signals are passed to the processor. The processor

I npl ements a scan strategy detecting one or nore threats by observing
frequencywbandsi2sshi ned by the scan strategy. The systercadatmannioes® t he
scan strategy. The scan strategy is determned to optim ze signal intercept

s al'so SR feRBSs T bl BleCtoapater R LG, ol Bofifber) " 0
def i nes hemggghsiﬁahmé Hﬁ%g?‘?/vﬁéréct%%!’aﬁ\%‘g@siti%ﬁ\a@f R hAtbrifyk revisit

time. The p etermnes émtter paraneters according to the received
si gnal s imtHeharrdgtiskmonad "dwel | s". The processor determnes a janmm ng

signal and provides this jamm ng signal to a 20 |jam"ner transm tter which

'\'Aj;lags" tge em ttg\rs. Ba@nt%ﬂégt %ﬂ%ﬁ,mﬁ&; Qﬁ%?@r'zsﬁrﬁ@m aed MedoeR Jamer
t t Pseudo- . o at | 4

i rects & GORGYRE FLnamING T REr adobak. SReegs 2 afaion Srigbn y
spaced e UAchRd2ORd &' %@@R%X@né‘ Qﬁ&e?uﬁﬁé téﬁ@éﬁéwa! ity

in
of phase shifting el enents. | anmer er 1 ntludes a directional

finding sycdiggrami plodetsy sidpRilé eaceivedapy tise antemnantEnewss sighai®epul se
receiver, a phase-shifter logic and phase-shifter drivers. The power

di vi der far exapple) electionagnediersigna nsmitted imanyiane eoha nymaker ehi fti ng
ol cment < TERHCAD, (G USIRE dgar £ CErTBEREToTn ANt AL YD Reotass
coupled Wi h LREEQUISIGIPAIE &PL epeaSed b Viheh drBBeBYGS e~ SHd ibcessor
implements a scan strategy detecting one or more threats by observing
frequency bands defined by the scan strategy. The system determines the
scan strategy. The scan strategy is determined to optimize signal
intercept of an selected sets of emitter or emitters parameters. The scan
15  strategy is also determined to minimize the "dwells" for each emitter. A
dwell defines the scan resources such as frequency range, scan period
and revisit time. The processor determines emitter parameters according
to the received signals in the determined "dwells". The processor
determines a jamming signal and provides this jamming signal to a
20 jammer transmitter which "jams" the emitter.

U.S. Patent 4,467,328 to Hacker, entitled "RADAR Jammer With
an Antenna Array of Pseudo-Randomly Spaced Radiating Elements”,
directs to a RADAR jammer which includes an antenna array with
randomly spaced elements, a jammer transmitter, a power divider, and a

25 plurality of phase shifting elements. The RADAR jammer further includes
a directional finding system which includes four monopulse horn antennas,
a monopulse receiver, a phase-shifter logic and phase-shifter drivers. The
power divider is coupled with the jammer transmitter and with the phase
shifting elements. The phase-shifter driver is vcoupled with the phase
30 shifting elements and with the phase-shifter logic. The monopulse

receiver is coupled with the four horn antennas and with the phase-shifter
-2- '



-2- logic. The phase shifting elenents are further coupled with the
antenna array el enents. The nonopul se recei ver receives signals

from the wenh@ntrenas and determ nes the direction of pherdaheeiess t hr eat
and 5 generates a signal representative of the threat direction. The

phase-shjfter pas val ues of the spacing o he antenna arr el enent s
stored t (8ieatThe Rhasq ﬁ@%%cﬁﬁﬁgﬁ%ﬂﬁﬁé@ &‘rﬁ&‘%fcqtﬂfﬁeaa‘ﬁ%ﬁﬁé aMe&Maut ed
ant enna gtrgge‘%]%ﬁ,}eq{tg known) and determ nes a set of phase shifting signals
I nt ended a e phase of the power signals of the radiation elenents

10 to render a sTREl enBAbPOE ELdPIE! rdrae ! sigHETs NgraradithAkl oRogy T ect ed
at the detected threat. Because of the spread-out” nature of the radiating

el enent santdénrias pamgosgetermhiaest Hiee ndlinectioamofi Ithe bdeteatedndinreate arahd
require nmuch | ess ener g){ to defeat. the RADAR threat in the_detected
di r ect i ogen@eatgsr assignal tepresertativagobtbegihreat slireaten. wi Thet PBASPur i ous! y

15 produg Hte?eﬁan%ivsalg e tout e t h&" H t = t % di SO ed

everyvvhe? . .8 5,50 @ , 719, q i3 , 28

Mil €1 Pl etrteaeli &olhed gihy \Enfliaons of dhecdridiAlyAdiserained praansm !

| i near antennas arrays each”including a plurality of antenna elenents. Each

ant enna afeménterarei knowm)t @ddi determinegoat sét @faphasedshiftimgcsigdals a an

equal length transmission line to a mcrowave. The m crowave | ens consists
i

of two phnanded tecatricthenghase rafdbe rpueesignals of iha radiation ekaraeetsyt h

t. Each oyt put .port of the.ni | i ndj vi dual
Doamat Kerendsr 2.5 Ralndion Gidh PR Searmo s bRy fadkuR. Al Bt m cnch
oe . ; . > T e
oopar at uiTRe YeteRBLL SBocally BF IR KoVead IRANR: B 456 rhfiating 1 o' "

pr ocessoelghenty, St ih@repgsed thatl thetrmaint eeanhevill vivé chutle nareowaer tariche
signal according to the desired beam 30 SUMMARY OF THE PRESENT DI SCLOSED
TECHNI QUEequire muchtlesss anetdy éetdefeat Hhed RAIPORethieat i thee deteptesi de a

gloggl o?e/ }rgghq&rﬁ: ﬁigcrt@rﬁﬁﬂgﬁ]%c%rﬁtaginge eanseL}rg)e/sa'sslorc]:iaafg(Ciov(/iﬂ?rﬂ'(fee svﬁliutriguts@e
15 produced beam is spread out over the entire threat volume dispersed
everywhere.

U.S. Patent 4,472,719, to Hills, entitted "ECM Multiple-Target
Retrodirective Antenna" directs to a receive and transmit linear antennas
arrays each including a plurality of antenna elements. Each antenna

20 element is mounted in a horizontal plane and connected via an equal
length transmission line to a microwave. The microwave lens consists of
two parallel conducting surfaces spaced less than half a wavelength apart.
Each output port of the microwave lens corresponds to an individual beam
pattern in azimuth. A logic processor converts the voltages from each

25 receiver to binary voltage. The binary voltages are gated to a switching
apparatus which receives ECM signals from an external source. The logic
processor detects the signal and activates the switch to transmit the signal

according to the desired beam.
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5 provided a tactical electronic counter neasure system The system
includes a first retro-directional transceiver sub-systemand a controller.

The cont nQblef1/1280660uUpl ed with the first retro-directi opglyisanssmesver
sub-system The first retro-directional transceiver sub-systemreceives

o sy o SUMMARRBE B BRmSERT bLSCL R BREIRIGUR, s e
et rodirectonalt & s 001Ky o T Peeltide Erctintfte (' BrobioR) acpokphae
ant ennassggﬂé«?n ‘F&nél'é,[%'trlo‘ﬁ'icrﬁeﬂﬁfé?lrﬁe?FGF&Qt' vity of first retro-directional

transcei ver sub-system e controller further nmanages the m ssions of the
first 15retro-di recaceordanteangtiei ther disblosgst dechnique, thdre asctingance

w th anot her aspect of the disclosed technique, there is thus provided a
dual banprovidedcal tactiaalr elgictranicneRUNIEE aRABSUEY sBESIENThe TR SYS4REN
tactical . el ectronic counter asu systemincludes a first b

transcei m@%%%%#&%ﬂ@@@ﬁﬁl g'ﬁ ?'Vﬁ{es'é%'scyéfﬁmowgra i@%@&!ﬁred with
the firs a ceLv S e T i - i n } :
sub-systterrqlél %rﬁ@s@ aq%o%ﬁ!%t%h %8 Eﬁf)thRfegfogle? g?“?lﬁ%n?@%gwearnd a

first coguprdyeaéinon Thanfreeireto-difbetiomult trahbegivepdulpbystene reckeivdg y the
first band transceiver sub-system The controller further nmanages the
n ssi ons signaleatf ar fitst frequenanh dasid er Theirst sewardipastional dearseRivee with a

A T R e R S A T
measur e fysf WhidH 'é*%%@l\gag éighapws tieRBRER, Vi THefifdY retfo-Sfeefidnapand
ver nodule, a r

transcei ceélver, a conmunications receiver, a signal

source gemgisebRier 8ubvdyistémandcladescantploftdiigy . oflitadier ahtdravab.t r ditmcei vi ng
array includes a plurality of blade antennas and a plurality of first-band

t ranscei centrotidul eonéralh dhaplasdivityi tof afiisés getrordicctienalf frarsegivehnas.
The second ban? traniﬁei ver S cou

dule i led with a i .
The RADARIPESANGR | LhEobpNERICTIHTHE! dRABEGRS! HIF SBISSIRIS it N dRRC of  he

fi rStébaﬂ%ﬂ&m%ﬂ\éﬂra’ﬁ%ﬂﬁlﬁ.s@%qs i1bh, t he second band transceiver nodul e.
nicati

The 8°co ons recerver is coupled, during a reception period, with

each of the firsin kagdrdanas vty einothdulaspeandf whehdistioseer techriiqng,
transcei ver nodul e. The signal source generator is coupled, during a first

transni s¢hene ferthos piovideda fduad tbavthdactieals elsolniemznurder nMaasdiggnal
source generator s further coupl ed, duri a second transni ssio eriod 10
wi th the S¥8t&id- bhRg Hﬁﬂ&%’?‘ieﬂgcﬁﬁahl ?C%B'Cs\&%ﬁeﬁ smgaﬁHf%dSWq?ﬁ"the
RADAR r ecelyv i et i i hyer n b si-m%I
source gﬁ%ygé%ry S?Eset rcg%r@?o er@éﬁﬁgg@%ﬁ?hﬂﬁegs%bgﬁw@th the RADAR
recebyer controflef e c@QtPTétF Wit tien Sirstelsand ararisoéivert sutbgstdranalhedirste
generator. 15Each of the first-band transceiver nodul es receives a source
si gnal t banshittarsteiyerarsubrsystem doclutesa a ecepmwiication oaNdEEADOHR t he
first-band transcei ver nodul es further shifts theq(‘%ﬂase g.f an iﬁ_tgrmedi ate
it 2

si gnal bfligit3 ERRReeIVRr Andaa; st fAIBRIicaon fan en&OBHRYET shi f t ed
I nter medighg i W@lacivity thE AraFBaR #8neBivRP3UL &8, TiHe eBRRBAePaNd

further manages the missions of the first band transceiver sub-system.

25 In accordance with a further aspect of the disclosed technique,
there is thus provided a tactical electronic counter measure system. The
tactical electronic counter measure system includes a first-band
transceiving array, a second band transceiver module, a RADAR receiver,
a communications receiver, a signal source generator, a switch and a

30 controller. The first-band transceiving array includes a plurality of blade

antennas and a plurality of first-band transceiver modules each coupled
-4- .



20 transcei ver nodul e receives, during the reception period, a source
signal transmtted by an emtter. The second-band transcei ver nodul e

further twensiinhticdg an i nternedi ate signal via the respe¢iixmg/abenna
t hereof. The RADAR receiver determ nes a second recei ved RADAR si gnal

A kiSRRG Bokooh baL b R iU B 20
(1 rec g 0Bkl X R BRI, TS AP ek B T e

RADAR reé@w@ﬁ,derH@ear@t@biieﬁs?éﬂr&j,;\ﬁﬁﬁeéédwf tied Frstusand ashdoeigach of

the first-band transcei ver nodul es. e communi cati ons receiver 30

det er mi nemdidesndanckcavithed the muecondt | bardsi tgarscagaenmmedwecor r dbgondi ng
to a first and a second frequency band. The comrunjcations receiver further
det erfri nE@MANYRISAHEDE VECEMEALIS EOUmed e dHBNY ch FACORTIQM Pariock Wil e&Chnal s

phase f oP! DU SHAREOANRCEYEL hasa s ArEl A Blstohdf RARBIEHRERNG: Mons”
receiver er [ h S | red agj a eaC ki t he
first- baﬂfﬁ'}rlghscgrf/éérg@gll 385“&? Qéﬁbké’t%_ri_hgé sibgﬁglléas)oﬁ)?gg@geﬁe?lgﬁr
gener at egafsfriissibni pédodeditiatthesfigtadartt tandiceyeromiodellés.r sThe esighaled

signal paraneters. The signal source generator generates a second,
i nt er neds@ueses ggnarates éefdithgr coupled, stwbig & secPnddrangnissiguremdders. The

randter BB Psor e AT eRso T VLY URS o Ber SHEIER BAUPIRRLUERNE sour ce
gener at OR MSAK el de WRAOME LORANIRILRbRS Stctier, arid QP e kigaad

transcei ver nodul e during the second transm ssion period. The controller

directs sbarcenvderieratorcoufhe ddrtrdliersis lcanplad amiste ethee switchy | with aie: t he
second-band transcei ver nodule 15 with the RADAR receiver and with the
comuni cRARAR reeriverr withr they cammagpinationspeeceiver angl voi the 18gnalr t her
directs the switch to couple the signal source generator with the
first-ban@UiGe@CReAIRF nodul es during the first transnission period and

Wi th,the Second'ﬁéfiﬂe{;)f?fﬂ?ffﬁr%ﬁ%én@o%bgctg eirrz}gohr&?ess%%ﬂe r angdid on

period. The contro er contro activity and manages the

m ssi onssiginal tearkatidd byean esmittéredanngLanireceptios perisd.vefacmaftthe si gnal
source generator. BRI EF DESCRI PTI ON OF THE DRAW NGS _ The
di scl osefirstdgnd tfaaseeiversvodules Burdwer shiftsaihier ebase «f amirtermadiater om t he

R N e R S
intermediate signal via the respective antenna thereof. The second-band
20 transceiver module receives, during the reception period, a source signal
transmitted by an emitter. The second-band transceiver module further
transmitting an intermediate signal via the respective antenna thereof.
The RADAR receiver determines a second received RADAR signal
parameters corresponding to a first and a second frequency band. The
25 RADAR receiver further determines a respective relative phase, for. each
of the received signals, relative to a reference phase, thereby determining
the respective relative phase of the first-band transceiver module. The
RADAR receiver further provides the respective relative phase to each of
the first-band transceiver modules.  The communications receiver
30 determines second received communications signal parameters

corresponding to a first and a second frequency band. The
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ECM system constructed and operative in accordance with an enbodi nent of

t he di scl osed techni que; Figure 2 is a schematic illustration of
a first rwonordizsmoti onal transceiver sub-system const pgeiezhigom2eper ati ve
in accordance with 10 anot her enbodi nent of the disclosed technique;

{1 anscer GPEuieafEnSEor Rt R iRk BoitiniBes A Ropb B B LAFR A8 for,
L éé@?gg@% %céﬁfeod'rsﬁgﬁgi%eqe@ﬁ@mtﬂu ' reference phase kih 4A s a

r epr esent a signal reteived one o 5 antennas in the

antenna déeferprining the respedtivee réfative aphase forveashd of ettea dirsivbimdr espect
to the signal in Figure 4A; "Figure 4Cis a representation of a
di scr et etrangeeiventinedulesc] Jdes conpuusiationserecaivery fytkeoprevidesthénnas in

R L N

retro-direction r i - :ed: td; i n

ccor dance wi th- SO ¢ ge AR GRes SHiSE B rmentie siuRal

Fi gure Satcording emalé Cfifsh | neieihiid aigedl pasarmidrd.r ampel signzd ourpeb- system
constructed and operative in accordance with a further enbodi nent of the

di scl osegenergtnr geagrates a secondiigiermeasliate signahaseoiding tp dbesgcopd of a

| ow frequencgy tactical ECM syst canstructed an operative  in,accordance
with anotefEivesSENThRAaGetele. decHgoakseUamygRerator brovides the fiste 7 i s a

schey t;ﬁté@%@%@ﬂ%ﬁ@bl% the! tPAhd AR Red BfinGAth et RARIRITL SRS Cd

wi t hi a contarner, 1n accordance w er enbodi ment of

the di schefgd. t qHaNisigifil Sddkce generator priodities 8hé ssecarhem@imediate
illustration of a |ow frequencies tactical 5 ECM system housed within an

aer ody nasignat ote ather sescoaddzanthntransicelvesinanaduleendodngethe ofsechoad
discl Osega}mg%qsns'igrl{eberiod. The controller directs the switch to couple the
first-band transceiver modules and the second-band transceiver module

15 with the RADAR receiver and with the communications receiver during a
reception period. The controller further directs the switch to couple the

signal source generator with the first-band transceiver modules during the

first transmission period and with the second-band transceiver module

during the second transmission period. The controller further controls the

20 activity and manages the missions of the RADAR receiver, the

communications receiver and the signal source generator.



DETAI LED DESCRI PTI ON OF THE EMBODI MENTS The di scl osed technique
overcones the disadvantages of the prior art by providing a | ow frequencies

tactical JweNoeyss®m Whi ch includes a first retro-directippfal2dii/ginsee ver
sub-system and a second 5 transcei ver sub-system The |ow frequencies dual

tactical ECM system gperates, in rtic e e e VHF band and the C
(i.e., according to B%dﬂééé&%lﬁ%éﬁ%ﬁﬁé%%% The first
transcei ver sub-system operat.es, | fi.nsg . f b vl i cul ar
between t he UHF BAROMASRE tacppBfe bl “banRosRIcH 00, phRuRds

sub- syt ABrESUN ARSI the fII6R]% Yeabildd WRseriblien JakeA'in W GhaticHaitrRs 8
comruni cat1 ons device or a , using a phased antenna array where the

rel afti vethpdrdwios infwhich: ant ennas is unknown. The source signal is

recei ved by each_antenna in the antenna array and recorded. Thereafter the
sub- syst em r e- t r Biggiiet b i3 Weschematiedilystiatien ufgadow gquerciesntaciintknna

th i yved the 15 sigpal h that the re-t itted signal i
Cr anem t EEVGYSiagy dstaitedl 1 9d onmeieive | o, AGcesRERCom i oAt ne

sour ces éhﬂ%admy@ﬁrggqtﬁgiqfﬁgoaggq?émighter etro-directional transceiver

sub-syst em accordi I sclose échnique may alter the relative

phase of the re-Figupenpt {sec sichemat(d -ikustratisn rofl at finst irsdireetivsrah each
pair of antennas in the 20 antenna array) fromthe negative of the relative
phase of transceivesi swl-systare canpieicted andr opatativeddn t aceendagteewith t o t he

re-transmtfed si gngl fgrﬁ da.— fcfcus' . ul ti-beam. The second

t r and®ri t BNAPLRNEPSHB Bgfemﬁ S 4% equency band, in particul ar
bet ween t he VHF aRd: i d t EaRsSiid z t

i ncl udes a digi tgw?“ggt ?a'nss?tsggrgnp%nwt"%%&%s e%}agcgﬁi 'tr%&%_gntgﬁgaﬂlagglsogg]d

t echni quganBABKRr | LTk Psted coABTFUBIcR tindNoparatived irf e cordtcatviith iant o one
system Furthernore, the Effective Radiated Power (ERP) of the RADAR is
| oner at furthver ersdpodiroeat of thedisabosed terhnigdej red ERP of the systemis al so

i1 vt ts) - Furt REBrAA 1 et eSaasiion shéa.mpnebrerevety Brestbieant i ai 1y
lOWer,  antennas in the antenna array;

Figure 4B is a time reversed version with respect to the signal in
Figure 4A,

Figure 4C is a representation of a discrete signal which includes
impulses received by one of the antennas in the antenna array;

20 Figure 4D is a time reversed with respect to in Figure 4C;

Figure 4E is a schematic illustration of a first retro-directional
transceiver sub-system constructed and operative in accordance with
another embodiment of the disclosed technique,

Figure 5 is a schematic illustration of a second transmitting

25 sub-system constructed and operative in accordance with a further
embodiment of the disclosed technique;

Figure 6 is a schematic illustration of a low frequency tactical
ECM system constructed an operative in accordance with another

embodiment of the disclosed technique;



heat di ssipation which needs to be evacuated (i.e., the system needs
substantially less cooling) relative to other systens transmtting in high

frequenciwg 20f/@s060! N the X and Ku bands. Furthernore, ph¢pii@nesmréter in
the second transceiver sub-systemis a frequency selective transmtter 5

transmtting only in the frequencies of t?e r?celved si gnal tBer
Ledpci Ing t he pomé'lg%gﬂstﬁr@t ﬁ%ﬂe paticHustyatien, of R dowi fed ?@C'eﬁﬁéc ¢38t em may
occupyi npCaapistrmyadirad it &l SRR Gt i AekBureE S 1 gn

frequency fQ?cHgF nﬁ%’d ﬁtflﬁrthé‘?ﬂé'élb'séa teBhhid@ied @y consunption of the
uce

system The vol ume of the systemac¢ording to the disclosed

t echni que si npl i Figese ®is iangchdmatigsillestratiohiof anowefreqyeacies tactical ner
(e.g., pod, bonb shell). This makes the systemparticular useful for self
pr ot et | Eﬁll\drﬁysé@@ohpqsgmﬁvnglre@@|aafadvaamlc REONERIBEE N PSCAANRRIWINL Fi gur e
1, which_is,a sch tic ati |ow frequencies tactical ECM
system BEHMIQWBSEFE?QFEBE %@'Scwﬁ?&é%%nd operative in accordance
wi th an enbodi nent of the disclosed technique. System 100 includes a
controller 102, a first retrodirectional transceiver sub-system 104 and a
second transcei ver sub-system 106. First retro-directional transceiver
sub-system 104 20 operates between the UHF band and the C frequency band.
First retro-directional transceiver sub-system 104 further includes an
antenna array, which includes a plurality of antennas 1081, 1082 and 1083.
Ant ennas 1081, 1082 and 1083 are enbodi ed as 'bl ade antennas' (i.e.,
antennas that are located within a body exhibiting a blade |ike shape). 25
Second transcei ver sub-system 106 includes antenna 110. Antenna 110 may

al so be enbodi ed as a bl ade antenna. Both first retro-directional
transcei ver sub-system 104 and second transcei ver sub-system 106 are
coupled with controller 102. First retro-directional transceiver sub-system
104 receives 30 signals at the first frequency band and re-transnmts a
signal at |east substantially toward the direction fromwhich the sources
signal was -10- received. First retro-directional transceiver sub-system
104 is further explained below in conjunction with Figures 2, 3 and 4E.
Second transcei ver sub-system 106 includes a conmunication and RADAR
digital transceiver and a second comuni cation transceiver. Second
transceiver- 5 sub-system 106 is further explained in conjunction with
Figure 5. Controller 102 controls the activity of both the first
retro-directional transceiver sub-system 104 and second transceiver
sub-system 106. This includes resources (e.g., power) nmnanagenent and time
sharing (e.g., when harnonic signals fromone band interfere with the
received signal in



|l o the other band). Controller 102 further manages the different m ssions
of first retro-directional transceiver sub-system 104 and second

transcei Wop 2014Pnsaet em 106. These mi ssions include, for pexanii€eoo2ss tter
acquisition (i.e., recognizing the transm ssion of an emtter and

det I Ni h h I St h f ] | i.e.,

updat g the. 15 BTl ED BESCRIPTION OF fH s EMBSIUMENTE o ot ca”i ha
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Cub- syst BnE o3 BTG I e e e B e P Cona

transcei wegluded-a Firss yetrondit&tiondletrbasesiven! subwvsystern mamd catsestnd Thus,
system 100 interferes with both RADAR and conmmuni cations Ei . e., RADAR

j ami g &ainsceiainsWaisystem anmthegloay drequengies «tual nastieale E§Mt sygtemns
ment i oned above, .the first retro-dir | | ,t ' b- t

recei ves OPPHR%Ss 'rhpaét'q‘l'll?[sxtbqﬁW@&@eW@s\?Hgﬁﬁgaq@rq%gﬁfesg\éé'rﬁi' tséjccos Sﬂ"gi%nal at
| east su i .t ' | f b | I
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I ncl udes opergledtinve firdidrsyEicyr bana! iorpaiticalar betwveadrethecUMH banghase
between the signal received at one of the antennas and the signals received
at each tme Gffregeenchdanaht direadirstHeansseiver supksisder redeansmitaitar
determ nes a respectjve phase-shift associated with (gqjch oge of the

phasd? shisigna! stoyyardethg s MGt SUCReaP & SOMMHRIGRHANS dgVICe O a

RADAR, using a phased antenna array where the relative positions of the
antennas is unknown. The source signal is received by each antenna in
the antenna array and recorded. Thereafter the sub-system re-transmits
the received source signal, by the same antenna array that received the
15 signal, such that the re-transmitted signal is transmitter at least
substantially toward the direction from which the sources signal was
received. The first retro-directional transceiver sub-system according to
the disclosed technique may alter the relative phase of the re-transmitted
signal (i.e., the relative phase between each pair of antennas in the
20 antenna array) from the negative of the relative phase of the received
source signal to introduce additional effects to the re-transmitted signal
(e.g., de-focusing, multi-beam). The second transmitting sub-system
operates in a second frequency band, in particular between the VHF band
and the UHF band. The second transmitting sub-system includes a digital
25 transmitter.

In the system according to the disclosed technique, RADAR
jamming and communication jamming are integrated into one system.
Furthermore, the Effective Radiated Power (ERP) of the RADAR is lower
at low frequencies. Therefore, the required ERP of the system is also

30 lower resulting in reduced power consumption (e.g., up to three kilowatts).

Furthermore, reduced power consumption results in substantially lower
-0-



rel ati ve phases between the received signals (e.g., the negative of the
detected rel ative phases). The rel ative phase determ nator provides these

det er m negoneliahkig phases to the respective phase- shif pefgL20l ot he
sub-systemonly stores the signal received at the one antenna. Reference 5

[ de tq Fi 2, .which | hematic illustrati f first
(et r odi r BB HeHPBNARsBITTbMaRRs. 49 SBerFvariredl (1e.r dher BYRIEM Tirpds
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1. 10 Sub-system 1207i ncludes a plurality of antennas 1221, 1222, ...,

122N, a thersscosoltemsgenarasob-siademais @ ftdiquenayaseledéiver tranamitter1 28 and
a plurality of transcejver podul es 1231, 1232, ..., 123N (abbrevi ated TxRx
in Fi gur Fappmittinchonbyainsthe freauppaiaseof the (reaived sigpaldurther reducing |

2313 T S R AR of LSRN, T2 e AP g 1
el oS RRANR g 2AR, sqleesens e Aok R eBR TPl EpeiciF BBy pageel o

Each onespfalighassusts {ier selldiVe tol3§8tems, o@Nngain tee digh frequersey shifter
or atrue tine delay phase shifter. At |east one of the transceiver nodul es
i s 20 debrnda) apddurtbesreddetion imthe poweraensuanption pf g systenr dMecei ver

dul 231 i s, defined h f [ I ' dth
genrl | joai YRILBRE 61 the °sFSeft “FefubiRL o6 M BRIkt Jbb R ° '
el | U .
phase ahiTefes PRSI i 3 R B e Y 8 8905 "2

opti onal bohtb ishelljr tTieis meaked theatysiepnaartioular eusfokfat self Iitdtedtimget her
with the phase-shifter and the anplifier respective of each transceiver

nmodul e f @anchaseort jmenng eeplieationst transcei ver nodul e. Each one of
ant ennas 1221, 1 .., 122N is coupl ed-.with respective 0 of,.

receivers 1241, %%i%r,en_c_e_ IS 139 %mpt_t%%dgpﬁp@cf"ﬁv&‘ ofrve %écggné?’?bq ifiers
1321, 133 stration SBANOFAFR RfePcRs |d§I'E”’(FM éggt_%ﬂ,légﬁ rally: retéfbnce further

coupled w respective one of phase-shifter - 1%01, 1302, ..., 130N.

Si gnal sqQ@0¢ceohdfructed anpl epemdtivie ineaecoreianta4withrah \winiibodiavdntoofeths
phase-shifters 1302, 1302,..., 130N. Rel ative phase determ nator 128 is
coupl ed wisdtosed teohrique. r Systarsr $0Q dagludessa cortrllesntO2y a irshédtrone of
phase- shi ftegs 1?011{, 1302, ..., 130I§\{. 10 E@Ch one ofdr ceivers 1241,
1242, .. dIregHaRal s FBNFESVET s SHPeRYeRghal! 04 r AREni? « 8§CB)%a LR Vot
shown), V{@. S tive:ant L ; } 141, iV he
sour ce s.gldﬁa%%?'fan e'nnapirgg1@@9@@%?%}24‘5&?&%?%sg?%esryggéa’pcgﬁ)sf gnal

vi a apt eppardied? batweenc the eUHR Abam@candethd he $eguencyi paald. vi Rirsht enna
122N. Each one of receivers 10 1241, 1242, ..., 124N perforns down
conver si oetrofdiractionad teanasieivey aub-systemi (84 fustharviechidesan apignna | |

124N provide the.receiyed signal thereqgf to rel atj p e deter,mnat or
128. Rec& @ T’;‘Aclh p'r”&ljfcgee% "gh@hﬁr@@% \Pgdag'_f Sttgg‘eba_ﬁgé ngnélra%l’ource
generat Om\n}%@n%g% 08, " FHEL LY ROBS CardebRiPdiRH As LRRideS M8hnaU(i%E,
gener at of et ef ni' nes  an

antennas that are located within a body exhibiting a blade like shape).

25  Second transceiver sub-system 106 includes antenna 110. Antenna 110
may also be embodied as a blade antenna. Both first retro-directional
transceiver sub-system 104 and second transceiver sub-system 106 are
coupled with controller 102.

First retro-directional transceiver sub-system 104 receives

30 signals at the first frequency band and re-transmits a signal at least

substantially toward the direction from which the sources signal was
-10-



15 internedi ate signal according to the received signal. Signal source
generator 126 determnes this internediate signal by determning first

recei ved woaoal126mpanet ers, and generates the internedi atgrBrdnaloeccor di ng
to these first received signal parameters (i.e., signal source generator

synt hesi zes the internedi ate signal). These first recei si gnal,, 20
pgr ametef%C%Vﬁa fg%'r%xé%Péﬁrqq&n@J Qﬁ%ﬁ%@)yeﬁﬁy ﬁ&%t@nélxﬁgf'h%gg%h?f ude of

the recei SLgn hese, {4 Sk jsee: signal, par t e her be

the pul s&*pruTednBeloy | e Gt R Rt FigRc e R3GaRE 75 catesdlid ey

| inear apénReBdrRH-sySRansyinERHEah IMNRIHES! 6P SHdERIAIIARSYIgaRs Phase
Shift Keying and Anplitude Modul ation). Signal source 25 generator 126

det er m néranskeividrrand aesetoret congnahicatioanearsceinerc oSaicogdt trassegiuer

processi ng techni ques. For exanple, the frequency nmay be_determ ned
accor 8i n§UPoSHsteMFolf efs TiUsHEToraXRbRiINERe iRe ORI nWith ﬁi@ufq efuency of

of “changGaanraled" Aot esfidie 0B evinrr Bt (WS G RGOk Pbil, e

by deter Wdﬁs@@i\iefﬂ%uﬂ-ﬂétem B424¥0d SBeoRAGrdndBRivr $is- g_ﬁiéﬁ-m‘@.t Thiwati vely,

si gnal source generat 126 stores the received -13- ignal . Signal source
gener at oindldfesetezouroes @1gj, npeweedimbragegrealt andotidienghaving desyl,
received signal (i.e., either the stored signal js output fromthe signal
sour ce g¥d@mharmanicesignalsfronmens baad iRiaifere withdhatreceivesr 9igaakbin t he

Sour b oLiEdthErBahH) (X oS P2 G Mg i Hife Bt BRI pE S e
signal pgr& t%-l%lir%t:gbh§| Fr%ﬁ%béﬁ/érsé&?'-%gsl%’?ﬁ A ARt ?écéﬁgrﬁﬁ@%‘éﬁéi ate

signal accordingly. Signal source generator 126 may furt ulate this

inter rredisab%fstgmahoee.ﬂnesé neigsionsyinchudld, for eramplesemitteiubatjuizition

anpl i tude nodul ation, pulse width 10 nodul ati on&del ay or filter the

i nt er nedilic@.e opERIzingi el travsimissiganef arremt rmncémiermuumgt the he
signal acgordin E.o igpformation . to bhe transnmjtted to.the signal sgurce
(e.g., a© 5%94883 I6S aﬂ?ﬁfﬁlol e i EQ"ﬁﬁr amainenanee, ebifor KPAEG phase
det er, nﬁhgfaé'tgﬁgﬁ@é & lh hEaggggaémm’e N3 ¢s n%?érde %ﬁa@éﬂﬁ@r‘ Bnelst pef the

Sl gnal recelve y recelver respecCtive o erence transcel ver nodul e

1231 andfirdteretrardirectional wedhsbgivercdussgsieim rtdciarel setdnd, trandceier
respective of transceiver nodules 1232 123N. Alternatively, relative
phase desubrsysient 108sinterers withboteIRADAR sings soprnuaisationedevigas! s

na’r ecolot Stmpre. AR bHB kel SEaBSEaNET s elitent YA TERERs " 124

o : | ! . _ _ . '
gnggglrjﬁeng\ﬁﬁ{sq%q‘mfﬁe reﬁatl ver pEasgﬂLCe%vEﬁ]gg%{mg ;ggggl_n\(yelrt@%?ie.@g&?n%\lugqual S
t he nunbeystdmr ¢06i wrtesferedfRedmlyi withp lvasemdelicationsat oThuadd systéirer100

determ nes a respective 25 phase-shift associated with each one of
phase- shiftegiesea 3uith brdb2RADARBoand communications (i.e., RADAR jamming
and communication jamming are integrated into one system).
As mentioned above, the first retro-directional transceiver
sub-system receives signals at a first frequency band and re-transmits a
25 signal at least substantially toward the direction from which the source
signal was received. Accordingly, the first retro-directional transceiver
module includes a relative phase determinator determines the relative
phase between the signal received at one of the antennas and the signals
received at each one of the other antennas. The relative phase
30 determinator determines a respective p'hase-shift associated with each

one of the phase-shifters at least according to the respective detected
11-



at | east according to detected rel ative phases between the signals received
by the receivers. Relative phase determ nator 128 determ nes these

respecti WRoRbasess&hi fts such that the re-transmtted si @aghrwilboobe
transmtted at | east, substantlally towards the direction fromwhich the 30

sour.ce si%nal was received §] accordin o the Bﬁgatlve of the detected

rel at i velAHY¥@sPRASES ert\é’@@ VHHe JEEANES) S| Sat Bv@, phaskedrive Rinfieor 128

one o pHELERETRIAIFE R8s ), sEab TERRRE YA R RSl R Bt | ona

transm sgetdinfihb8Cidafife qahaééé té -theafassiectivec BhhBE)sHifleRRe I THUSIRed to

the re-transmtted signal. Relative phase determ nator 128 provides each 5

determ nedbfﬂ}@md)mrwstbres tre siggatcecoivedrat the rimaaterind.t Refeldty
1302, ..., 130N. Thereafter, signal source (tgener ator 126 provides

tl 281' ml etsrBemamads i diigaea & whieh is r?bﬁéb?fﬂailce&'élﬁ atienodf arfiskraties ¢ er s
h f 130 3
shiis ¢ AEestionabtansee Rl Sl Erstenh e eIkt prioR 128 ctnplbcistise
t f
Th0p. -8R BREFatld fh dRorddRes Wil [driineF i ibBRnSht 5’? Ahe Slcld¥e 1300

i nt rOduceedﬂﬂqerrﬁfsta’fét@dEreéﬂo@al trdnso&emes sab;sysiét 1R6ayrresprmidone of
phase-shifters 1301, 1302, ..., 130N provides the relﬁﬁctlve phase shifted

15 si gnaIOtcﬁlrslhereté@—plgcptloaabntfansc@wefh@rt&bsystﬁnasé i it eFIQW®L rovi des
t he respec has hi f t d Si 0 Lfier ase er 1302
provi'fles % ég@g\%ﬂ %%as Lfrt”'gf}' Qfg?ﬁoﬁ?n?%sa T f1§1’132§%@
QRSFFf?QFd@BN#%%?ﬁpQEé% ¢ ECPEBHLY RS ST ROR BB ¢ he
respect i peuralignef tr&ﬂsbbﬁﬂe@crﬁodméspﬂ@m dE334, he , regpeEbbreviated iTJRdirsi gnal ,

to the respective antenna associ at ed ther ewi t h. Amplifier 1321 ﬁrow des the

respect i fégunepd). f Faghdraysgeivey me@%miude&@msmwefreéelmzn gBevi des
nal to the anten 1222 and a r, 132N

b ovi des Shifle"s aBfbetmnifer,mol frsseueRPOuE 128 TcuRs BBvehdna
ant enpas }h22L. shifter 130, and amplifier 132,. Transceiver module 123, includes
receiver 124,, phase-shifter 130, and amplifier 132,. Transceiver module
123y includes receiver 124y, phase-shifter 130y and amplifier 132y. Each
one of phase-shifters 1304, 130,,..., 130y may be a true phase shifter or a
true time delay phase shifter. At least one of the transceiver modules is
20 defined as a reference transceiver module. In Figure 1, transceiver
module 123, is defined as the reference transceiver module. It is noted
the generally, the phase-shifter of the reference transceiver module is
optional (i.e., the reference transceiver module does not have to have a
phase shifter). Thus, in transceiver module 1234, phase-shifter 130, is
25 optional. It is further noted that Signal source generator 128, together with
the phase-shifter and the amplifier respective of each transceiver module
form the transmitter of that transceiver module.
Each one of antennas 1224, 122,, ..., 122y is coupled with a
respective one of receivers 1244, 124,, ..., 124y and with a respective one
30 of amplifiers 1324, 132, ..., 132y. Each one of amplifiers 132,

132,,...,132y is further coupled with a respective one of phase-shifters
-12-



25 1222,..., 122N transmts the respective signal thereof. Since the signal
transmtted by each of antennas 1221, 1222,..., 122N i ncl udes a respective

phase- shiywb 20i1/850601 Nt roduced by phase-shifters 1301, 13072011362
respectively), the re-transmtted signal is transmtted at |east

substantial ly war d e di.rection fr whi ch the squrces si | wa '

recei vedjg%’u%{,” B0t ﬁégm-e?édgpﬁtsﬁ%qec ﬁ)gﬁ 'E&M‘ﬁgé@g}} r%%?')’e'bﬁagmaé@as need
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out put signal of signal source generator 126 and phase-shifters 1301, 1302,
., 130M24§ amddiwithtedchsogealf phamedshifteiry i1, 130anal bg0¢onverter (not

éhown in Figure 2) Rrecedes each of anplifiers 1321, 1322, ..., 132N
However, the di gFBgh eke Hfalespiveisvdeter 14ty predéfs ELEHVES ApRAYECEShi fters

i gnal *asiam) Proshtifd ol i Souhs dBet siaeh VMR AEe 9ER R ana

si gnal Sﬂ?iér%%f.ge_ cHiger 11%@;1ar@béioeé)%@e%u?&@r@{;népweamﬁ%at@z,126 and
each of phase-shitter 1301, 1302, ..., 130N should at |east be known, and

t hus conpeceiated 24orrdueives dhe \aoyrbessigdat erariaréonal?®?, Anderecgiverl y, the

change in _the phase of the signal during the gropggation t her eof, bet ween
r ef er encd2dedecebiesitheisangessignal vidbanienidelat odraghonghal RE&Eers si gnal

source g ra 126 nd each o hase-shifter, 1301, 1 30N
Shoulll Da2Bunien a1 122N R%ﬁgﬁﬂé.é%@%cﬁpg\"%s'f’b’Q't?ﬁggrﬁﬁgﬁ%&%ﬁe of the
di scl ose e j fis8L reypa- di | i h N8I tem
el udes T AR B g B e o Pal 1y
coupl es tdlativel phase dstephirsatodet28.m Raeiceives 1B4a gravides the ceceares

according to a switching.
signal thereby to “signal source generator 126 and to relative phase
determinator 128. Signal source generator 126 determines an
15 intermediate signal according to the receiVed signal. Signal source
generator 126 determines this intermediate signal by determining first
received signal parameters, and generates the intermediate signal
according to these first received signal parameters (i.e., signal source
generator synthesizes the intermediate signal). These first received signal
20 parameters are, for example, the frequency, the phase and the amplitude
of the received signal. These first received signal parameters may further
be the pulse rise and fall time and the intra-pulse modUIation scheme
(e.g., linear and non-linear frequency modulation, phase modulations such
as Phase Shift Keying and Amplitude Modulation). Signal source
25 generator 126 determines thé first received signal parameters according to
signal processing techniques. For example, the frequency may be
determined according to the Fourier Transform of the received signal. The
frequency of the received signal may alternatively be determined
according to the rate of change of the phase of the signal. The pulse
30 width may be determined by determining the start time and the end time of

the pulse. Alternatively, signal source generator 126 stores the received
13-



schene.

signal at the r

_ This switching schene includes, for exanple, coupling the reference
receiver with the rel ative phase determ nator and sequentially coupling

each one Wb whensicher receivers with the rel ative phasepdeiioiy/fpbey . The
rel ati ve phase determ nator detects the relative phase 25 between the

ference receiver and e, signals received at
t he ot hefld&Hej %éﬂ'%;l §P\rcec08NEIRIOpN dd:"Z? m%?Gr'r{ié'{r@?a‘%ﬁs&Qna
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one of the phase-Shifters and the relati've phasé determ nator provides

t hese depeodiuces theasstered sigaal eapewrdinglyphaskecortiing &hiyateanotiRef er ence
s now made to Figure 3, which is a schepatic illustration of a, first

retrosdi
construc
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generates the intermediate signal accordingly. Signal source generator
126 may further modulate this intermediate signal (e.g., frequency
modulation, phase modulation, amplitude modulation, pulse width
modulation) delay or filter the intermediate signal. Signal source generator
126 may also modulate the signal according to information to be
transmitted to the signal source (e.g., a message to a mobile device in a
cellular network).

Relative phase determinator 128 detects the relative phase, for
example, between the signal received by receiver 124, respective of
reference transceiver module 123, and the signal received by each one of
receivers 124,, ..., 124y respective of transceiver modules 123,, ..., 123\.
Alternatively, relative phase determinator 128 detects the relative phase
between the signals received by each adjacent pair of receivers (e.g.,
between receiver 124, and receiver 124,, between receiver 124, and
receiver 124, etc.). In general, relative phase determinator 128 performs
N-1 independent measuremen.ts of the relative phase between the
receivers (i.e., N equals the number of receivers).

Relative phase determinator 128 further determines a respective
phase-shift associated with each one of phase-shifters 1304, 1305,..., 130y
at least according to detected relative phases between the signals
received by the receivers. Relative phase determinator 128 determines
these respective phase shifts such that the re-transmitted signal will be
transmitted at least, substantially towards the direction from which the
source signal was received (e.g., according to the negative of the detected

relative phases of the received signals). Relative phase determinator 128
-14-
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5 antennas 1521, 1522, ..., 152N, a signal source generator 156, a relative
phase determ nator 158, a switch 160 and a plurality of transceiver nodul es
1531, 15380 2011/1250663N (abbreviated TxRx in Figure 3). EachiLiansmedver
nodul e includes a respective receiver, phase-shifter and anplifier.

l:@????iﬁ%%&aﬁ‘i SrasRrEm e et sl abraogiGL i Ehadt ohg™: N
-shift 6212; li fihgr 16 T i -

Poce ver LS ashsitRie, Dy, 1305 o DOy PG To AR miliitighatdes
phase- - Sﬁéhéﬁ%iéﬁ&ﬂﬁeclﬁzéﬂ; multl-Heinrege Jocasinglito peastrosltickten the a true

ti me del ay phase shifter. | east one of the transceiver nodules is
defi ned estrabsmittetiesignad t Relative ehasmdlaterminater gid& movidesnsashver

nmodul e 1521 is defiped as.irhe reference transceiver nodul .. As tioned
aboveé ta%tleﬁﬂ"ﬁgﬁ sR PF@TS%#I F%et%,eeff%ﬁ@ﬁgéwf r%%c@f\@?aﬁﬁiﬁﬁ\f@r%qggﬂ’i onal
(i.e., t?g refe{§@ce transcei ver nodul e does not have to have a phase
shifter). q“'ﬁus PVt ranscei ver nodul'e 1521, phase-shifter 1641 is optional .

It is 20 noted tRércaftal sigHace sarimes at gendfdtor t oS heprovidéds t e
phase-shifter and the anplifrer of each transceiver nodule formthe

t r ansmi t inderrédigtasignalrdatermimechtivareby to each ongaf phase-shifters é30as 1521,
1522, ..., 152N js.c led wit respegtiv ne receivers, 1541, 1542,
..., 154A88nd - wi @mo'g%%fb@m QEPB%G?@“@?V%%&,H@% -1-641f’,ON1%|21'%',5 t.‘lie_ , 164N
Each_ one : . ) ' 1 . i 1k

respibr DA SRRl STanal ity G bSpe Ve BhaRE Qiff bgtdciated,

gener at OWith%a&?wéﬁKﬁew t IEd#r Bheest phdde dntftaacizonel 30,, phasgghi fters
1621, 1622,- , 162N. Rel ative phase determ nator 158 is coupled with switch
160. Swi iy faethies shift Hbe Ehaseedf3the itiernetiadee sighal etei indiosluce4 1,

1542, ..., 154N and with each one of phase-shifters 162 622, ..., 162N.
Each one@@fitiogabi \ﬁgfe@tS_SAQ;g-iS&i?,‘fO_CU,SP“HS4N“ EBPRBY- a s QngnaHf

Lo AR 10 L RPERYEs e TRRRebGe Slasg Sl 152
STan S Re R gOR ST er cPaseNTRee 1303 otk e
per f or nsrekpectiven\piasieorshiftéd t signay toarghplifierariB2,hePhake-shieri 130
provides the respective phase shifted signal to amplifier 132, and phase-
shifter 130y provides the respective phase shifted signal to amplifier 132y.
Each one of amplifiers 1324, 132,, ...,132y amplifies the respective signal

20 thereof and provides the respective amplified signal, to the respective
antenna associated therewith. Amplifier 132, provides the respective
amplified signal to the antenna 122, amplifier 132, provides the respective
amplified signal to the antenna 122, and amplifier 132y provides the
respective amplified signal to the antenna 122y. Each of antennas 122;,

25 122,,..., 122y transmits the respective signal thereof. Since the signal
transmitted by each of antennas 122,, 122,,..., 122y includes a respective
phase-shift (i.e., introduced by phase-shifters 1304, 130, ..., 130y
respectively), the re-transmitted signal is transmitted at least substantially
toward the direction from which the sources signal was recéived. Thus,

30 the relative position between each pair of antennas need not be known to

determine the direction of the re-transmitted signal. The re-transmitted
-15-



1541 provides the received signal thereby to signal source generator 156
and to relative phase determ nator 158. Signal source generator 156

det er m nasoani/ms@onedi at e si gnal according to the receipcedLmigombe2 Si gha
10 source generator 156 determnes this internmedi ate signal by determ ning

accor df ngore (MeYeoe: vaRSAINET B, BRfictTifolhy 184 TP Fainditr e

gener at of, b%\é:)t hesi zes the internediate signal). These first received signal
paraneters a for exanple, the frequency, the phase and the anplitude 15

of the received kiignabted’ lleste i igerterat cther editpuigsidnalaohisigreal ssomyef ur t her
be the pulse rise and fall tine and the intra-pulse nmodulation scheme

(e.g., |peeeratand2foandi peasefshifterent$0notdPat.i.onl3Gnds @ aigital figoeals such
Aboves < BRAIA SRt e uimtioa CoPveHs" depbshpRbuRiaure 2 PToBtete SREEi gnal
paranet eng, AGEPL 4i33 43251 gnak 3pr oL ! ffE BidItdi %o analog converter
may precede each of phase-shifters 130,, ..., 130y. Itis further noted that
the change in the} phase of the signal during the propagation thereof
between reference receiver 124, and signal source generator 126 and
10 between signal source generator 126 and each of phase-shifter 1304,
1305, ..., 130y should at least be known, and thus compensated for by
relative phase determinator 128. Alternatively, the change in the phase of
the signal during the propagation thereof between reference receiver 124,
and signal source generator 126 and between signal source generator 126
15 and each of phase-shifter 1304, 1305, ..., 130y should be substantially the
same.

According to a further embodiment of the disclosed technique,
the first retro-directional transceiver sub-system includes relative phase
determinator and a switch. The switch sequentially couples the relative

20 phase determinator with a pair of receivers according to a switching
scheme. This switching scheme includes, for example, coupling the
reference receiver with the relative phase determinator and sequentially
coupling each one of the other receivers with the relative phase
determinator. The relative phase determinator detects the relative phase

25 between the signal at the reference receiver and the signals received at
each one of the other receivers. The relative phase determinator
determines a respective phase-shift associated with each one of the
phase-shifters at least according to the respective detected relative
phases. Thereafter, the switch sequentially couples the relative phase

30 determinator with each one of the phase-shifters and the relative phase

determinator provides these determined phases to the respective phase-
-16-



Al t er nat
Signal s
stored r
signal s
produces
al t er nat

I vely, signal source generator 156 stores the received signa
ource generator 156 determ nes an internedi ate signal accord

aveivadisi@nal (i.e., either the stored signal ipgTALiRYH0RSL
ource generator directly or the signal source generator re-

shifers] ReerSnti cis Gty e 186 FRIGRLS. TS pCaChefiaic

det er i ngs fist 'fggalﬁrsqarrgfgquyﬁre;tfafn hﬁah@&&b&ﬁds%%ggie{ggagggf‘?[}?

i nternmedi ate signal accordi

gnal sourcé gener at

| .
ing to
m t he
25

and
tes the
t her

modul at ergfarenééd ersmdtGhstrettedabneogerativeeiilereyrdmste alitoa fadhehase

nodul at i

on, anplitude nodul ation, pulse w dth nodul ation) delay or f

t he i nt eendubditreerdiafrtbe . distigaeat technigeiegchystenod S056chmiesan piuraliy of
nodul at e the signal di ngégg info,rmafion to be transmtted ﬁo.th
o

signab s

10

15

20

25

30

aotengse 192, :31 gg%ssa’g a $8ba
phase determinator 158, a switch 160 and a plurality of transceiver
modules 1534, 153,, ..., 153y (abbreviated TxRx in Figure 3). Each
transceiver module includes a respective receiver, phase-shifter and
amplifier. Transceiver module 153, includes receiver 154, phase-shifter
162, and amplifier 164,. Transceiver module 153, includes receiver 154,,
phase-shifter 162, and amplifier 164,. Transceiver module 153y includes
receiver 154y, phase-shifter 162y and amplifier 164y. Each one of phase-
-shifters 162, 162,,..., 162y may be a true phase shifter or a true time
delay phase shifter. At least one of the transceiver modules is defined as
a reference transceiver module. In Figure 3, transceiver module 152, is
defined as the reference transceiver module. As mentioned above, the
phase-shifter of the reference transceiver module is optional (i.e., the
reference transceiver module does not have to have a phase shifter).
Thus, in transceiver module 1524, phase-shifter 164, is optional. It is
noted that Signal source generator 156, together with the phase-shifter
and the amplifier of each transceiver module form the transmitter of that
transceiver module.

Each one of antennas 1524, 152,, ..., 152y is coupled with a
respective one of receivers 154,, 154,, ..., 154y and with a respective one
of amplifiers 164,, 164,, ..., 164y. Each one of antennas 1524,
152,,...,152y is further coupled with a respective one of phase-shifters
1624, 162,,..., 162y. Signal source generator 156 is coupled with receiver
154, and each one of phase-shifters 1624, 162,,..., 162y. Relative phase
determinator 158 is coupled with switch 160. Switch 160 is further coupled
with each one of receivers 1544, 154,, ..., 154y and with each one of

phase-shifters 1624, 162,,..., 162y.
-17-
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Sw tch 160 couples receivers 1541, 1542, ..., 154N with relative phase
determ nator 158 according to a determ ned switching schene. 5 This

swi t chi ngyeehfamesicocl udes, for exanpl e, coupling referepegriasehies, 1541
with relative phase determ nator 160 and sequentially coupling receivers

1542, ..., 154N with relatjve phase determ nator 158. This sw tchi ng schene
may al t er nat i vel FachcPRaeoic (RGSIVEIS égéh ag}ta’cen’t 194nrreseIvas: & $RHECE 541,

ot e 2600 i RRE A i S SRR i, B
el ver L e P B R i ot F e e s s
respect i vecgihes ehehsbtirces sighiahtvia antehnaath2omedofegaiase 158y f temedves?21,

1622, ..., 162N 15 at |east according detected rel ative phases between the
signabs the spuree Bignalyia apndenra J52Rel Bach ®nehak eecaiveisnd vt okS4s58 -,

;?tgﬁrawﬁ%ﬂkhesrfvéﬁép S oaberatar firclia ARG prid s e REHIRED on
t _ el i !
of “the darAetag B QeI PRVl aREEMAREY I8 Bonaf Bl DRl O e hase

det er m nahar td S8lative folvaskee deteringineitare 168e  rSigneat tsorcehgsrerdiof t156
associ ated with each one of phase-shifters 1621, 1622,..., 162N according
t o requi determioesi amintetmadiate sigral aggarding {ethe recrived signah J¥enAbcusi ng)

phas é° de BRRH GesicTales b6 dethTBEs Bis P plesial hianal iy S8 ™
phase? d . B . .
dot or m g% PR Xohal Bafeefsl rks ARTRKABA0 B FHOHRERRACHA0)  ve one

of phafsea%bbfdiﬁgstqlfiﬁése 73R, receivetb gndinpardmétdlsc (ium| asignall sburse phase
determ nator 158 with each one of phase-shifters 1621, 1622,- , 162N, for

exaLrpI e, geoenator isyntyesipesathe intermedirterigpabt i hesmh e reneves sigpati at ed
i t hase- shi ft 1621, 1622, ..., .162N t i ned. t i vely,
o oh L Do LAt ol fexaiil. the fiehiartye S mHase 550 thet Amenidny of
h - h' . N - . 1
Ronedas nof 1 edbivkd S6Aa) - Thel@list 1beif¥d ufal Goicffielels thay fulihiBe® |

respecti pe ¢ mils@hese-aid ffakriméb3add the2ihtra-puldéINodblEtioreatheme si gnal
source generator 156 provides the internedi ate signal determ ned thereby to

each one (@1g. plinear-and fnos-nas2frequengy modylatiepnphasetmedslasions such
IOhase_Shlafst %ﬁasleezéhiftl%gymg' ahdl%nwpﬁmcfet SI\/IE)Bﬁlation). Similarly to as

mentioned above signal source generator 156 determines the first

20 received signal parameters according to signal processing techniques.
Alternatively, signal source generator 156 stores the received signal.
Signal source generator 156 determines an intermediate signal according
to stored received signal (i.e., either the stored signal is output from the
signal source generator directly or the signal source generator re-

25 produces the stored signal accordingly). According to yet another
alternative, signal source generator 156 stores the received signal and
determines first signal parameters of the received signal and generates
the intermediate signal accordingly. Signal source generator 156 may
further modulate this intermediate signal (e.g., frequency modulation,

30 phase modulation, amplitude modulation, pulse width modulation) delay or

filter the intermediate signal. Signal source generator 156 may also
-18-



I nternmedi ate signal by the respective phases shift associated with that

phase-shifter. Each one of phase-shifters 1621, 1622, ..., 162N shifts 10
phase of wbeoiihsisgedi ate signal by the respective phasegrahdiio@ssoci at ed
wi th that phase-shifter. Each one of phase-shifters 1621, 1622, ..., 162N

may further shift the phase of the .iptermnediate signal.to, jntroduce

nadi ¢ ondhodaiptethe plarl caerding s REprTAIAN (@ Bgjanstatiebiskits: SIgAb o-
shifters 2 6 ' : MY shifted signal
15 ther egbﬁf%e {%grz%%eesc e}q]/ee?d;larrp%mﬁlléejg%tvweéregﬁ%ﬁﬁ?ge@%ﬁgr 1621 provi des
the respective plaFrhshBebt esuiesNicetverama4 f i 184,1641.19haqarhsiilatiws 1622
provi des the respective phase shifted signal to anplifier 1642 and

phase- shiphase tiéftnuinatordd$8t hecordipgcta \ee detamnirsdd favatthing nsdheare.

anplifier_ 164N.. Each one of anplifiers 1641, 1642, ..., 164N provides the
respeét | VOISSWilGhING isshemigingludes, fareexamplatGaupling efREenGcs fReeived

ther e g Bl i Blard " bt B rhiifatoP P86 b RTRLIBHlgHy t8fing © "

receivers 154,, ..., 154\ with relative phase determinator 158. This

switching scheme may alternatively include coupling each adjacent pair of

receivers 154,, 154,, ..., 154y. In general, the switching scheme is

10 determined such that relative phase determinator 158 performs N-1

independent measurements of the relative phase between the receiver
(i.e., N equals the number of receivers).

Relative phase determinator 158 further determines a respective

phase-shift associated with each one of phase-shifters 1624, 162,,..., 162y

15 at least according detected relative phases between the signals received

by the receivers. Relative phase determinator 158 determines these

respective phase shifts such that the re-transmitted signal will be

transmitted at least, substantially towards the direction from which the

source signal was received (e.g., according to the negative of the detected

20 relative phases of the received signals). Relative phase determinator 158

may further determine the respective phase-shift associated with each one

of phase-shifters 162, 162,,..., 162y according to required additional

transmission effects (e.g., multi-beam, de-focusing) to be introduced to the

re-transmitted signal. Switch 160 couples relative phase determinator 158

25  with each one of phase-shifters 1624, 162,,..., 162y (i.e., according to a

switching scheme) and relative phase determinator 158 provides each

determined phase-shift to the respective one of phase-shifters 162,

162,,..., 162y. Switch 160 couples relative phase determinator 158 with

each one of phase-shifters 1624, 162,,..., 162y, for example, sequentially

30 after all the respective phase shifts associated with phase-shifters 162,

162,,..., 162y are determined. Alternatively, switch 160 couples relative
-19-



1642 provides the respective anplified signal to the antenna 1522 and
anplifier 164N provides the respective anplified signal to the antenna 152N

Each of agbeonadsdkp2l, 1522 ..., 152N re-transmits the pegpeshiy®9d Signal
thereof. Since the signal transmtted by each of antennas 1521, 1522,...,

152N includes a respectiv e-shift (i

1621, 16phass. deleihneioss B IRISAN anle A Rharemnitaa 1analods

transm t a b ' ' t4 whi.c he
source sil ga laErameRs, BHEP FRRVY, h4RE e TEMARE e LM b
30 of angg ivReSiHa g shiteakseuiatd P withl ietespelciite Bric b Pﬁaséfs_ﬁiﬂérs
re-transmtted signal. The re-transmtted signal may be transmtted to

addi ti onab2¢i t1@&24 i.onHIe. g., due to grating | obes). It is noted
that in general,_the output signal of signal source generatqr 156 and
phases shifters 16bereafters, signal 1630Nrce agengrater sig@al Peovd@sa Wiegital to

a0l 09 CRRghb etk 0o By BB AR IR e oA RLS. 0
of phase4gbifterpsd62aci ik of gpagéﬁsq{i'fte}im?hf yspher nEEdshit@! tHehe

change in tfe phase of the sign uring the propagati on thereof between

ref erencintemnetliete dighal dyd tise gesbestive cehgsesrsitiftradgsotidtecamdttbehaken
signal source generator 156 and each of phase-shifter 1621, 1622, ..., 162N
shoul d aphmsasshifter.knbash ane efphassrpbifiess et62or 16921 el atlibée shiftse

dur i 75 ¢ RBSBP G abs MRl FianAl e Breaeative R st asodafi) gna

source OGN A pHaG-3AMICt BBRA ShEMH pRASE-SRIfEREIG20T 1620 .., 162y
may further shift the phase of the intermediate signal to introduce
additional effects (e.g., de-focusing, multi-beam). Each one of phase-

shifters 1624, 162,, ..., 162y provides the respective phase shifted signal

15  thereof to the respective ampilifier thereof. Phase-shifter 162, provides the
respective phase shifted signal to amplifier 164,. Phase-shifter 162,

provides the respective phase shifted signal to amplifier 164, and
phase-shifter 162y provides the respective phase shifted signal to amplifier

164y. Each one of amplifiers 1644, 164,, ...,164y provides the respective

20 amplified signal, to the respective antenna associated therewith. Amplifier

164, provides the respective amplified signal to the antenna 152, amplifier

164, provides the respective amplified signal to the antenna 152, and

amplifier 164y provides the respective amplified signal to the antenna

152y. Each of antennas 1524, 152, ..., 152y re-transmits the respective

25 signal thereof. Since the signal transmitted by each of antennas 152,
152,,..., 152y includes a respective phase-shift (i.e., introduced by phase-

shifters 1624, 162, ..., 162y respectively), the re-transmitted signal is
transmitted at least substantially toward the direction from which the

source signal was received. Thus, the relative position between each pair

30 of antennas need not be known to determine the direction of the

-20-



15 and each of phase-shifter 1621, 1622, ..., 162N shoul d be substantially
t he sane. According to anot her enbodi nent of the disclosed

t echni queyotbfi/hkdedt retro-directional transceiver sub-sysieimif@esmts, by
each antenna in the antenna array, a reversed tine version of the signal 20

recei ved by the sanme antenn Thus, the relativ hase of re-transmtted
si gnal s, 8 ﬁﬂé@ﬂiﬁgg‘éﬁ' ?-r i\heaﬁ@' ransmitted §I%Laﬁa’§‘laiya5?y&?ﬁ§niiéﬁati%e of
relative fy: ive rGe:: Sl et ween the sane pair of
ante_nnasgaggﬁgﬁggé%gﬁgﬁ%g%%ggégg qiigtdﬁégélﬁéifand 4B. In Figure 4A signal
200 is a represeptiat hgfedPfthat $h HeerafCiey SitpYt @ghdlf of Ryt SomRR 25 1 n
the antenna array. In Figure 4B,  signal 202 is tinme reversed version with
respect generatoal15BandFpbase-siitersSi§aal 1822 i.s 182pssia digltaddysighal sane

antenna that received signal 200. Reference is_now nmade to Figures 4C and
4D. I FApdradigitalitganalog £onyerter dpptsbawatindrigere 2) dreeedes eacindl  whi ch

and 20443 EIHETEA Y. dRdz0r s ﬁé%ﬁ?@ﬁii&éfe?:ntﬁ@@%i'tetiiR%n%Pﬁlié&i\i%f qure
and 2 ed B ciezor-« A unt SRHT AP 7
10 S oY R L & D e O P mOoT e oo il O 2044

i n Fi gur aotEg thafie chaege itothee phasai of) the sigmeil daeridg4Bei pradpagationi0) ,
2063 (i.e., corresponding to inpulse 2044 in Figure 4C) and 2064 g@ie.,
cor r espotheregf betweprpefeiensearedeiver §of«and)sigrahsaurceogensratpadd@ tted by

the sane_antenna that received siagnal I eneral ,a di sc ever sed
si gnd? i énartb‘?:li’iv(,e&? B@%ﬁ&@i‘ﬁ%e igﬁé‘%f%%f%rﬁnas%aqr}hgf ,ph?ﬁg'imﬁ§m6?ﬁ’pul se
second t ast etp: ran | KN t i e i i :
schemati26g?j i ﬂgtzi'g‘?rii%}ilao%ﬁgé%tpg%v retro- Pgeﬁqsoﬁgﬁ%%ﬁg%%if\%%y

sub- syst sstatige praad deterfrénatoretb 5 Alternativelycthedcleme jire thae iphasenof
accordance wi th anot her enbodi ment of the disclosed technique. System 250
i ncl udesthe ignadiduringotheaptepagatianstherepb between referencediegeavasl 1d4d ity of
tE;gESf re;\égéeﬁr{sggll gégégg’glénezr%%gf 156 'eind2 ggtl\\livéeanbgirgen\gl %toﬁcricér )élé))r(ie'ré]to'?'ﬁ%r e 28).

15 and each of phase-shifter 1624, 162, ..., 162y should be substantially the
same.

According to another embodiment of the disclosed technique,
the first retro-directional transceiver sub-system transmits, by each
antenna in the antenna array, a reversed time version of the signal

20 received by the same antenna. Thus, the relative phase of re-transmitted
signals, between each pair of antennas, is substantially the negative of
relative phase of the received source signal between the same pair of
antennas. Reference is now made to Figures 4A and 4B. In Figure 4A
signal 200 is a representation of a signal received by one of the antennas

25 in the antenna array. In Figure 4B, signal 202 is time reversed version
with respect to signal 200 (‘Figure 4A). Signal 202 is transmitted by the
same antenna that received signal 200.

Reference is now made to Figures 4C and 4D. In Figure 4C
signal 204 is a representation of a discrete signal which includes impulses

30 2044, 204,, 204, (i.e., exhibiting a value of zero) and 204, received by one

of the antennas in the antenna array. In Figure 4D, signal 206 is time
-21-



15 includes a respective receiver, source signal generator, phase-shifter
and anplifier. Transceiver nodul e 2531 includes receiver 2541, source

si gnal geRenaiPins®ke6l, phase-shifter 2581 and anplifier pg@Qi201TH@BECEI Ver
nodul e 2532 includes receiver 2542, source signal generator 2562,

h -shi f 8 d ljfi 6 . ' dul i ncl ud
Pe?iiiefviﬁezféiés WP CE S0 Sainalogop GuBNE AGEe. SR R0ndaRllizs
v . | SHH o i

ol i 11 amenoEs A0 T Earo TP RaRIG L Frtluted o Fgiie 150, 062 "

transcei yef nedHiegpoRaiy one dmANSENTEM 25@L, Fedd 4C), 298 ig.ecoupl ed
wth a Zg respectige oﬁg;of recé?eers 2541, 2542, ..., 3%4N and ﬁﬁth a
r espect i earrespondingnia inipeise 260,1in BEguee 4C) andab, (het ecormegpanding coupl ed

e Pt S oSS Ty,
e e R e L
256y Stbaiaffoygiony e Fardastsadhag persatoatael ey

recei verlagbétic.and with phase-shifter 2581, signal source generator 2562 is

coupled with receiver 2542 and with phase-shifter 2582, signal source
generator 256N | Ret)JEPLedisvnow eadevia PIgure #Ha Whigh pisade sshematic 258N,

Each one.;of .phase-shifte 2 . 2 e 2D8N IS he ed with
a re%opec't"WHgBﬁQ §f %%{Si&f'{ezrros'a%éeﬂ,gég%&zns.c.e.', 6§Hb'#§géé"sé\eﬁ§%ﬁ& 2581 is
coupl ed ydfbhe I7GET caRéuctBaaafds B\txné?éativ% 3984céSraanuB! aathWahbtieewp! i fier
2602. Phase-shifters 258N 1s coupled th anplifier 260N Each one of

r ecei ver esmbntime® 42 the disclésdd\tectudgues Systent 2601Aclsidgsaa pluraktysofi t t ed by
a source, via the respective_antenna thereof. Receiver 2541 receives the
source sagtennas 25antdéa . 25292nr 2@ ia/RIUr2IRY Of teanscaiver MOJLIRE 63si gnal

L3I o8BS, 257000 LR NGDa R [ERRIUESIET N SnSbene) bauT e

15  includes a respective receiver, source signal generator, phase-shifter and

amplifier. Transceiver module 253, includes receiver 254,, source signal

generator 2564, phase-shifter 258, and amplifier 260,. Transceiver

module 253, includes receiver 254,, source signal geherator 256,, phase-

shifter 258, and amplifier 260,. Transceiver module 253y includes

20 receiver 254y, source signal generator 256y, phase-shifter 258y and

amplifier 260y. The signal source generator, the phase-shifter and the

amplifier of each transceiver module form the transmitter of that
transceiver module.

Each one of antennas 2524, 252,, ..., 252\ is coupled with a

25 respective one of receivers 254,, 254,, ..., 254y and with a respective one

of amplifiers 2604, 260,, ..., 260y. Antenna 252, is coupled with receivers

254, and with amplifier 260,. Antenna 252, is coupled with receiver 254,

and with a amplifier 260,. Antenna 252y is coupled with receiver 254y and

with amplifier 260y. Each one of signal source generators 256,, 256,, ...,

30 256y is coupled with a corresponding one of receivers 254, 254,, ...,

254y, and with a corresponding one of phase-shifters 258,, 258, ..., 258,.
-22-



254N perfornms down conversion, filtering sanpling and the |ike and 15
provi des the received signal thereby to the respective signal source

gener at orwbhgi{€ekico Recei ver 2541 provi des the respecti vecigtshYefd25 gnal
thereof to signal source generator 2561, receiver 2542 provides the

respectiye received signal thereof to signal source generator 2562 and
recei vergﬂﬂﬁﬁl BPYIGEI&E q{étqregégctisvéopgg%;v\@@hsfe&% el KefaofNioWiynal 20
source g t Qr ' ' e 2 : 62,
o seRaR e e e bRl BByECs Uttt 0L AP R i R e e
respect i y845 apel WRH pHaRabhiflee28Y,, sighdt douiree RAierhfors28B)als téupled east
time reversed with respect to the received signal. Each one of signal

sour ce geitar atemeivel562542560d . with 2pitasalshdteri n258j.he resgiecbinee of

i ntermedi ate 25 signal by determining first received signal paraneters of

the resppbaseshifte’s ¥e81.s298al --1:hép8uf s HdhgerouRied Wik & tIvee

Nt er e Bb & ARl B2 265, o B, | PrlesEnifiors ok € obiicd Ui

amplifier 260,. Phase-shifters 258, is coupled with amplifier 260,. Phase-
shifters 258y is coupled with amplifier 260y.

Each one of receivers 2544, 254,, ..., 254\ receives a source

10  signal, transmitted by a source, via the respective antenna thereof.

Receiver 254, receives the source signal via antenna 252, receiver 254,

receives the source signal via antenna 252, and receiver 254y receives

the source signal via antenna 252y. Each one of receivers 2544, 254,, ...,

254, performs down conversion, filtering sampling and the like and

15 provides the received signal thereby to the respective signal source

generator thereof. Receiver 254, provides the respective received signal

thereof to signal source generator 2564, receiver 254, provides the

respective received signal thereof to signal source generator 256, and

receiver 254y provides the respective received signal thereof to signal

20 source generator 256y. Each one of signal source generators 256, 256,

..., 256y determines a respective intermediate signal according to the

respective received signal thereof. This intermediate signal is at least time

reversed with respect to the received signal. Each one of signal source

generators 256, 256,, ..., 256y determines the respective intermediate

25 signal by determining first received signal parameters of the respective

received signal thereof, and generates the respective intermediate signal

thereof according to these first received signal parameters (i.e., each one

of signal source generator 256, 256,, ..., 256y synthesizes the respective

intermediate signal). These first received signal parameters are, for

30 example, the frequency, the phase and the amplitude of the received

signal. These first received signal parameters may further be the pulse
-23- :



of signal source generator 2561, 2562, ..., 256N synthesizes the respective
I nternmedi ate signal). These first received signal paraneters are, for 30
exanpl e, wbeofveswency, the phase and the anplitude of therLmeedmwes signal .
These first received signal paraneters may further be the pulse -23- rise
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generator 2561, 2562,, 256N provide the respective internedi ate signal

t her eof parametersr r ekpthali nespective srédaived t Isignralf . arsl gigainesatascethgener at or
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i nternedi ate signal thereof by the respective phase shift associated with
each of pheduationft puse258idth238edulation)2slayher pliidtee de f respeciiveat ed
wi th each 30 of phase-s i{ters 2?8,[Jh, 2?82, .., 2B8Nis deEeégined
accor di nitegmegialersdanal. In general, the intermediate signal generated by each
signal source generator 2564, 256,, ..., 256y is at least the reversed time
version of the respective received signal.
20 Thereafter, each one of signal source generator 2564, 256,, ...,
256y provide the respective intermediate signal thereof to the
corresponding phase-shifter thereof.  Signal source generator 256,
provides the respective intermediate signal thereof to phase-shifter 258.
Signal source generator 256, provides the respective intermediate signal
25 thereof to phase-shifter 258,. Signal source generator 256y provides the
respective intermediate signal thereof to phase-shifter 258y. Each one of
phase-shifters 258, 258,, ..., 258y shifts the respective intermediate
signal thereof by the respective phase shift associated with each of
phase-shifters 2584, 258,, ..., 258y. The phase shift associated with each

30 of phase-shifters 2584, 258,, ..., 258y is determined according to required
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addi tional transmission effects (e.g., multi-beam de-focusing) to be
I ntroduced to the re-transmtted signal. Each one of

phase- shiwbeof/1356%8, 2582, ..., 258N provides the respegtinirRigmeshi fted
si gnal thereof to t he respectlve arrpllfler coupl ed 5 therevmth

Phase-shi f rovi des t ective thereof to

! g Fl\' B R ﬁse shlftt?)d sn
anpl i }‘ i efddidional pi{3 é”Hﬁ‘T"Pf‘ere Gvi dBYrheam. s dectocy astg i fted
si gn t hi ft 258N d th
r egpgct | @ZF&ﬁIgsetgotsﬂFﬁ 'leéd{rShsaﬁﬁg?he@?%I? fol arr;e)lrl fier %8\&' EZch gne of
anplifiers 2601 E46RZone - of Bﬁ@ébaymﬂterfg QSSH hesgespecting, pravidesttmer eof and

10 provides the respective anplified signal, to t he respective antenna
associ at Ebpdativevwhase ahifted seggnatdbergofdoi td:\esretslp@cmee;mnpllﬁy@ eoppled ed

e éﬁwe@r'é&t%?i Basrehifier Aa: bsosicandna BpPeYe ARBRENIOOAE
t
2521, 258raRY 0oaBRpIFleR Papk FAREESHRER 2380 Pichiied R PfUEREE (1

si gnal t pRASAISHifREY %}grﬁa%qheﬁéofqataﬂpﬁﬁeﬂééoz Phdde- shlfteZQBBlN p}@wdé%s at

| east the tinme reversed version of the received signal the re-transmtted
si gnal i the respattivecphase Isbifted sigretl dneiedflty aropdfier 266y dikach ooe 6f om
whi ch t he sources signal was received. Thus, the relative position between

each 20 gmn”@rs 280502892 ne e 2690t aBWIikigS HEt G SPECEV R $ignahthalept @don of

adai 1 Fﬁfa N Nt T L S e e S R T
35oN antop e e A e P e

cor r esposiginag tolthe batenma 252, ogmqadlfleeﬁseg prdeéssthewaspecﬂRveganqolHE)ﬂ
precedes each of anpllflers 2601, 2602, N However, a digital to
anal og c8ignal tter thengntgneaede? eeﬁﬂfi cﬁmﬁhfé%re2§ﬂwf pepudesdhe pespective | 258N

T VO oL Ao 8 R oo ER Bl S ATFB 3880202, - 200
phasgs shi ft &5y 258krarfstiRs the redpEivBsigRarthéfrf. arsingacthe®nsigral si gnal
transmitted by each of antennas 2524, 252,,..., 252y includes at least the
time reversed version of the received signal the re-transmitted signal is
transmitted at least substantially toward the direction from which the
sources signal was received. Thus, the relative position between each
20 pair of antennas need not be known to determine the direction of the
re-transmitted signal. The re-transmitted signal may be transmitted to
additional directions (e.g., due to grating lobes).
It is noted that in general, the output signal of signal source
generators 256,, 256,, ..., 256y and phase-shifters 2584, 258,, ..., 258y is
25  a digital signal. A corresponding digital to analog converters (not shown in
Figure 3E) precedes each of amplifiers 2604, 260,, ..., 260y. However, a
'digital to analog converters may precede each of phase-shifters 258;,
258,, ..., 258y. It is further noted that in Figure 3E, phase-shifters 258;,
258,, ..., 258y are optional. When no additional effects are required then

30 phase-shifters 258, 258,, ..., 258y may be omitted and each one of signal
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source generators 2561, 2562, .., 256N is directly coupled wth a
respective one of anplifiers 2601, 2602,..., 260N. The systens
descri bedwbensimsisove i n conjunction with Figures 1, 2 aounBoiaoms mlarly
applicable to one two and three dinensional 5 arrays. For exanple, in two

phase bebauel (FTeadR, 2B R 2000y a PRESr dhodBRLET bERPRG With Hcel vea
signal | R aRoliehobl BRITIAEREURCEEUEL S, 2OOFhe antenna array. As

ment i oned e, second transmtting sub-systemtransmts 10 a si gnal

bet ween t he VHF Phedystemishdesdtibdchhereiabovegnatomanctien Viith Fegargs e, a
communi cation signal or a RADAR signal. Reference is now made tqQ Figure 5,
whi ch is1azs@lﬁ\é|ngﬁ are | sicklerlyt applieablg B)e@mdtweaa@mfwﬁgdlmﬁ%%@gm

P ror BHESR nehor oPeamBled; Lt (TeTetrdl, ahiaySecltl Rl RE A Aty
sub- syst aBtetfinaRfi! dERIS RROMEITOR bhASK HRANEER' #R! IRV RRMGRANEY 2304,

second conmuni cat1on transce and antenna 302. Seco and
comuni cedfepende arsediereandOfhe ndoefiesd diighdklint eaols cengeof 3A8. ofilssond
comuni cation transceiver 306 includes second comunication receiver 310
and secofgretversdnrthei ¥4enoa afgnal det erminator 312. Antenna 302 is coupl ed
with digital tragsceiv r

op 3Tahal 312, . P
W Lh anpl i {1 er oA3. BNGPREH A0ANE RS HahoT U, SHECRER KARPTHcor 314

and w th,s itRaty ] A 3 ni cation
oceler 2398 P OF AR RE VAP Baf A TE N eaa The SRIBD RdnEy

det er m nfﬁroéxérh%le, a communicatio®igighal ot ra RADARESIGHE. 1 Redénegreaissi gnal
fromantenna 302 and directly sanples the received si gnal . Digital

transcei new 3oadeletoeMiguss 5 ewbiah riecei seliervataailluptinliant ef @ sEeeHe second

e 30" alfaNETTHEtDrS tneyFBea: \aanaiaiaerarhcede cilffd Tt s Bie
par amet °bp ¥d Yht eeohfaﬁéée With S§ m?eda%i)@aiméhﬁ%fawet@@cld%gqa- pul se
-26- no Fa 1 on scheme (e.qg., linear and non-lrnear frequency nodul ation,

phases NDERLHRTIGQES Secdnd$ransasitting slib-dyetémo3e0dndupestsstoridRADARON) .
Second communi cation receiver 310 receives a conmunication signal and
per f or nsandweorwnwrication, transeeiven @04 as@comd @ramunieation Keanrgaeiyelovi des

e Fee RS Ao, SRRSO PRETUR Bl AR Lo S S g
o0 e S 3B SREI TN INA® o2
determ ngper hedudies ergéohd heommunication receiver 310 and second
20 communication signal determinator 312. . Antenna 302 is coupled with
digital transceiver 308, with second communication receiver 310 and with
amplifier 314. Digital transceiver 308 is coupled with amplifier 314 and
with second communication signal determinator 312. Second
communication receiver 310 is further coupled with second communication
25 signal determinator 312.
Digital transceiver 308 receives a signal from antenna 302
and directly samples the received signal. Digital transceiver 308
determines second received signal parameters. These second received
signal parameters are, for example, the frequency, the phase and the
30 amplitude of the received signal. These second received signal

parameters may further be the pulse rise and fall time and the intra-pulse
-26-



10 communi cation signal paranmeters respective of the signals received
t hereby, according to signal processing techniques. Second communi cation

si gnal deyenpimatmy 312 provides the determ ned comuni ggtriiRsh HH@P
paranmeters to digital transceiver 308. Digital transceiver 308 synthesizes

o Rl BT T o, SR st oAt
comun ophage SraBBlafter ShEA! s SThastSHID iginin e b

det er m nitbdudatiamsn t t 8éceohdnakoandupicatiodes rédeivenpl 3 10 edesepeal a0
antenna 302. Antenna 302 re-transmts the anplified 20 signal. Simlar to
ant enna COONENigation1sigaal @nth peoRrmgy dpwne gBBYEEIORS fikernnadsaamlivgha. The

| f [ acti ECM. t d .i bed ab i ncl ud

sa\év- sélgv? ée .Cltﬁéwi'gér |,aca cBFQi’l"i%jsst r% h?%'g% o§&f‘o¥géh€rice@lj(ee‘%ofﬁ%§%enci es
suSYS _ . . . )

System. FOMLDEUEERBLSANRE dAERANEEN 317 SaltR, comhiifibatith SiGAaF

i |1 ustr aefrnsihator! 812 fdetewdintys ractivedl covhgnishtion signar plarametéry ence

350, constructed an operative in accordance w th another enbodi nent of the
di scl osedf the retejued siyralenSiBgitant) addaventionedalioued digitaldensaaiverar r ay

SR et R e SIaRe BB S R R v
362, \8 SLORFhuARSELA! Vigrid® pidnfeter respective of the signals received
thereby, according to signal processing techniques. Second
communication signal determinator 312 provides the determined
communication signal parameters to digital transceiver 308. Digital
| transceiver 308 synthesizes a retransmitted signal according to the signal
15 parameters determined thereby, and according to the signal parameters
determined by second communication signal determinator 312, and
provides the determined retransmitted signal to amplifier 314. Ampilifier
314 amplifies the determined retransmitted signal and provides the
~ amplified signal to antenna 302. Antenna 302 re-transmits the amplified
20 signal. Similar to antenna 100 (Figure 1) antenna 302 may be embodied

as a blade antenna.

The low frequencies tactical ECM system described above
includes two sub-systems. However, according to the disclosed technique
low frequencies tactical ECM system may be integrated into a dual

25 function single system. Reference is now made to Figure 6, which is a
schematic iIIusfration of a low frequency tactical ECM system, generally
reference 350, constructed an operative in accordance with another
embodiment of the disclosed technique. System 350 includes a first band
transceiving array 352, a second band transceiving antenna 354, a

30 second-band transceiver module 356, a switch 358, a RADAR receiver

360, a communications receiver 362, a signal generator 364 and a
-27-



controller 366. Transceiving array 352 includes a plurality of antennas
3681, 3682, ..., 368N and corresponding first-band transcei ver nodul es
3701, 37680 2011/12506%6 ON. Each one of antennas 354, 3681, $@&3L20.11/0002@68N my
be embodi ed as a bl ade antenna. 5Signal source generator 364 |s coupl ed

i th t I t h RADAR th
1 Conbeloes 38 %‘&arﬁ&sﬂ(m 55 552 3 B SR S S L
358 d h At [ | ed
350, nd g, sgaLr ol A aeg s 2P

10 modul 8703790, 37 3702570N &'?Qd}h bﬁec@ﬁ@ht@(ﬂm\a‘st%@ 388 {, SENdi MEEBN Y

ant ennas 36 ..., 368N and with switch '358. 'Second-band transcei ver
modul e 366 embodlﬂﬂ as abladesantentaband t r anscei vi ng antenna 354 and with

switch 358. Contpoller 366 is fur qupled with switch 358 _ Controller
306 B oors oui't SIS CeRNATaleT 3698 RPN SR GaniTOHST 366, g 01

360 and” RARARL Y L R0, W Eam AT ST, RS 302 dhd il !

Fur t her ng5g, CW\DNR fEcfer BEEGS Susthel CCoi8d ! with! é\ﬁﬁ@l@tﬂa’ it Rifh sour ce
signal generator 364 with first-band transceiver nodules 3701, 3702,

370N andcantrblisec3gtl- b&ummumsatonerrevedidre 36Q %a‘udltnerngoapl’edr stittand a

second transm ssion perjods. Simlar to controller 103 (Figure 1),
cont rol | §Witghe388nane | With Heontrallai 86601 Eagty epeash firsthbandg %@MV?%SOM ces

one BandTOUPP P B0 Bh0pne v oo, B ok St 3 S ReaAb oBBIr i ng o

transcei whterRsbil 98837988, 3702, 3683 7ANIANAIP Sy wash._ RASBoR@GRireeT 360

Wi th comruni cations receiver 362 and signal source generator 364).
Control | enanseélvbnrmbdulenﬁﬁﬁgm:oup&oﬂwmwesemndnbmmlmanséelvm anteshia such as
emtter signal acquisitian ( reco the transm ssion of _an

emtter and and with switgh 368. Gantrelier ?’g@'%é{}&lﬂ@ﬁ‘ @@wplesﬂnw'tarﬁwm 358.

W0 2011/ 125060PCrPIHBUEE AbLSGE-EIMAG Bonioidudh BRPRR IaReEL, )

g‘)gghﬁeﬁﬁ&uley@%h SN anBARP R 8b¥ERd Dt tresteltr! modifdFBe t ed by
with RADAR receiver 360 and with communications receiver 362 during a
reception period. Furthermore controller 366 directs switch 358 to
alternately couple source signal generator 364 with first-band transceiver
modules 3704, 370,, ..., 370y and with second-band transceiver module
20 356 during a first and a second transmission periods. Similar to controller
103 (Figure 1), controller 366 controls the activity of system 350. This
includes resources (e.g., power) management and time sharing (e.g.,
when harmonic signals from one band interfere with the received signal in
the other band, coupling of transceiver modules 3704, 370,, ..., 3705 and
25 356 with RADAR receiver 360, with communications receiver 362 and
sighal source generator 364). Controller 366 further manages the different
missions of system 350 such as emitter signal acquisition (i.e., recognizing
the transmission of an emitter and determining the characteristics thereof)
and emitter maintenance (i.e., updating the characteristics of an acquired

30 emitter).
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emtter), via the respective one of antennas 3681, 3682, ..., 368N and 354.

Each one of transceivers 3701, 3702, ..., 370N and 356 perforns down 5
conver si oRo 2bilhsssong sanpling and the |ike. Each one obciigasegioyey s 3701,
3702, .., 370N and 356 provide the received signal thereof to RADAR

' 360 and_communi cat i ei 362. RADA ' 0 d i
?;efg'tvgﬁd secondDUBEG: detrGesbAR r@%@lﬁ'gfﬁ_raaﬁaﬁwér@ogehei§8§%?’ﬁ 2t 0t ﬁre.m "
first an§7 gc%tpgl e QUL CYs 1 Rd L P € ¥Rsitted 6 Ca}eggche’S?@edeérprm nes

second 3 5 )Z

first an recei ved conmuni cat1ons’ si gnal parafreters corresponding to

the firsenfftdr)s e respeeiay oharst. afieniert 36BedeBove, 368gsmds3aaal
paraneters are, for exanple, the frequency, the phase and the anplitude of
t he recebasth shgnaf trafisesiversr370+,e3&0yed.,s3 ¢0ql anrhr3hte performsy down her be

the pulse rise and fall tinme and 15 the, intpra-pul se dul atj on ene.
RADARS 1 e@envelfs'@@ofﬂ&rm§M|%@naﬁhe§&<&- VEACB@Na of IrABBCALESS %%e a

respecti rel ati p e r > t i : | as
S651. 3683021 1 SuRAnRcRa: e dhel REaEd inbb Mg Y REBAKE o &
sel ect edrgngvef 3618 JriRf LonhupicHtRInD récsiver BBzle RADARS réd@veet3gon ned
rel ati ve phases to the 20 respective one of transceiver nodules 3701,
3702, .. det&nliNes! tfins$ mvidedseband gegelvad t RAISARensigoadd pavameste RADAR
recei ver 360 and communj cations receiver 362 may alter the relatjive phase
of the r€0ilEsROANING 0 Shgrfist @nd recoRd JECQRNGY baad. efspminieations

re-transmitt.e gnal, Fur r RADAR recei ver l.cations
Feceror raseiies 3pRclrterines Bt sdeond e cgniifu R hE HRbaT
signal s e i 1 ' SEHY FRoGLRSHRY 36

gener at e?éztl&'?]i rst :ﬁcgtrgsﬁéﬁﬂgﬂge tgitgr?aprsat(?%ggg%’eng to(ﬂt%he i ﬁ?gpgéeﬁsed

si gnal patemtidrescs abdve, stivesedl signal mpdirametsisgnate, adoor éxample, t thee second
recei ved signal paranmeters. 30 During transmssion in the first frequency

band (i .&equensyf thephasarand te ampldvdedf theirgeaiveskeignal gdhesatfipt 364
provides _the first interne

D01 15e ol TonalparBelsts ndl Haher B8 thelfisedise gnd faYdime apshy  each
one qf t Tﬁé‘sqg!;rgfﬁeu@@d%%uﬁi% 3éAéme. -+ RAPMRiELaiVEe P@sef the

first interne
communication receiver 362 further determine a respective relative phase

for each of the signals received by antennas 3684, 368,, ..., 368y, relative
to a reference phase (e.g., the phase of a selected one of the received
signals) and provide each of the determined relative phases to the

20 respective one of transceiver modules 3704, 370, ..., 370y. It is noted
that, similar to as mentioned above, RADAR receiver 360 and
communications receiver 362 may alter the relative phase of the
re-transmitted signal to introduce additional effects to the re-transmitted
signal. Furthermore, RADAR receiver 360 and communications receiver

25 362 provide the determined received signals parameters to signal source
generator 364.

Signal source generator 364 generates a first intermediate
signal according to the first received signal parameters and a second
intermediate signal according to the second received signal parameters.

30 During transmission in the first frequency band (i.e., the first transmission

period), signal source generator 364 provides the first intermediate signal
-20-



signal by the corresponding relative phase shift thereof, anplifies the
correspondi ng phase shifted signal and re-transmts the anplified signal 5

via the cQpnespRsyng one of antennas 3681, 3682, .., 3e8NiLAiys002é2he
transmtted signal the re-transmtted signal is transmtted at | east

B o K B UL T P50 o ¢ B AP SRR SV, crnas
need not 18740 SHRILT M NS7H0SIHE el BRagE 6Qﬂqé6fzrgf firfdfghesi anal .

10 During aL{fransm1$S| orf’i 't econd frequency band (i.e., the second

transm ssigpal Agy ithe) cofegpahdiyrefatdenphaiser shfit! themydfdeamplifies eihend
intermedi ate signal to transceiver nodul es 356. Transceiver nodul e 356
anpl i fi esotrespendingd phasershifiedt gignab@ad ertransmitsitled araptified aignak i ed

2,205, D S bReg B as P gbr T S Y
d ) ' t taghahl ' t. ' de t
e oA, Sl Rl S, SETBD T TABRIEG, L el

ECM syst siipaan@afy | towaridetracairdefion heoae dvMichhitie a8o@@ie@d sipalcwent ai ner
402, in 20 accordance with a further enbodi nent of the disclosed technique.
Low freqrensived. tfacordiaghEtheseiativa gositioorbetwsmmndsaclo paivof arigneaas es

tactical ECM system generally reference 100 of Figure 1. Aerpdynam c
cont ai neRegENGtLKNIRERIEN geﬁ%’ nipedhecdizestionQf the gﬁst(i%ﬁl%}ﬁ%c% li ncl udes

ant ennas4 ! o 404 n 4 , ., 25
404N.10ar eDé'%"lbxgd?%ﬁs{ngS'gﬁg?:Ygg g?egrégg@?ﬂg%ﬁgy %\fd;ﬂﬂér &g%sz?n ZIL'z%ijntenna
406 Is 'E?‘a‘ﬁ%ﬁﬂsﬁbnOPéri%i\i/?,t Signfal rsvomt:eagéﬁérfartamm%bwa@er tHSechmds, | ow
frequencies tactical ECM syStem generally reference 400, is may be used for
sel f proindetrnediaté sagmalcicatrassoeiveormedulest 3pamT rapseeiyeysmedular 38icgur e 6,
antennas 4041, 4042, ..., 404N are 'bl ade antennas' (i,e., ant eFH?,as t hat
are 30 fBwdfies the wesordoiigraRAiate: siagah andhde-tranemiis he) ammlied

mai nt ai nj er |, Cy: ST aer odynam ¢ contai ner 402.

Al t er nat F@gﬁﬁ/%tgg&qg%hdé@&fﬁé%ﬁé% ..., 404N may al so be |ocated on
the fins of aerofyga@w feguBhBRIs 48éticdlS E@N/Iurs%t%!mabb_@bftﬁhgvtb et enna
406 may be affixed on the exterior of aerodynam c container 402 and be

enbodi eddeelasdd ddehniguenmay Aee odgused cwithint @mezerodygnamic beoitainexanpl e a

pod, 5 a munitions shell such as a bopb shell, a munitiops contour (i.e.,
havi ng t Atachable & ap Al oReferanae isynawgmaste 1o Figurer énvhien &3 @al ) |

el Lo St IGeh A ol b Bt c BhAC K SS el ebbraRe v
ggﬂie ;Jrgfit téf@ré%éé‘ Bi0ay " hokisetORRAtAIENGR | Seriyramdie tcodtatire 402 whinch is a
20 accordance with a further embodiment of the disclosed technique. Low
frequencies tactical ECM system 400 corresponds to low frequencies
tactical ECM system, generally reference 100 of Figure 1. Aerodynamic
container 402 is attachable to an aircraft. The transceiver system includes
antennas 404,, 404, ..., 404y and antenna 406. Antennas 404, 404,, ...,
25 404y are affixed on the exterior of aerodynamic container 402 and antenna
406 is located at one of the fins of aerodynamic container 402. Thus, low
frequencies tactical ECM system generally reference 400, is may be used
for self protection of air crafts or for escort jamming purposes. In Figure 6,
antennas 4044, 404,, ..., 404y are 'blade antennas' (i.e., antennas that are
30 located within a body exhibiting a blade like shape), thus, maintaining the

aerodynamic structure of aerodynamic container 402. Alternatively,
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illustration of a |ow frequencies tactical ECM system generally reference
420, housed within an aerodynam c container 422, in accordance w th anot her

enbodi nenkoabh1iiscd scl osed techni que. Low frequenci es paghisalofeedd syst em
420 corresponds to | ow frequencies tactical ECM system 15 generally

a1 or f ¢ A AL F082. onal hanie PO S8 Iakaiee T ol rel u50n

4242, .. ger rﬁf?ﬂc%ﬁmd%.gfﬁﬁgﬁm et tié‘@,@mteﬁ'%'\h%%ég% ed

wi thin aerodynam ¢ cont ai ner nna 426 1s | ocated at the one of

t he finsaffixeaeondiinasteriopof aisnedydadic Tontaihbe 402 and évé embddiedrasdynani c
cont ai ner 422 remai ns unchanged. Aerodynam c _contai ner 422 may be for

exanpl e a Wade antennit | AerodyamicoentaiRendB3imay g for example fopedcont our

i.e., having.th i hel | by,. mad i £ f
i o al 5. MABIOTe RN HetaA5c oS chellua Mg godtedtols Bafa eou

Syt em ofneCAbbY 65 ShEARB el By TAUIB% 8 Hirdierk HhaRfid), LI BAHRLN of

air craf or escor I POSES. t 1S no at transcel ver

system 43P darheUapks) Mals heterhthanfetpd-difcttivnel teinstediarmsystente00 i bed in
conjunction wth Figure 1. Is noted that each one of the antennas descri bed

her ei nabmay, beagny @renpf transceiveinsysiam (180gdeseribesh dp slonjunctiomayitha di pol e
antenna, _a slof antenna, a |oop antenna, a 30 spiral antenna) exhibiting
any desi F&H™€hkpe t hus achi eving desired properties such as bandwi dth and

diregfionality. pilsrence js now!' e toPFiGaRI o1 Yifich bis BEseARRa 1 ed In
§ & 122 Tm’ted To

t he t that the disclose nique i s no t what has been

parti cul grisyrafidPvVef anfbvd fegUdiried ea6ticbRTH s!?@tém\r,\%;éhéraﬁlvolr&erﬁndéﬂe
di scl osed technique is defined only by the clains, ich follow. CLAIM 1.

A t act i c4R0elleauseshivdthinuan eacrostynangics gentaimen 422, shngccordance Withst

retro-directional transcei b- t Y [ | s. at first
f r equencFNBHIRT, SEOIMEn of the diSeobed iPERRIGUE. ahoWe oBHenCiesytagical.m

whi oh ¢ nE @YLP BT BT offesrEREls, B IONCREGEhYEs RIRS OB syste 'O
transgei yahepally TepdremcenaloadiofgFigureunial | Rerodyrathineunitaired 4220/ rol | er,
coupled with said first retro-directional transceiver
attachable to an aircraft. The retro-directional transceiver system includes
antennas 4244, 424,, ..., 424\ and antenna 426. Antennas 424,, 424,, ...,
424, are located within aerodynamic container 422 and antenna 426 is
located at the one of the fins if aerodynamic container 422. Thus the
20 exterior of aerodynamic container 422 remains unchanged. Aerodynamic
container 422 may be for example a pod, a munitions shell such as a
bomb shell, a munitions contour (i.e., having the shape of a munitions
shell by made of a different material), fuel tanks or cargo tanks. Thus, low
frequencies tactical ECM system generally reference 400, is may be used
25 for self protection of air crafts or for escort jamming purposes. It is noted
that transceiver system 420 (Figure 7) may be any one of transceiver
system 100 described in conjunction with Figure 1. Is noted that each one
of the antennas described hereinabove, may be any type of antenna (e.g.,
a monopole antenna, a dipole antenna, a slot antenna, a loop antenna, a
30 spiral antenna) exhibiting any desired shape thus achieving desired

properties such as bandwidth and directionality.
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10 sub-system said controller controlling the activity of said first

retro-directional transceiver sub-system said controller further managi ng

t he m ssiWwp2offi2s®pd first retro-directional transcei vepcgiboiyeioess

152. The system according to claim1, wherein said first retro-directional

transcei ver sub-gsyst i ncl udes: | uralit f. transceiyer nodul es,
nai b

t he nunmber of tr i raqm&ﬂaé@deaﬁaf%@%% igs eh i hhat He | east
Pt . _ 5! . !
one o Sélsglésﬁ‘gigirn\efﬁ%ee rl??%lt it {9 t'HéPsdb%?r& ?éﬁé&%ﬂ?%&v@ﬁ%?ﬁe' ver

20nodul e, sai ranscerver nodule 1n a recelver,
coupl ed desbrised asaremabevenRathers &hal ofithesdistldRarit¥einiggeeisvi ng a
source signal fromsaid respective one of said antennas; and an anplifier,
coupl ed defihedainly bydpectaives, omeichFollewenna, said anplifier receiving an
internediate signal, said anplifier anplifying said intermnmedi ate signal and
providing said anplified phase shifted signal to said respective one
antenna; each one of the other transceiver nodul es include: a
receiver, coupled with a respective one of said antennas, said receiver
receiving a source signal fromsaid respective one of said antennas; a
phase-shifter for shifting the phase of said 5internediate signal by a
correspondi ng phase shift; and an anplifier, coupled with said
respective one antenna and with said phase-shifter, said anplifier
receiving a phase shifted signal from said phase-shifter, said anplifier
anplifying said phase shifted signal and providing said
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10 anplified phase shifted signal to said respective one antenna; a
signal source generator, coupled with the receiver of said reference
transcei weo 20midab@sp Wi th the phase-shifter respective ofcsaLzhiobives:2
transcei ver nodules and with the anplifier respective of 15 said reference
transcei ver nodul e, said signal so§l§§gﬁ§ner ator receiving the received
signal respective of the receiver reference transceiver nodul e,

said signal a0uiceaBERRIAIR cgaARIANEABURALISIGR BoRTfighg. Signal according

to said recelved signal; a relative phase det or, coupled with

each one of the paefiret vetrs.diesudional trapmteiveresub-systaim phecsvislg $igeats sai d
rel ati ve phase determ nator detecting the relative phase between said
recei ver of 8hid fiestefigsenayarkans, veaidholiist eretrerdirgetional tthensegtdehi ng

f id i idrelative. ph d i 25 f
o o2l BSVER? o AT SO SE LSS DA S e B, e
provi des. thi ﬁir@%ﬁSﬁ B RARSE tRA! E%)uhﬂese. 'Qn?lf was G ddRARR SBh] ?f{rét

wherei n, each one of said antennas transm he Tespective anpliftied

signal, ther ediyoidettiontnransperecisih-gystent r aisidingeda 3phuransg , ofai d
antennas transmt said re-transmtted signal at |east substantially toward
t he directioantermasildnch sai d source signal was received. 3. The system

according to claim 2, ere said reference.transceiver,.b dul e furt her
e ldee s phaseackenalc, Ganiied UG R ek TR s dionAl SRt eIUeb T sai

ref engnce 1 a(IBGEIYeH MUl o ANHIRaY Chaielihg SHHE CEAGRP! B OSaig® g

phase-shifter respectrve sai d reference transcelver | € shitting the

phase of sai getroidifettiohal e trirgeelvely suseysrsnondard ebageliehi firthd® 4. The
system according to claim2, wherein said phase shifter is one of a true

time del ay phwmmagihgf the oissiansr wf phithfirshi faten-directional slyanserivecor di ng

to claim 2, anrei n said signal source
sub-system.

15 2. The system according to claim 1, wherein said first retro-directional
transceiver sub-system includes:

a plurality of transceiver modules, the number of transceiver
modules equals the number of antennas, at least one of said
transceiver modules being defined as a reference transceiver

20 module, said reference transceiver module includes:

a receiver, coupled with a respective one of said
antennas, said receiver receiving a source signal from said
respective one of said antennas; and

“an amplifier, coupled with said respective one
25 antenna, said amplifier receiving an intermediate signal,
said amplifier amplifying said intermediate signal and
providing said amplified phase shifted signal to said
respective one antenna;
each one of the other transceiver modules include:
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15 generator determnes first received signal paraneters according to said
recei ved signal and generates said internediate signal according to said
first recwowved/s@nal paraneters. 6. The system aceordingi/bm2eld ai m 5,
wherein said first received signal 20paraneters are selected fromthe group

consisting of: frequencya' §\g agﬁ¢5#HS%i§W% SFes[pLe%‘rﬁgeZ?BﬁB' 3% gé‘i'o‘ tinme;

and intra-pul se nodul ation sC errré. systemaccordrng to claim 2

wherein said signal él‘*?l'éh%fés?%ﬂ:[ b &sivet PECSIVRRY 8 §<ﬁﬁ@é\é¢§’n§|i o said
generates said 30internedi ate signal according to the stored signal. 8.

The system accor di ngespectiaerong offsaicanteramas;si gnal source gener at or
stores said received signal, determnes first received signal paraneters of

sai d received signal and® géﬂ’éis&r%@iﬂ?éi dor _ntsé"rifﬁ'_ﬁgi aﬁh;? sphage Rfcoaidhgly. 5
Furt Hor odul af oo saMETIeUANEalBaL i g RalresP Ry Bpfse g a™ ™ "
cl'ai m'o; wher oi h the modil arTNG el dse Bt S PE Y S R, oy
modul ati on; phase noald &tithosaid phase-shifter, said amplifier receiving a phase
| shifted signal from said phase-shifter, said amplifier
amplifying said phase shifted signal and providing said
10 amplified phase shifted signal to said respective one
antenna;

a signal source generator, coupled with the receiver of said
reference transceiver module, with the phase-shifter respective of
said other transceiver modules and with the amplifier respective of

15 said reference transceiver module, said signal source generator
receiving the received signal respective of the receiver of said
reference transceiver module, said signal source generator
generating said intermediate signal according to said received signal;
and

20 a relative phase determinator, coupled with each one of the
receivers, and with each one of said phase-shifters, said relative
phase determinator detecting the relative phase between said
receiver of said reference transceiver module and each of the
remaining ones of said receivers, said relative phase determinator

25 further determines a phase shift associated with each of said
phase-shifters and provides this determined phase shift to each of
said phase-shifters, |

wherein, each one of said antennas transmits the respective
amplified signal, thereby said antennas producing a re-transmitted

30 signal, said antennas transmit said re-transmitted signal at least
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anplitude nodul ation; and 15pul se wi dth nodul ation. 11. The system
according to claim2, wherein said signal source generator further del ays

sai d i nt ayaRgdiahscs gnal for tinme determ ned period rel gtipdEadiiGooecepti on
of said received signal. 20 12. The system according to claim2, wherein

sai d phase shift determ nator, determ nes said .phase shift assocjated with
cach of eai counstabfialy ToRALS e BTt iod wihiBE Saie SrairberSERALRES v
phases 25 13acH; ystem according to claim 12, wherein said phase shift
det er m nat or é:et erm nes sai d phase shift associated with each of said
phase-shifters further according to additional transm ssion effects to be

introduced to said re-transmtted signal, wherein said
addi ti ondl tTheassysteimacedbfdingsto atdinde, ovieeref saitd eefeoence nrarmagiver

mul ti-beam 14, Th stem according . to clapm?2 further conprising a
swit ¢h coupl Bwdye Qhi 'H‘C%&? var haﬁé-%mftarrepupk% betieeniesaidyi nat or

for coupling If; ! S ] 1 i eLvar cordi ng
to a sw ton AGPLRE Fedheid B SalChEterb AR draiady &7 Kiad et aNe, SaBC Y ai'd
swi t ching Scﬁgﬁﬁl ! §ogﬁ&eerQbﬁéﬁhtéﬂc%éibatph%%edslﬁiﬁb@_t regp@ttpRe et 8 nat or
perfornms N-1 i'ndependent neasurenments of the rel ative phase between the

si gnal s receiefertrate racisceivaraneduby shiftiogithe gphmade 08 wadd émtiesmictiateunber  of
recei vers, and wherein said switchinpg schene includes one of coupling
sai d recei vepigpel QMinC‘P@%P@H@@gtP%%%éh%br modul e with said rel ative phase
determ nat or and sequentially coupling each one of the other receivers with
said'Yelative phase determ nator and coupling each 15adjacent pair of said

receiverg. The system according to claim 2, wherein said phase shifter is one of

a true time delay phase shifter and a true phase shifter.

5. The system according to claim 2, wherein said signal source
15 generator determines first received signal parameters according to
said received signal and generates said intermediate signal according

to said first received signal parameters.

6. The system according to claim 5, wherein said first received signal
20 parameters are selected from the group consisting of:
frequency;
phase;
amplitude;
pulse rise;
25 Pulse fall time; and

intra-pulse modulation scheme.

7. The system according to claim 2 wherein said signal source
generator stores said received signal and generates said

30 intermediate signal according to the stored signal.

-35-



16. The system according to claim 14, wherein said switch is further
coupl ed between said rel ati ve phase determ nator and sai d phase-shifters,
sai d sw twb28aquswbi al | y coupl es said rel ati ve phase 20a¢etrarzoinadoes2 Wit h
each one of said phase-shifters. 17. The system according to claim 1,

wherein gaid st 1S P 1.t hi nHaer mgG.:¢o Ihe chabl e
to an ai crafr?'.% ?3}%%’% ‘I%chézggﬁemoagé%@i %ge\fvﬁgg"ﬂal r%%i@ Em@] elgﬂaééﬁa d

aer odynam ¢ ggpéﬁ%tg?%tér%_s%iaqbﬁéi\ferooﬁphaﬁ SEtRPRIfE At st rbBaiveld siBAdl
muni ti ons sh ; muni tions contour; fuel tanks; and cargo tankS; 19. The
syst em accor gargmeters! af salld’ reedieedi sigrai dndngenartesrsaidnntarmediatexed to
exterior of said aerodynam c container and |located within 5said aerodynam c
cont ai ner. 2eigrmaha@csgedivglyaccording to claim1, further conprising a second
transcei ver sub-system said second transceiver sub-systemincluding a
comuni cation and RADAR digital transceiver and a 10second comuni cati on

ranscel ver . THReTSidfm  aciidinGPio! AR bS BHEFIR! (ERUPLRMhtabBuRsFOnd

transcel ver stem sald controller cohtro Ing the a vity sal d

second transgenegdtos filrthes rdtuls@istsdidnhterhetiafeusighat prisn &g pngvitiing
m ssions of said second transceiver sub-system
said intermediate signal to said phase-shifters;

10 10. The system according to claim 9, wherein the modulation includes
one of the following:
frequency modulation;
phase modulation;
amplitude modulation; and

15 pulse width modulation.

11. The system according to claim 2, wherein said signal source
generator further delays said intermediate signal for time determined
period relative the reception of said received signal.

20

12. The system according to claim 2, wherein said phase shift

determinator determines said phase shift associated with each of said

phase-shifters further according to the detected relative phases

25 13. The system according to claim 12, wherein said phase shift
.determinator determines said phase shift associated with each of said
phase-shifters further according to additional transmission effects to
be introduced to said re-transmitted signal,

wherein said additional transmission effects include one of

30 de-focusing and multi-beam.
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15 21. The system according to claim20, wherein said second transceiver
sub-systemincludes: a second conmuni cation transceiver including:

a second WweBIUM2ERHI ON recei ver receiving a 20conmuni capic@ALsiigh@ho r om an
antenna; and a second comuni cation signal determ nator, coupled with

i d d
par anot 18-+ SBRCHIAIGR) BRoQif tecevag Dhfel @aﬁﬁ%ﬁ“g?é&% %”geaﬂ&écond |
o SOBBRLEA" LAl hERORER YAhd | DaldeBvannase! RlediipaRGEIE] . (52!

o FeRRe"P
digital transceiver receiving rectly from sai enna sai d

digital trangegpNeg sand! r@lgtmée p“lﬁisé Vééte?mjﬁaior Skt @laﬂjtaécé|0éf§cel ver
further determ ning second received signal paraneters, said digital

transcei ver aeceidingdo far switshing sawme. 30comuni cati on signal determ nator
sai d received conmuni cation signal paraneters, said digital transceiver
synthesizing a -38- retransmitted signal according to said second received

signal paga r | . LV an
S1onel PISSTIYE SyARlh BELSRG R T RA B SR RESEEBRE
received fr Oab’@rwlneu%dcsﬁ tﬁé@@é@etdét’ve ms%adé&crﬁﬂﬁaidr%@ﬁ@ﬂmgw 1
sub-system antenna, coupled with said
mdependent measurements of the relative phase between the signals
received at each of receivers,
10 wherein N represents the number of receivers, and
wherein said switching scheme includes one of coupling said
receiver of said reference transceiver module with said relative phase
determinator and sequentially coupling each one of the other
receivers with said relative phase determinator and coupling each

15 adjacent pair of said receivers.

16. The system according to claim 14, wherein said switch is further
coupled between said relative phase determinator and said
phase-shifters, said switch sequentially couples said relative phase

20 determinator with each one of said phase-shifters.

17. The system according to claim 1, wherein said system is packaged
within an aerodynamic container attachable to an aircraft.
25
18. The system according to claim 17, wherein said aerodynamic
container is selected from the group consisting of:
pod;
munitions shell;
30 munitions contour;

fuel tanks:; and
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digital transceiver, with said second comuni cation receiver and with said
anplifier, said antenna transmtting signals providing by said anplifier

and proviwesoieesicyed signals to said digital transceivegrtanshii/fosea d
conmuni cation receiver. 10 22. The system according to claim 21, wherein

sai d second rece| ved Fagﬂqn al paranmeters and said received conmunication

si gnal paranet er§ Sected fromthe group consisting of: frequency;
15phase; anpli tude, pul se rise; Pulse fall tine; and intra-pul se nodul ati on
schene. 20 23. The system according to claim 21, wherein said plurality of

ant ennas 1gnd Tsai Qﬁéﬁpadcémﬁ? a8l digim SITh-vehysriedinsaid enfend< abé e eft ennas.
24. The system according to claim 20, wherein said a first

25r et r o- di r eeffixacato exterier bl said @eredynamio pondaiesr mtdwecatedewlthin band
and the C fre uenc and,. and wherein said second transceiver

sub- s§ystem op %da@% BRRRIEFAMHBINGYE band and the UHF band.

20. The system according to claim 1, further comprising a second
transceiver sub-system, said second transceiver sub-system
including a communication and RADAR digital transceiver and a

10 second communication transceiver, wherein

said controller is further coupled said second transceiver
sub-system, said controller controlling the activity said second
transceiver sub-system, said controller further managing the missions
of said second transceiver sub-system.

15

21. The system according to claim 20, wherein said second transceiver
sub-system includes:

a second communication transceiver including:
a second communication receiver receiving a

20 communication signal from an antenna; and

a second communication signal determinator, coupled
with said second communication receiver, determining
communication signal parameters respective of said
received communication signal,

25 a second RADAR and communication transceiver including and
digital transceiver, said digital transceiver receiving a signal directly
from said antenna, said digital transceiver sampling the received
signal, said digital transceiver further determining second received
signal parameters, said digital transceiver receiving from said second

30 communication signal determinator said received communication

signal parameters, said digital transceiver synthesizing a
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30 25. A tactical electronic counter nmeasure system conpri sing: a
first transceiver sub-system said first band transceiver sub-system

i ncl udi ngwa epmsgshcat i on and RADAR digital transceiver pagigrsiiibdoss band
comuni cation transceiver; and a controller coupled with said first band

transcei ver sub-syst 5. said controller controlli the, activity said
first band t FeRRRSTYIR] o Signds ASEOrdindd Borkdia) ISECONG: TREFIVERhSIORE! ¢ he

m ssi ons of i i LSt : i : e tem
accordi ng toﬁgr%?q%lt%,a?%gghi?&g\z%# ﬁgmréﬁ‘;l%@on%bﬁ?éﬁp?e%}ﬁgféﬁr ecti onal
transcei ver sub- aushePlific?CIoiphad siithakaicdridigitale aandceEnefueitalifyany. said
second retro-directional transceiver re-transmtting a signal at | east
subst ant i al | gignaMreiceineddroractdid digitaltramsagiveh@nsbur ces si gnal was

recei ved, said second rgt ro-directional transceiver sub-systemincluding a

plurabity of ant@nf8SON@AnHansCeiyar SULAYSIEM crNiesingy $QMRIREr WelbuSAEH wi t h
sai d second ret.ro-di | l..p I I 1ro £ CO l.1,i ng the
Sai d Second HelR TN S SARESERS coPfndnk el "
control | er f daidieimPRmsol D! Aftariries itRifsraftingi doRarOpFoviaiic ti safd i onal
transcei ver sub-system 20 27. The system according to claim26, wherein
sai d second aeipliiediaret pravides treaeived signaluto szt digitahtlamdesiver and a
plurality of transceiver nodul es, the nunber of transceiver nodul es equals

the nunber of0 &AILEARMNURICAtIERIECBIVENof said 25 transceiver nodul es being
defined as a reference transcei ver nodul e, said reference transceiver

nmodul'® i ncl udes: ~ areceiver, coupled with a respective one of said
ant ennas ppsairge/ 3G8lerR! ac GG N, BiahdAlDge \ﬁﬁ@@h $4iaMs 860 N RTRARI] Ve one
of said antennas; “and 30an anplifier, coupled wth said respective one

signal parameters and said received communication signal
parameters are selected from the group consisting of:
frequency;
15 phase;
amplitude;
. pulse rise;
Pulse fall time; and

intra-pulse modulation scheme.

20
23. The system according to claim 21, wherein said plurality of antennas
and said second transceiver sub-system antenna are blade antennas.
24. The system according to claim 20, wherein said a first
25 retro-directional transceiver sub-system operates between the UHF

band and the C frequency band, and
wherein said second transceiver sub-system operates between
the VHF band and the UHF band.

30 25. A tactical electronic counter measure system comprising:
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antenna, said anplifier receiving an internedi ate signal, -40- said
anplifier anplifying said internmedi ate signal and providing said anplified

phase shiwbegi$i2908! t 0 said respective one antenna; eag@rans19boobdye ot her
transcei ver nodul es include: 5a receiver, coupled with a respective one of

sai d ant ennas, sai gigrecei ver .receivi n%;/]sfl source s'irg?ah fromsai d.respective
i

one of said antefin st transcé?')ﬁ?l‘éséugﬁ P fﬁ?'dshi gheh "Y't sai d
| nt er medi at esﬁb%&‘gierﬁy cq@&ithp%nd'cB%rﬂnﬁ&%tﬂH f GnPNRABARRN d%gﬁél' fier,
Ive an ter,

coupled with said respec ne antenna W t h 'sai d phase-shi sai d

anplifier regahytdi9erapbas drstidric¢domirgnpicativprratdckivdasmdshi fter, said
anplifier anplifying said phase shifted signal and providing said anplified
phase shifted sigrainttalesaiadipied peth isaid §rst hachtransaeiver sukasystgml source

W Uh §he. phas@ts Roniialer cSppbefing’ ahecaehiibl HeAict FEe AN ARARAR! and
S gnal sour ceubereiaTsPashe et Rhd inehalif, P BERRrE SR 5. 5 e

recei ver of pahd trRePsesil-8pstephver nodul e, said signal source generator
generating said internediate signal according to said received signal; and

a relative phase determ nator, coupled with each one of the 25 receivers,
and with_each one of said phase-shifters, said relative phase determn nator

det ect i ng6t héheepysiorn preEling:ineciaigy; 46 dehokCANPESING Rors |
nggel v R GRABnS o haRiph e SUBLIMEE SegRhuis i i 4E 3 55 ¢
y;)t Qagﬁcgf of s88bd 3Refashcy "bahQ! SAQdsBESNY dRstrdBirectighar THaRstaigse shift
re-transmitting a signal at least substantially toward the direction from
which the sources signal was received, said second retro-directional
transceiver sub-system including a plurality of antennas; and
15 said controller being further coupled with said second
retro-directional transceiver, said controller controlling the activity of
said second retro-directional transceiver sub-system, said controller
further managing the missions of said second retro-directional
transceiver sub-system.
20
27. The system according to claim 26, wherein said second
retro-directional transceiver sub-system includes:
a plurality of transceiver modules, the number of transceiver
modules equals the number of antennas, at least one of said
25 transceiver modules being defined as a reference transceiver
module, said reference transceiver module includes:

a receiver, coupled with- a respective one of said
antennas, said receiver receiving a source signal from said
respeétive one of said antennas; and

30 an ampilifier, coupled with said respective one

antenna, said amplifier receiving an intermediate signal,
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sai d phase-shifters,

respective anplified signal, thereby said antennas producing a

re-transnybtefl/sk@pal , said antennas transmt said re-t papgmdiieis gnal at
| east substantially toward the direction fromwhich said source signal was

Sreceived. 28. The syst ding to claim26 wherein said plurality of
ant onnas ar e bl ade aSRETARPILG 29 MPHRUNG, S, IuEBnaRIge: Signdl Aeb,  °

wherein said first té%\ﬁ&ﬁ]:g\éﬁﬂgrtérﬁ%ﬁﬁﬁ’r} Ep%lséd%?\:if.t@df E[gﬁaelb?@dsaid

conmuni cati on transc

Iver ng. a comruni cat | celver

recei vinga comuni catdgieciiveitie bhesht antenna; and 15a first
comuni cation signal determ nator, coupled with said first comunication

recei ver, deterneachgneoahthe otherdrandagiver madubes imaludespecti ve of said
recei ved communi cation signal; a first Iegg-[\)/alt and comni cation transceiver
i

includling and 20 digitaf [9&I¥Cei ¢RHP

si gnal

i 9i fesPeGtyssane &f 8

wherein each one of said antennas transnts the

iving a

directly fro | tep i Qi t el: |1 t he
recei ved signal, salr%ﬁgrgﬁasglS%{']@gﬁgéig@gergb&diﬁgré@'@t%gr#ﬁ%lnggﬁ)rssb!w
recei ved signal parapjpdcivessiél of sHianténpascei ver receiving from said
first communication signal determ nator said received comrunication

si gnal
si gnal

par amet er s,

recei ved comuni cat i btHeENgdiate signgidyea £orresponding phas

10

15

20

25

30

an amplifier, coupled with said respective one antenna

and with said phase-shifter, said amplifier receiving a phase

shifted signal from said phase-shifter, said amplifier

amplifying said phase shifted signal and providing said

amplified phase shifted signal to said respective one
antenna;

a signal source generator, coupled with the receiver of said

reference transceiver module, with the phase-shifter respective of

said other transceiver modules and with the amplifier respective of

said reference transceiver module, said signal source generator

receiving the received signal respective of the receiver of said
reference transceiver module, said signal source generator
generating said intermediate signal according to said received signal;
and

a relative phase determinator, coupled with each one of the
receivers, and with each one of said phase-shifters, said relative
phase determinator detecting the relative phase between said
receiver of said reference transceiver module and each of the
remaining ones of said receivers, said relative phase determinator
further determines a phase shift associated with each of said
phase-shifters and provides this determined phase shift to each of

said phase-shifters,
-41-
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an anplifier, coupled with said digital transceiver, anplifying signals
received fromsaid digital transceiver; and 30a first transceiver

sub- syst egpapi@nsme coupled with said digital transceivepmdof@masd second
conmmruni cation receiver and with said -42- anplifier, said antenna

transmtting signals providing by, sai.dq anplifier and proyi des received
signals to gai dg\l’fﬁﬁf?'gl €acAnoRE; é&rsad dap rg‘gisd tanﬁm'% ctg:?l B%P%Bf:e\/ver. 5

sub- syst om RCETE, Sialy SudfeBl b, Mgfras’ silelrd o rbPAHKeH
signal, said antennas transmit said re-transmitted signal at least

substantially toward the direction from which said source signal was

5 received.

28. The system according to claim 26, wherein said plurality of antennas

are blade antennas.

10 29. The system according to claim 25, wherein said first transceiver
sub-system includes:
a first band communication transceiver including:
a first communication receiver receiving a
communication signal from an antenna; and
15 a first communication signal determinator, coupled
with said first communication receiver, determining
communication signal parameters respective of said
received communication signal;
a first RADAR and communication transceiver including and
20 digital transceiver, said digital transceiver receiving a signal directly
from said antenna, said digital transceiver Sampling the received
signal, said digital transceiver further determining first received signal
parameters, said digital transceiver receiving from said first
communication signal determinator said received communication
25 signal parameters, said digital transceiver synthesizing a
retransmitted signal according to said first band received signal
parameters and said received communication signal parameters
an amplifier, coupled with said digital transceiver, amplifying
signals received from said digital transceiver; and
30 a first transceiver sub-system antenna, coupled with said digital

transceiver, with said second communication receiver and with said
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amplifier, said antenna transmitting signals providing by said amplifier
and provides received signals to said digital transceiver and to said

communication receiver.

5 30. The system according to claim 29, wherein said first transceiver

sub-system antenna is a blade antenna.

10
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