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M CROMAVE SELF- PHASI NG ANTENNA ARRAYS FOR SECURE DATA
TRANSM SSI ON & SATELLI TE NETWORK CROSSLI NKS

WERHSHE@ATI ON TECHNI CAL FI ELD Thi s inventi on BPENEszN4/§25326

relates to m crowave sel f-phasi ng antenna arrays, and
nore particularly, to self-phdsing arrays adapted to
secure data transm ssion and for satellite network
crossl i nks. BACKGRQJND G: I NVENTI O\l Sel f- st eering
arrays are promiISRO 3 g
ant ennaoR $ECERBDATA mmziwwona sﬁnssmﬂﬂewmmomsﬂmm
envi ronnents. One of the nost popul ar self-steering
array technologies is the retrodirective array, which
automatically sends a signal back to an interrogating
source, W thout any phasesRHtIFICANGNor di gital signal
processing, as referenced in the overview by R Y.

T. Itoh, "Retrodirective arrays for
%é’{ I\LFIEM ni cations," | EEE M crowave Magazi ne, pp.
71-79, MNarThisyperion Teneralinielaies ExmisONRNe R ERIESIBR ANteTR arrays, and more
baﬁcmaem té baf-phadifigoahrdye tiapled arseaye astd tiamdnedsioo gall ddr satellite network
anl lll g fromthis self-steering feature nakes it
use for multi-user conmunications schenmes such as
space division nultiple access (SDVA) or
BACKGROUMINAM INVENTIONsat el | i t ) networks. To increase
user Capa(Setf)éteérl’ﬂlg SRR, ard PRI BldsRie SR edpBiisiiefshial RGGNna systems

m snp le hr@cﬁggm c%mrnﬂr‘i"ga?% erWo%me%%sar(Sn%yofqﬁ% ﬁggtﬁ)\ég&:yr self-steering array

F?é'@ﬂﬂ’ gles Fﬁ%’\?@‘?d'reqt'}‘ﬁ gy nhighRigomatigally %qngsea Siaep! E'i‘fétto gf interrogating
bduecesyigib@rmy dHaer shiflees\oe dibied sigrnabprycesdingdasosfeteoced in the overview by R. Y.
@f’yfaﬁ&t)' MRl Y. iBCr-RaRBird AR gr‘rafy@%r‘ Wrélé’ss%onﬁﬂm@&tfbﬁé’ IEEE Microwave

Hlebaiibion, Pl it g T D el i g LB e
erdinterrepaior ising gmj this salfcsteiedng-fedturg mekegal usefgj(jzz() multi-user communications
e&rbinBBduLIDHs SPh@@vistoh Fibltipla ScodssBDMACR Muliitrandptieienyaibiiite) networks. To

E\cggs%rusgrec%g% I{ ,ncngAh %r%ppo%% lanHe eﬁce @ﬁr?’rﬁn&e%crgqﬁc%é@lﬁg the array

ave typl ca been use INn.recelvers, secure
gg&ghvghd@plg%t[\%ﬁéarp%wbpéofmrr@h elam?r&zl\r? U?e(dﬁd f la?wever this increases the
siraaslTps sf tomsystsmwel | . Ot her techni ques to obtain high

S' ;fE‘Ct i Vlt t'Merfeq{avé %@é?ﬁﬂb@sétwbsna\éﬁeéﬂ%nm%é/s%'tﬁ@@?ech\ﬁy of an array
| Fr en a

y&% 6‘2@?‘?‘88‘% rr%er otn a%ments On? exa&npe IF nHI‘ steermg \thlCh is often used in
grepkisn gadarswﬁw%#nd\ﬂé?qﬂprt@ﬂarrya'éB@@eﬁt'%%ﬂ'ﬁ%{%hnts@a@? (il can provide
viREH higral resqaibh tbn adegit.i While)thdse texhwguee h®s Sypithiydteed @sed in receivers,

gwuie' RIS AR rAGRAT HER & Mwmtraﬁ&m I Qb ons

sys em I S enables t oslitl Onl n

boam i1t RUPGGRTTE e PFOREED RS FEPBROMLITS oflegeyeioned i

differentfagplicationsar &S| Batent édplioztion RRO3HZAMFOQ toi Aarndyli ebalt discloses a phased

St@@rﬁalj afrgdori v@m@ehl?\é;%céd)&\tenwasﬁo dR@tv@ﬁIEal Apfahii @adtiiBNo a wireless discrete
9%/ %]'sér?ég’ stec?ru A%@ggdéi Cco%?r%ﬁnca%mns ses?elﬁ\ed 'Fh%r herhes the automatic

@Eﬁ'fﬁp'ﬁ% P ip é"terVGH'F‘I" é’lf?qt'%meﬂ‘"f'%? "U@o‘ﬂ@r%ﬂ1eﬁ?rﬁﬁ an ealﬁaated on the
istrbeedZdn@utre bt @eeation elagtidne ¢ iPeieatPpplication @0 LEB4 BNgke discloses a
ns"tgcke% Qfriet N rdabi 2B ot e(§C§$ IRGhmGRBtRE sftdnPChHRH 1s0\WBHhhed with

Feé&o&rgatfv% gzrg%:y? id%l'rllll‘n?ng, anda |nterferc9ndcg cgnl'clzlellng te%hnlques For example, soft nulls of

the transmitted signal can be directed toward interference sources, and code-nulling and retrodirective
beam steering techniques can be combined in adaptive antenna arrays to improve the range of a
conventional transceiver, and also to increase the capacity of a communications network by allowing



10

15

20

25

30

35

40

beam st eering techni ques can be conbined in adaptive
antenna arrays to inprove the range of a conventi onal

wo c@sseEisyver, and al so to increase the capaci t pCDUSH04/025326

conmuni cations network by all ow ngtighter spatia

packing. U S. Patent Applicatken 2003/ 0086366 to

Branl und e di scl oses  an n a

RoBhwaH o nt 5 Faba SpliaieoR ARE ) R EY Y AR SR an cvepive
epginygicatiotke mpthedh feb Imai-user pagieat tradiy wg?'@qmeyvomscwm sode preambles to
BN sBnaldtrdnBio rddho® unfat ent 6, 480, 522 to Hoole et a

(AT&T) di %Cé Q’g%ﬁt 6?1483%? Kaeﬁoo? ngtgérl %B\THXIEIS§§5GS a, stacked carrier DMT-SS

comuni cat1 on net onai n

SR me%%bﬁs?f’c‘ﬂfffﬂ'ﬁ‘g‘%%@‘“rﬁmeﬁﬁ’ My a’l"é%%lﬁ’f"a GRAS-Typo techniques
fonihierfdrerce naeclictmest bathad sanal separetio €41S Staganh$, 781,845 to Dybdal et al.

@\@B@ﬁa@é |Rfb.) dkcRses ard %H&ptn@e ?rgrgs brffenl REtBY wWhlch @kn adjust phased

1.1
\&ﬂ%‘)ﬁ,}% g?l? goto mb%cﬁ sgfg?]u S{] regﬁggéra%ctlve ﬁ{-;(:%sm Véhlchl V\r/](%ld otherwise
eed mwt:naém'%owoas pHéd aetentédw 7%q°|®vmweﬂ Iﬁ%aytﬁ'ﬁ?flé Sisplesgs gp adaptive

&rtdnng Girby @hiD juset & iMEreh basaiidrilerotohsbindcs eutCagnale components from the

{%Lt‘oh %tan ﬁuréhr%:;é éngg§ en”aﬁe rgébt%ﬂtfroéfr §4’a?ge?@@n$l Qource. U.S. Patent

54 90 U o Lo A L AR AP g DY PR o pmeotin

enegahad tac ghtgiro A derdback rsignalt th suphirese dntérteringo $ionals. | Pibe Phtert| 446,585 to
ﬂbl%ﬂ'(UéﬂF) Q!BH@Jé@ &n ra@@&i% bfBhrblPHEY ¥hRugRtdetr@ifigtic and adaptive null

%ee)nn%%r lrr]proved nufrflgonpé ofl' tPe Sl na?ése%mt (PJ SyS Bgtgnt%v\zgog tg éFu%EgePJ cgscloses a

oses
NSt resatnden SO hish e ﬁwcaafﬁ%‘éﬂ BER: %] Iy RERY ¢ ghich receives 3
SigHapires & firsttsetibre direapnsang nedhsmitss SecolRpsigrat wilh 246| F8Hetfigst station

J}(@'ctL oln Ok a(éé%ﬁ)arrgl S0P Bt sBHAP hiMLtr A MBeaf $eBY of the second
nistic and adaptive null steering

??ﬂa' ik ﬁﬁ?‘i?(}de?ﬁgﬁﬁfj *%8ntrol of the signal beam U.S.
Pat ent 4, 10¥e\&0Jesrite @qugqqky@qule@ns #dhepgiesarty it would be desirable to provide
§ 6Bl YatzalahHiissioh AREPO B Rlcramed SMpHding bntéﬁtﬁ&‘arrﬁ%ﬂvherem the signal-to-

%Jee%ﬁg (élﬁFﬁ]a%ls fdatg tténgn?tsmﬁr fo@l dog tg}@étcéén l%c?ﬁ'a%rﬁéedawhlle minimizing

tation direction and trans
@@tcewtsrn i ghher d'WF‘PHS dt WaY afsp berfissirablestp achiaye; i objective without the
chimpiegitiesorssocated wih beprimndt.array coupled to the first

array whi gha tdiadsdid, et rggﬁgér%ﬁiﬁde@cbletlh@reﬁwm sste@B&ttor various
ao& \)cgalh%\gﬁ%sn?%scnbed E)p e%nfnp Ctl'g?[—‘l I-E?}Nee\{ %u%sgétt g %egll ggweratlon of
plepsgielor’ dePrer A /’aabtaéA't“ﬁWrﬁ%@redPﬁ ORETRYBafios Logen, UT, Aug
po0ar OnRyY emailel hagahdiSiangsatfites NNA kg)r #rdyigcosstalites (1 kd)emake them more
5&09%!&?'1 Eoocﬁ%lzﬁ)eanﬁ Ei’atuhé?m l‘t§léﬁ}t N%on‘ﬂ@gﬁrﬁar %I@sﬁdn@& increased mission

FW&'W@@%P‘I’CB??% i°h d'8‘f'*?’ri§?9 e faékst ?né I,?gbsy? erwotm %P%#Ta]ssbngggarge satellite. An
adgiomaly enall-gatelith neverk elsp sedutsis diest Rogwbiliy ofivatgstropitie single-point failure; if
6 xhibiite i SHOGIcat BRk W hb shékeunpird @flacdfbnt idladhched. However, the

challl?nlge in c?asw;rr at 5] &{lb%lt‘ela%%apgaqght H)Jf\@rge &%L'gllyianc}yﬁgrﬁéaﬁly j’e@onfigurable

eRescip in[f@abllshlm ar@mﬁﬁl@g ad'yllqbfe ché§I|ﬂlf wﬂf@he&gatelhtes@tgé g%fwork without
a ptieMngasge atttheiripodifongi cosatel lite,” in Proc. of the

14t h Annu%mum r@ﬁéﬁ#%t%ﬁé Q{thH& @b\ﬁbﬂs mlfor%@nklhé Satellites that are

GG e TP dEsop R Potall BB BT 8 é%s"fk%'b‘ﬁ gy sRugegropping by
tipirprred groetdortrbipscagiwell @s Hesaitlitgs catside theueark mntnidieqipral antennas
Detawa liteFicioht, slvkr is aldrleliin azqmaetram |6 jish Breeagedionios S Gsteiver. In
I t t

EAL}/ ?é )?g sg#&%tsgﬁgi\é% ﬁ&%@&% %ﬁﬁ'gimgkﬁg% ec%@%te 4?&&9&5 l6§ eﬁ'rragylng direct
aut ononous srml | -satellite network al so reduces the
possibility of catastrophic single-point failure; if

one snall-satellite fails, others can take up the

slack until a replacenent is |aunched. However, the
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chal l enge in designing a distributed small-satellite
network - especially a dynam cally reconfigurable one

W0 2008/0204%8st abl i shing and nai ntai ni ng a rel i abP@&r/US2004/025326

crosslink with other satellites in the network w thout
a priori knovvl edge of their pdsitions. Omidirectional
cro?s?rﬂ(F w?h conf/?? ?nal ?lgsegagrgy %Fe%b Ceé—%ﬁ/évtegf r plcosa{eh e? D8 the 1080 to 1500-
BHRiC-9Th{2809, PEPGRESING RAVER ds M?'kab@@é%'ﬁl%p élyrtagnc beam steerlng would add
edesdy pidomgletity tathasisian negatihy GHeGuviHtagésadr the Bsnp@Slowedst features of
@\ésebéfnaﬁ%gt%ihtleé t $na9 lérsé 'bg %e§|rgt9e Iﬂ)e;‘ﬁr)ﬂ\ﬁc!’ekfor SQGE}é qétté %ﬁén@é@%h where the

ennas are al so inefficlent ower, Is rad h g
g{grra Hlnlog%fa %Wgard ﬁg)a[rgﬁtﬁglaanﬁeq ‘ﬂlalea] rgléqu lBtﬁrCSRt'OT ﬂg other dlrectlons
receiver. n covert or securi ty- sensitive networks,
SUGRARY ortieyeaadN on can be prevented by enpl oying

di rectcr 0S8 L\éc Jégnc\ew/v#ma ﬁrgtn ggﬁ %f%%lr?seﬁl%%oﬁ %%ud data transmission

ant ennas.
TSi0EH Praise B0t ey T e e B HEP AR Ll SeEPrgST Y @ystom it a
regsdnactve aamdtodijrad ra taniraisamnsdighelr peak) tomatdl the seakebt, sand taheelf-null-steering

hiayas iRkt mmlueealtﬁe&arga ahd$; aﬁnmtg %@hm W\Qﬂ@F a.ré&.oh@ erhe superimposing of

SRR 30 B LS B S5 PR s o
faeoet while gensling gtianreipggienal is §ie ohendiestions: nde sha aeky- Scyeiefn 6f tgeinvention
tat provideOvpechigh HiREERL udiy B XvEIsEall akBrinaEarials) ithts Zhdkig the system

Eﬂ%ﬁé ‘?&p&n\aﬂ rﬂla{fd?maenl\nrogkgﬁg %‘cﬁ %%trﬁognas or m%agénwronments, while

aspect of
BFrS%sé”ﬁt" % W{f“’é\‘ﬁ ‘fSBr Cap%{"t% QCVHF@S%W‘FP%IHE ﬁY%%‘? Thﬁé’t‘ﬂéate”“a arrays
pancogiindessatéd todethet in e sihglw layapt todwherdeduce sizegpat! whightenpl oyi ng
a dual seljf - RB&dnBg vkh' &Yse8dhat BePel bhind prédn® GhveRioh,| ‘éﬁf—steerlng
?eqroél %gttvg gtlarrm%Catrra?s grere %Feldnt]ors sselc&)re c?c’osglﬂlgconeﬁuanl%at}ogg\@%\geetn a network of

ﬁm"rp'atffeﬁﬂzaffaasrton@r% Eglesatetiicn) @anamwmv @.S@?fﬁi Rpifpdiseckvsyantennas are
dbl¢ @cdehgntbe difdr@onsal [ae liictipios raiy tehsreisdtataad Serginateplpeadk in that same
WFe‘an wﬁi@%@%nﬁil&ﬂ@é as@&glétedrmt’ﬁ' pmhgees%lﬂgﬁ% conventional Fhased arrays or

o noi.se (S
Buborg) BoSRnG grre e R sl p it wligbespygpe s
eighly imroreygs repricsecusity, b elsp impeaves tomcarmminigation fikeefficiency by minimizing
BaNRL lcorldu@tioRl ITE Gletovintolattl SeiRgedribi tor tak@omi@ldnteaatd in space, the

?erir&‘l’f}r%?trvf %P#{é r{rﬁ%é cpcg.llah% ﬁgﬁ%é& Suciﬂents%pzll § e£ ﬁ'ué A novel use of quadruple

as no
?rg‘f)'é'? m@@glc?raqach@}tﬁma%mqg@on g 'T‘aé‘"?frmt &%‘?W@e fgquirement on the
loed| atdillaler fossieency eqp@eaiet! yo maore whnverltiesss desgnsLivhe Gatbliito network for crosslink

éamlﬁqrxaaonér |3§n ghs@lam TV fﬁe %r?ﬁétn@dﬁ%d Q@ abr@y gﬁteeg{oaé.rea a transm|SS|on
n e ayou (o)

V\%I%gﬁ?a r%legr (?}?8?68 o tg & g mgggl -4 H owar pg C%rgelﬁ sregure hlgrl]'\ directivity
paresispien-i nventi on, sel f-steering ret rodirective

ant enna argteyt shjadt€ fdated, érmrad@eafagéseofmmbﬁtnkention will be explained in
e WEQC%EéIQJ]&saﬁ iof%FHe ﬂv VW%(/ Kg %Fere%@@tjo Ithe%lp%{nti&{ Jrréwings.
transponders I -satellite novi ng ran y In

space. Retrod| rective antennas are able to sense the

HRIEE QESORIPATONADF DRAMMNCSg radi o transm ssion and send a

repl y backrisnitibad sariBtidint@etidnoBs aWhigH@dttiviy @ansponder system in

exi bl assq Phase.2alf 5
gccrglvg X ﬁ'le preﬁs lrgeé{?r? gmglg)h nrg Qu ystlem otf a reSfrodlrectlve array and a self.

HWd%@%@J%@Yln smart ant ennas. The hi gh dlrect|V|ty

associ at edrled 2 dhowesimaaled @aghs e rafaticryisteimy ar@rsigyial-to-noise ratio for the
HJQP&%Y/%?Sté?I’?\RnYMn IntsHRGAMRd Solrce B0 @l SO i nproves the

conmuni cation link efficiency by mnimzing power
consunption. To accomodate self-steering for randomy
oriented satellites in space, the retrodirective array
enploy circularly polarized, two-dinmensional steering.

A novel use of quadrupl e subharnmonic m xi ng can

achi eve phase conjugation in a manner that rel axes the

requi renent on the
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| ocal oscillator frequency conpared to nore
conventional designs. The satellite network for

wW@e@ssi4mk cormmuni cati ons can al so enpl oy the PCT/US2004/025326

af orenenti oned dual array systemto direct a

transm ssi on signal peak supefH nposed with a janmm ng

signal nu owar d for secure igh .

di Soct i vi F- e fieded B opteBisepfitiio g oy odes

advant ageElGo# istalgearp sf@gfmponvmlembssmdw R ispjatiop gpsarement results.

in the f OHGOW\ RG sdintid &@ré}rﬁ‘&%rﬁa&& icObuiredtivé Aeayiconfigititiodand FIG.

B DA R LOLERAE L bosk G ARRROAG A BfhelldRon, BRI EF
i 11 ustr at FGn6 dpstgten &) BxaPlect ¢ ﬁ;ifaflgp ’f‘?aéw%arﬁ a%tvp @9@? ssifodiestive

dant sefomrsteleingerravist h t he present invention enploying a
dual syst e, @A ifa Fres,rr &CQMRG\%t g vﬂfhrtﬁé/mféﬂgba&r S&Jnfema'dlﬂg'broadswe
F?ég%;ﬁl \Plg‘lt elr lﬁttg‘%??ggf sou%(l:tre1 8% and ﬁé%ls w‘ta‘l'ﬂht.g 9 Fogato}g Qc{urce at 10°.

on nal -t o- hol
dual arr a§'GsyBsisetn S\ﬁh‘eﬂﬂﬁf‘t"aﬁ'” %ﬁt"é’r Pfo@d’tef"‘ﬁ’lj‘ Qfoéﬂ“%'é"aéff’rm tra“Sp°”der5
(FiBoskteNRes)h SpacBing séiegeatilg drays far saavedropimd semoanigatigat | Ng
el enent using Schottky diodes. FIG 4 is a graph
showi ng conversion |loss and | F-RF isolation
measur eneflG. Pas alsehsmatie| diaoraBofi asphaseseshiipriing &rrayi Leije ghghgmonically
RmPébrhikers.et rodi rective array configuration, and FIG

SBis a SH&EWEI{O&/S me%g{eﬁnav E faﬁl amp}%lraﬂel diode Fa [, mgtchlng networks at the

sel f-null-steering array gura I on.

9 g &F Pﬁ’f‘%é‘”%‘?‘?“%@r?ﬁ?r%até*fe % 3ng Pgﬁ?%ﬁc"’i"?easur ement
set up f or Flahe1 iletratesh patahtanteenagtecheste| f - nul | - st eeri ng

arrays. Fkfg, 17éohvsa arcglﬁuﬂmala@fed HIER- éh%pedaﬁ]tgbﬁ'lpVMatch ahtbda array.

i nterroga ur ce |
the inter %g{j A? glfstrgtgs ase gupl?% bﬁ[?P Ca'géé m&sis&em‘?r&o? A relsr?cwl (%tlbe array.
i nt er r ogaFS- d60m¢e skaw bigtgric rpq@relgeqt% aty0°s dRBaRd 0° for the given

dxbhpist ration of a network of small-platform
transponders (picosatellites) in space using

sel f-steering arrays for secure crosslink
%@é@%&@%@—m VENTION 3 schematic di agram of a
phase- conjpodastiafien chthe &t aseéatof teibteationtimshewn InFIGUmpetph-directivity

tmngf%ﬁ&ar Frdtben 1d0seeVRital Bsils@ eRpdsNGoafpes of self-steering arrays: a
rgtpc%llrﬁé ra‘rjlrrlale/ % fog{r%‘g@lttﬂga data Q?.ﬁﬁ?@ﬁrﬂsgdn%‘é‘twﬁéak E@ seflf?:gll é‘ugnng array

?er@rq@emiﬂ&a lPmeingjsiana| ¢4t af"éf‘§t98 Nl (¥RENBPSR ATRYS BTedpigfpeated 14, the
etrdGirecliz atapwe tanshiits @uwligaslbgar eftia p ipe@ddirecteds ®wsard dipeidterrogator source
(mdﬁétgoslgyf th@ccﬂﬁr‘u@@s Iﬁ@(ﬂg%%n)aﬁ/ﬁl@fhe ol gﬂ" sle%ruﬁd dria§ E&rAL 8 fanfhing signal

7 arporepint 10k g f 4 sr Fe b et magluindeayd t the ceshed ine
wayafonm) e e tosregaptian, of #(latagaignal-peek Juperimngeedinviemie@ningsioaal null, the
iRdBrFdyatof=En [ iGdRl T thé N Cdfatal rBiMBINTtKAM sifFerinb frtrd tHegdnhrBing Odnal. In other

i.’%&ﬁﬁé ([.)Lﬁgld%agfptﬁg tnulFBeam%tH E}I Qrwnfa? s I%ﬁ? ?QQW’]exE&dg h’@( of thé residual

EMANIFUSE FBTF é'ﬂﬁﬁ%f@gﬁlmg mt@gﬁﬁ@@ﬂ ofhesElpi. g @éf%?'ﬁﬁ" ehecively provide
Quperejoh dirgctivity at a high signal-to-noise ratio.

FIG. 2 shows graphs of simulated radiation intensity and signal-to-noise ratio (SNR)

for the dual array system with an interrogating source at 60°. A peak signal at 0 dB is superimposed
with a jamming signal null of -80 dB at the interrogator position. As a result, a very high SNR is
received at the interrogator position. This example is based on using a simple four-element
retrodirective array and a two element self-null-steering array.

The computational relations for the simulated example are derived as follows. The



retrodirective array 10 for transmtting a data signal
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wo eoostoe@Ers M tting a janm ng signhal with a di r eB€BUS2004/025326
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null. When these arrays are interrogated 14, the
retrodirective array 10 trans®i-ts a signal beamw th a

ct rd t he |n errogator source
B b e R MR FPRRE WO or - whi l e ¢ he
sel f-null-steering arfay sends a jamming signal in
ot her directionsin wivtih a null directed toward the
i nt err ogat&t itndi cat ed)by the dashed Iine
waveform . Due |tsh te ption of the data signal peak
superinposed on thé jamm ng signal null, the
Whére -0 ads O k- o:C alﬂhe cdeaapatbrabe bddbBhed ie‘vtEwl‘i’eﬁ\t RA=b2 N addk Yherefore we can
thoufI éjf% fromthe | amm ng signal. n other
e 8 gE?FS"ferP@aﬁ’?ul | beamwi dth, the janmm ng
sr gnal powe#—l@meed:s/z\t hat of the resi dual

conmuni CatWIQJﬂ tﬁé Qr%l is |Ilhrhﬁe(t§cp¥rthdénsiﬁ@{r6d;gngl &# g”?o%pgr\ Qrﬁbre @', each

Therefore, the systemcan effective
SRBRY Isnpgiedarp cchrpaieseiye altase ohp gt @F@na hegefray diesrsogressive phase in
Bk (2)fchfbe gerﬁm gﬁcﬁr@h@r/ﬂf toShd s &fiu ﬁ?bf%é rgaarvgd srPnaI This

cantt%nasé gda}m tyﬂ noi se rati o (SNR
ar'r 2y? Byt eth WPYHO SH n"i"tgrar YRUEISNG PABE R Bhase-cyrroatng mixers. The
ﬁéﬁwdﬂtﬁﬁmtlnaﬁlgf@'@t@eﬂﬁh slapent pirep dsaiainent artzy & | anmi ng

signal nuly_ of. cog}Q dByat the |(3jterrogator position. As
aresult, a ver gh SNR i s received at the

MRRR A S g‘atparser%%? rercerrﬁd infpifogatiag aias @ thesn-Hteanto dsegieriep LO signal
SopiddtPbfnh bRMENS gfmﬁgy retrodirective array and a two
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el at i onZef ke THe Skl at ed ef mpl e are derived as
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Ird’Wtf"%%ér“ézPBmé’S(\We”éHr{Nbl ace anull at q=qg wth a
progrel;, E®S(mmr)t =¢,,+2nd/f‘c)osj(51}2 p / (2) Wien the

arr ayz sy | L%«@%&me Lf}ma]m) interrogating signal from
an angle q' , each el enment excited with a

progr essi Wenephagse 20f., zoK@g054, )!—4,) Tekefrase cofdste of the received
ressive phase in equation 2) can be generated by

St NGBt &'t P SHeReRd einaptignate isghe piiage pRgRts @fjthe received signal

"isgryabgressine shasant e Nach e nbyshapiploytiung @ mvheOeath bitertha element

HURIESE (USRS, HA RIRIEAN ugaling m xers. The

recei ved interro atlng |t% at the n-th el ement of

an /- el emERt 2 AFFEG G aay) Migrrap &e ypohieved % apdeaH kO fheach phase
fogiogstay depupin e eatrasg ointey. i ngwallaprbach lretha iventieh @ntemibe diodes that are
AGHIERppdaRenL4D e%brgé]éljnenagﬂqhé Sebyt Qh@@@rb tﬁérﬁ%f@d ih Bhadb ¥&Nhe current
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arrd

%P%‘gk%s‘élrtwwe mfégféh%rrcw in syrpagiric conisureion Agjteprigglieancdliafion (ie., a
qgepee null)ig obtained compared to the rat-race approach.

FIG. 3 shows an example of the novel phase-conjugating circuit fabricated on an
RT/duroid substrate (er=2.2, 0.07874 cm thickness). The circuit was optimized for 5.8 GHz. The
heterodyne balanced mixer employs GaAs Schottky diodes mounted in the same direction. RF is
applied 90° out of phase through a branchline coupler whereas the LO is applied in phase. The
rejected RF is dumped into the terminated port of the branch line coupler, while the phase-conjugated
signal (IF) is returned to the antenna port. To test the circuit performance, the antenna is replaced



IF ( +2np IN) cos(( - )t - f +2np /N) (5) ~ - - VRF
V' LO+ cos + )t+ +2np ) Wien 2w, cos(( - ) - ) is
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the | ower sideband of equation (5) is the phase
conjugate of the recei ved sigfal plus a progressive

R/hh glrec 1cwalpco pler. IQI-QQ'TF %ﬁlieg? Gnul %pﬁZsla %mg dc IPdJSI%naés (g?'—:t1 é 8 GHz, P o=5

enna arr y 1S T
9§mh§e PPHHFO' 19itha bripnsecomviert Theewtrud signm iseheaswad atithe ggupled port of the
tiRdcBonaladudie. asdtcaveslorDyssaipp IFyRMgolation Wak tneasti@iangd Ba86wn in FIG. 4.
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bilFstiioofiprocaf B Oneeripleds. 30 B “rdsFBf sl Vggused o
Mepssirefgal] Ryrpeses oply Gandiiy rela' &yserd Bhg Caarreéfr%wpmqleé @f e afrdye must be the
bahedaaiet theispetra ovERSD dh fikdr. SHeQ@hi-té-BoiddRaBWae defibd 4d1Be power ratio

B&H&Hneﬂ% %‘HEI% errt\ thteh%ro?ibr ﬁ%_*aﬁa% |nuIf“sct)éé‘:]ngee(rra The

conversi on [0oss an i sO atlon was heasured and
is shown in FIGp 4. The conversion loss ("X' line)

remai ned al st pconstant, and @t the sanme tine, the

| F- RF i sol ati on {'B6f*d dotted Ii ne) remai ned over dB

Mersyepd S(heatigm piecsshewrein fk$e YA @ figjerrooaiing Isoysess® beppdsidso’ft’, and -10°).
Fh3s/Mipzak id Waa@! i e RifrecPnCF G YR rogdtsraGe Wil shan that theSSNFIdirectivity
‘s@ﬁ;ﬂﬁ&mn %&J&%fpé%g tc?ihgtrg?ﬁtyﬁlcgﬁoe%?r%é’nt %Rgdlre%tlve arreg/ As scanned

architecture | own i_n
PYEV R Praedelde P clipiohe 'avet Rgesist-e TAe PIYRBU R 3‘8 1y, clpents i the nul

stagring diraygat idetarmirse ithei degth akthe ayivcembe iDpadved by better fabrication processes,

mb@gﬁfgqm/ugaﬁé@g,km xers. n FIG 5B, the diodes in
each el e nul | - arra

'Tel’ﬂe reQrodlrectlve and %eﬁ n%ll%%?rmggarralys need ?t%qumﬁé in seqarate layers

opposite directl
R iMa beyinteprejed prgq»gamrqog Cléﬂyb' Thegugl ﬁrrzpﬁ ggt@mlt'pﬁfprgnt (true vs. jamming) data,
B el sgettra bi thétralsitbdadrals atelkeptiid@atital by transmitting at the same data rate, thus
disabling interception. The dual array system ensures that a high SNR reception is obtained at the
interrogator source while disabling interception in other directions for secure point-to-point
communications. The dual array system can be used for short-distance wireless data transmission
systems such as wireless LAN and RFID servers. It may also be used by satellite TV companies to
prevent piracy of TV signals from satellites in surrounding regions.

FIG. 8 illustrates a second aspect of the invention in which self-steering retrodirective



for ratrace coupler or extra delay line to create an
anti-phase LO signal, sinplifying the LO network.
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interrogating sources at different angles, as shown in

the neasurement setup illust rdted in FIG 6. The
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essentially random Using retrodirective arrays, the
smal |l -satellite network can direct a signal beamto an
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satellites. This avoids the conplexities associated
wi th using phase shifters in-énventional phased

Y r ital nal oGessi in smart antennas.
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cm. The neasured isolation between the F and
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Tpiptpin apPPagicyaraptativhal bottets Reedireglive afFaysiagthtabir efpdringSsolar arrays can
KeH-bpliciGh £ EskbiRal hitade od hd SiF5RF ﬂw@‘ﬁ&do‘éét&llﬁe |sﬁnpﬂ@|hé 8268 :and reducing

Iﬁlg&n Eﬂ%blérﬂ ldt?‘é ':coattlﬁs ﬂﬁé‘%%%gr?o%é so%’ s d{o %epﬁaé) %ucﬂ (rb osatellite

('
%%EQ%SES( Ieaon s%ort t‘“ﬁ%@ﬁte'ﬁf*%wgh {Joﬁ'@r gsssem Q)g r;epqanalg_sgnce weather
tregkinga btohgr caingupBororan&tedifes Sedimatedit aahih tdmenunicaieas. arr ays

are ali gnﬂgnosa@lﬁie@%l@réq@i@%édo%ll &del btﬁps@o \@,@ébli@!ll Sag mexpenswe secure

Aoy B W 2F g e AP et B g ovs fom
%@few f% panoghtetitent Tod inetrensiacngbtiog pash syfelfte enablee the launching of a great
it sef 6a0saigadsi im gbnpretise/ orbisN Al c@ibiddtiv® 6F.on\BBArl @nd §18und @orf¥id station-
B%sé@soﬁ\mlrg %S}mﬁ&% mbéf}éég W%? Il}@ uiaent]; %@%@w@&ne%%a%elhpes fo ensure
X 4 array, other factors such
| nt ernal housing size, weight, | ocal oscCi I | at or power,
etc.) were taken into consideration for the array



architecture. Configuring 8 antenna elenents in a
cross configuration was deened to be the optinal

wa@omvsioggamt i on for the particular formfactor, PCT/US2004/025326
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requi renents on size, weight, etc., and also resulted
in adequate retrodirectivity-4 seen in the bistatic
agdar, &' GLiaon The signal strength
gepen ‘%§§¥ﬁ° Famwuﬁxgﬁ%ﬁﬁsmhlch in turn depends on
t he Iocal oscill ator power, receiver sensitivity, and

Sadye TativerCopafuaing@ibes S. The si gnal shape shoul d ideally
bea beam Sé@@t;rla ra@ﬂgu% rét%dﬁ’&@;e aﬂ’gyllﬁjllgp% téd’%(ﬁcl)dy c&ﬁd ﬂ)ésused to ensure

Heh Biticb Peioeruely 36 sgre oo piagen 86 @it The rados would
petraisate ypieg 3 rfaglaboarda Bigh-Bipehget, whtellite.amoimed aer@hvebigle, or marine

gasedldeick by SthtRdn Wa@ld dnt=iO8hcRBioR bnd/atHeBticalidn Giyokitms to ensure that each
Q%Je o?ﬁa%%lsélc[nqg%ﬁ@ ?Hor%% 1fr|9r{d a/e q\?ug arr%IQec%MI{yg&lo@d be used aboard both relay

m pin
a"ds%ﬂgadﬂ"feé fwe'e*ﬁfea a dh%é'%’labl IslRprRRsHin raé&me(/é're&vqnay B § system could
asvidepncodeitheturigrisatirs ®i tioenloinETactical Raatoedybteh eurtedtly being developed by the
UelDeRfeRGE DSb@pal s over the entire 4 D steradi ans of
space, retrodirective arrays can be placed on all
SI des of a satellite. Alternatively, retrodirective

eh25d Reserie/Bpemyihacatierf Fixinocand @raghins housi ng, but can be
depl oyed samm/d mburltedl SRbAIanadifc@lt Sor UnhahidalAstibinteh@le (UAV) could be

E’(ﬁ'lrf t@ro‘%ternmr{aI %ﬂlmtﬁl‘ffq g ldf {aﬁ"t taﬂ&ﬁ&éronUsﬂb %b&lglgﬁ 'a series of azimuth

sat el and
feﬁf’ %‘i’sraﬁg AP PR G7F L SPB Ty "?c‘il?é'a‘ﬂ WY P PRI 1) RitpRET Hegridlgcation of a
distows [tremratited ePush disyripnoeputdibe useide rap@liyeastts aaindned aircraft, by fixing on the

a@r&h be@lckORSaifcRkt irf mﬁrémﬂerg%ﬁiyﬂ)&dt&Q’rdﬂ%lmf kTherbystem could also be
r grlggrr&(l”car; %st%%g 90%(00%?1: ?ﬂnglg 8eneratt d%r 'en ?IO Séstems thereby pinpointing

§fp?ﬁb/é>caft°ﬁ%a'\d@f\%@ﬂ *‘r“é?,elqi’ alegtrikegypr @thwaevgoﬂeieraé@nar ly
pol ari zed, two-di mensional steering. Quadruple
] %m&m&t ABriXiRAFiclk U G}ﬁ@ BofRarRNc &b Sl iRYEonIBaRR:Of

achi evi ng has onju on when a frequency LO

is not fe t%Y @C% sin %‘gBI Recal & beTﬁ%‘trg ‘?ﬁlr?m@%%eﬂe?‘ir‘f“é and safely.
Reftodimckvecaay/ediisyag Fﬂghwgt e abge drbHEANe rdesive cantrohgignals from
&ylstcﬁsﬂ’bltsaatldi Wittt j@mining MG pB&htRNhdtilg iides ﬁﬁ‘&ker locations. Moreover, the

%U&%E Eﬁp& d;ﬁg t%ttsnch%éméa? §én93l4%n£}}d!aéd t %@& gecg Ue? sites, with data

et an anm n
s &‘m?"rf’a‘ea@geeﬁwf'%@@"@i HYTW”é‘gayotFChﬂ?J?‘?é(nﬂ'l o A ﬁﬁ aY i be able o
sq%viely eonreibas UECAY's ftames eafe distante,i vaile érsaingrcesmand and control of the UCAV

m%%& @cé bitd? abin Wlh& fibrh %SU(N@“ Oﬁﬁtf@rllcltlér{aﬁ can be used to extend the
‘Sseil ssaolf @e%’&%‘d?tgrﬂ e otr}g migrygjéb& éqr%;baéra; \ezla&gcgl:r?ri}ly gﬁ)a%{;ast without these

gHPItRAey of sci entlfl c, weather, and conmuni cati ons

tasks. These nanosatellites will in certain cases be
Bhlertbdagid.ormsimlar functions to that of Iarger,

nmuch nore expensive satellites. Communi cations aboard
such smal I° "@EF@PWF‘P@Q"”% defectjsg dpicen AFraThHIH o FYRE &P cargo airplanes
iRease dumiers ¢apebedittedyitht wirdriredtiog grraps.| Thesn abviees tviieisaye small on-board

etk s lwith Gl&ubmp@@m&?ﬁhﬁﬂi B tW7.‘§ Rougd. QbHadl dﬁﬁéﬁéekj %rmg aircraft or UAV
|1t e Sl n
Xgn dpdegénla?r{tl%gl'r?én%gate ea% cgew?e % de?ermln 918 grppe&]lég e\gﬁ%?r}y otger weather

0 _conven
FR?(S?%%?%?“ a '?fﬁ%mi*@@f ?fdﬁcﬁ‘*é’ef i The reteodigqstive teshnqlge san %ﬁlrsaw conjunction
wih the &ASr @irgaitaombeat haiystioaxesystvhend kiheal adney hebirifAgevices to
&RERInD baFiRGard TR oPELRh tde\ﬁéécg}]dtﬂh@éforb tle IALRGE %ncﬁlﬁﬂmq’or each. This
one of its axes. This will help cut down on I aunch and
desi gn costs, and enabl e the design of relatively
i nexpensi ve boosters that can be greatly sinplified,
as they will not have to performstabilization of the
satellite itself prior to release. The satellites
t hensel ves can be sinplified, not needing stabilizing
thrusters to



mai ntai n any particular rotational pattern.
Retrodi rective arrays and their supporting sol ar

wa@eooapzo4ean be applied in a conformal nature OPCT/H82004/025326
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20

surface of the nanosatellite, sinplifying design and
reduci ng m ssion problens duelto the failure of

t endabl e solar, arns tao depl oy.  Such nanos [ ]t
SRR P e R st R AR D £ S8 1o UAV, can be
HFes'ste gletermiee gynamiscisnerpivrsirsatber netiernhdrat wowld Kielrgrinreint hytspots, or
oWicara fisdfPPOIsivhizRBIRSRING ikd h8DeMeslieg.at ed to earth
comruni cations. Nanosatellites thus equi pped will be
abl e to establish an inexpensive, secure
: constel l ati on, which can support
end-t o- enoﬁrreedirﬂpﬂina devings.i QCIEI'DI?GO rwéth m@iom'gacih/@pgajs.rammtemperature, salinity
R WAl |pfe%ﬁ1rqt Reddditg SRls@hd bth& detdéiBn HAVREPRI WM, @R BE dispersed by
(e)ufrcr %tacﬁ'hshllspsa $ner!1a|s|s tnemﬁ r}sa blI‘heesse tdebv?cels %leh%\r/]el pegha(r)g{)ea?le %gt%%gs and conformal
nunber Of nanoSatellTT'tes TN Nonprecli se oroits.

SUMFTARPINBIS HENSHR-CRYAYQYS ﬁPﬁﬂaﬁQF-OQH‘a’ disppEed an orbiting aircraft or UAV can
sidedehdentainedogref ¢ashrdevial g @eletnfimesthuvitdnhpetz@ire) serdi, Bitnospheric pressure,

QuRRd & alnky pdrShi&s b Abfdk Guisd: WeRRiBRN o8 t&lokitdAe téBnology can be
ensur ef | .ow. of ng to rer e around k

,a%a, 0 rerout 0 _ﬁ$ro en _

FP3618. ORI 0P YY) OTCHIRTRIRI R RPTE e viesIRnT @YYy PRl siana! tatency
measyng ¢evicesclo delgtninechearingzapd ranb¢ ofsgactn gevice cand dihengigre, des Udnditude and
Mtuﬂ’é}ﬁd _eéoﬁ. RS Wa, bzhlffﬁremnfy eath Q%B&édd_‘&@im&lﬁe{@s&lf along to a control

[ e ri. r.adi ,

B85 o5t BELEEL D OE AR E8n 0L g
Sendtipngs ¢This dngy dplPTpling eRiTAATRININ 28 kel SROISHYIR nih cgipcentrations of target
eEcien eSimis Selices Tited witke biagetestiant daoipment eyl be weeti &i track the spread of an oil
SIRK oY RtHeP BordhthaAtt REAEC Bdth @Bh akOPkI JréUiRd 1o tRNRkMoRal Oceanic and

t.hat each nade.of transm ssion is.valid. froma

AR RAT DG oo B RRR! St e Gsev @it spape on ses
s¥dionsel ay and edge devices to ensure that the signa

is jammed in all other directions. This system could

pr OV! de ang i@ﬁ)%geostﬁéilﬁ{ei p;rixcigl&actf Wean_EIQioﬂ, WLﬁ) iaQEe cribed embodiments,
Tacti cal System current %ﬂaelng evel oped by the
r

Radi o
UEEEp 2P FREIEIE 1thepRhR eensidged BidTRPLE A yeRRA}S this invention, as
defoed in 6 fdpwinngaimand Tracki ng Arrays nounted aboard an
aircraft or Unmanned Aerial Vehicle (UAV) could be
configured to determne azinmuth to a distant
transmtter. Using triangulation, a series of azimuth
readi ngs and an on-board GPS system the device would
be able to pinpoint the grid |ocation of a distant
transmtter. Such a systemcould be used to rapidly
| ocate a downed aircraft, by fixing on the signa
produced by aircraft in distress (Emergency Locat or
Transmitter). The system coul d al so be used by
mlitary systens to fix onto signals generated by
eneny radi o systens, thereby pinpointing eneny
| ocati ons and enabl i ng subsequent airstrikes or other
appropriate action. Unmanned Conbat Aerial Vehicle
(UCAV) Command, Control, and Reconnai ssance Mlitary
UCAVs need to be able to be controlled renotely,
securely, and safely. Retrodirective array/null array
technol ogy can ensure that UCAVs can receive contro
signals fromtheir control station, wthout janmm ng
frompotential hostile forces at other |ocations.
Mor eover, the reconnai ssance data that such UCAVs
receive can be transmtted to select receiver sites,
Wth data signals in all other directions jamed by
null array technology. n this way, the mlitary wll
be able to




securely control the UCAVs froma safe distance, while
ensuring command and control of the UCAV and secure

w0 e@siopi44df data returning fromthe UCAV. Thi SPCT/US2004/025326
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functionality can be used to extend the useful ness of

the Predator and other mlitaf3~ UAV prograns, which

VE, gntly broadcast w thout these advantages. Forest
Detection Smal |l tenperature/w nd detection

devi ces parachuted to ground from cargo airplanes in

Mass nunbers caNsddre fobtatt@fbnidsioR systdnt @l irbrRGitinge @dtd 8l with high

I&%ﬁ«ﬁ%g@% %‘%a?r%é‘é% le Jpeaa\rfﬁ?remg he‘ﬂﬁ}ﬂ%@%ﬂnt?@é&ug{ L &foridthd: N

Zlngggr se SV\(E);% s%fr%Pilqgnl@tr%illr?ceyea?rfay 69r rmymg A interrogating signal from the
tanggbpdrirdesmitting & deatasignalgpadre wieechealkl dieicte @ bach tadetdainentanget; ande

tenmperatu r(@), a WIffhdll ﬁé@xn@ér“b@ rforV‘&@itnh@fhe Fﬂﬁén%ﬁﬁﬁ& Eignafrorfithe target and

%rg{sﬁqtlns qn conéunc IOB wqg salé relp chd‘ r%cg\r/]e arra(\é talr j%rﬂrlm\rl\ﬁ?% Hna[Y |éh L\} di 6ected foward

gieﬁ%ﬁ*eéﬁ'idtg‘*lé’ﬁmlﬂéa'ﬂféﬁ' W@(PP@HF‘F“G’FP&I system and si gnal
| at ency nedasteby the talgy canascelve trdai@rsighal @edkeupéringosid tvith the jamming
g Rul®S meaRLe 54l te%o.s@mR RES |ﬁ§'é35;§|on fuhité tillqurgﬂnfhé‘ dnaP@ent in the
%ltu e for each. |sdata gat hered from'each
P SEFLRY devi ce and passed along to a control station
by the UAV, can be used to determ ne dynamc
t enper at ur®e/ weat blrePdtitd @4n3misibabyswatl beboRiRb Po BIAMAO0I, Niherein said

'Fb‘?r%&ﬁa&ké arreglr haE Eé’“ &Q%r?g %\?gnefn S aﬁ’grgeg Plto$£ %ég{}hén%@ggl Fr?u -s%grmg array
hsst P'ﬁ’@'"%l @9m%fé%afraé%ﬁ9ﬂrpis@tﬂerv\ﬁyﬁﬁn raéﬁ%wf%%rﬁrwefaver AR

and tenperature, salinity and baronetric pressure
measuri ng 5 00| 5\ @é&dreoéalﬂae{rargﬁrsﬁ&{ b)‘%ﬂsnfjgc\/cb@ﬁ t8Claim 1, wherein said

re? n%réa(?tg/é a:ﬁ,Ye Sag S%,P We]nP th%c__b%tei\%l&\hsgﬁ 6%358? gfgmelﬂs cr}asal self-null-
Efa%ftnéﬁlif%’sn @PRﬂ"Wr?F@&“MPUtsoI ar array panels to ensure
conti nuous operation. Once dispersed, an orbiting

aircraft of UA\& Qe%l]re' &%Q%QEQH Yyt Q&:Brg&etts (ﬁéfr‘ﬁm (Wherein said

device to dete t he nper at ur e,

piradiggfpe a"%%{‘t’ r?é'P Se'&?“"c?{eﬁ@\g P8y ainaranasd i Seqd I%aﬁ‘es‘gna' peak and a
fecoinarsigod! nilogitte) SHRSY the hRage 2P dBlprasester {owatdditshinterlraaging daget.

be used in conjunction with the UAV or aircraft's

on- boar d nSaVI g%t Aeg{}éa ldadta ?gés%@sgrp d s?emgarc]:gc!rdllrggtto%’]a%( 1, w?erem said self-
measur i ng devi ces eari n

Blcstpepng AR hasssflf-Phapse elepreris and @(P*I‘aé?r@‘?“tuaéf@g Syt IC%[T‘Rr ipgloRd Schottky
Hiodes@malited dipbsteil at edch gptfiphasing @lefnei ot tBélGrhadeoSm& c@edt flows in opposite
BRUIREWRRG IRARREIR (1Y) dighdPis Bphidth blse St @l 1 on by the
UAV, can be used to st ugly or predict marine migration
patterns based on environnmental conditions. This may
hel p fishitg f lAessEye dain ravgmission aysteimkadegrding it Glaip . wherein the dual
Birgyl3ystanis apllie ot @fStra@EmibsinGed sHdRABIaE. wirbles8 daltraflEMésoR System.
fitted with oil detection equiprment may be used to
track the spread of an oil slick or other contam nant.

Weat her ddta c&nSe4irs §atp&apsyingioe &xstempadceiaingyior ¢'aiMal: wherein the d”a'
Ay apstan @Epplisd vodgidhiemsmoisskoirin asadlitaTVv sntemndnapitv@ra narrow beam over
WRRE BRE IAS8RE pRscy lbPT\§4 RIS e b dishe sWRALARS a IR Eesonbased

on sea conditions. t is intended that the principles

of the invention, as well as described enbodi nents,

vari ati ons$- and Aafp'*ﬁlFrP gl iragiissien System ansordion i Gaimell whgrein the dual
wirdyl3iydtent B @pSipd foi éecara dats ear3Missibn ih BhySonk BtBOG OO b aBiSications consisting

Qﬁf(é) n@ﬁios.bt@llilre%mmm&%\ﬁs?%)Csleajré%cggaﬂcl}@nunications; (c) search and rescue



1. A secure data transm ssion systemfor transmtting
a data signal with high directivity toward a target

wokiose2reat | y reduci ng the |ikelihood of intePCEPE1004025326
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conprising: (a) a self-phasing retrodirective array

for receiving an interrogati ngf-signal fromthe target

E}nd transmtting a data signal beamw th a E)?ak , )
f:e?,tlgla:ﬁx&g a}gggﬂckf\%\/@mhtﬁrﬁt@gﬁg?c&&n lelag]and(tE?fkl%g' e) unmanned aerial vehicle

&V cerhandsandeqontrady (A rferesy fi feaﬁetqctgme(g)mpagnq based tracking; and (h) another

bpli@kisrOg@linng GecateddMudisz@shs WAk higrRgigal dirdaliyt r ansmi t ti ng,

in conjunction with said retrodirective array, a

jamming signal with a null directed toward the target

and the j dmmi nd $Pgh4re rAnsgisRig? Mathpe for frgnsanittingfedathianal with high

tdll‘eetl\litsatogaﬁ ataget whikareaty redueing the dkesihogd af intgregpkion, comprising:

sune;: [TFOS(ﬁ)derWIJym th&rlo R marog.r_eggélaraay kd ret:&vena%inmrgg%nng signal
FRhe e anianenia B bbbl 4 SSPRLLRD MO o

sec ur e dat(b) eTRigYiDaiasssl-owl-siapancediay de meelvanie tinkerabatingnsignal from the
wﬂ;@r aidnrasaﬂmdmrceﬁmrmﬁﬂnmetatsw Rtrédieétye Biesy, $Rhingl3@B4i A@h a null directed

Fr;a-%ﬁett?r?@(raﬁ@mg%q‘d ing S@ﬂﬁ in oﬂ‘)é%n*ert@ﬂg sai d

teerin as asing el enents
ar ranged i'HeEROER gqrgqt SPdroelh t"Fa?ﬁBéEf‘%pFﬂ‘ pggimposed With the jamrming
sigial o4 it metinivesignal-ayoise3(SNR) eiciu regerdiat whilerti@igmmiss signal is sent in the
sysldgsviarcording to Caim1l, wherein said
retrodirective array has sel f-phasing el enents
integrated with self-phasing el enments of said
sel f - nul | s'Peer iAngeur Faly rensmigsibmeiaRe acFereing o qlaiy Suheredn said data
Aigreat pask eandl feivenig gnainiusl sfeCsentSith taeBNRGICIHE cinggoft 20 Clgesater toward the
qﬁterg\@ag,q Resai d retrodirective array and said
sel f-nu -steerlng array are arranged to send a data
signal peak and a janm ng signal null with a SNR in
t he range 6f 2@ usen for grcrgtceassiinloogamelinichtions integewodenf pmajl-platform

tréfsfitiers Movify ARdbHan shataicdnipagisd?l ssion system accordi ng
to Gaim ) aV\QEI:[n% ng 01594159‘ rﬁ)gaﬁlwrnntt?anonéetrse gegchr"gwﬁd' E%(trot}?e%tlve antenna

sel f - phasi ng1 nts a ase-conjugating circult
erSridsteeing fre giprgen ¢ gn HFQS‘H%“W&%*P%%P"@W%?W@P? regponse signal with
e aeth deitefd-bptictswand)the Hiesgtiantof thé intelregator signyg); asd t hat

current f |(9)V‘§a|d‘ @urgﬁp&%hqtaﬁpuglforne@sdsgme.%bé@t.n@ tJ)gQEn@rl as a network of
{ Qe & N3 aRuLLS Tt
gans%ondera a¥ 8 cki e q r‘ﬁg ransHonde S estab Ia:re’goar@ main e{mlngd re lable crosslink with

ransm ssi o
thea ether ﬁafnsn@de@aw'thalrtraalyﬂowgw\fé?ﬁgﬁ f msblpiownﬁ 4 "a%rtnéitenﬂv sending an
InteBrbigittr SighaD fd dnB oBm&rh 6thér-t@hspbedeBaanthiviig@issSond @t More other transponders
e data transm ssion

gﬁggzﬁﬁgggdﬁgﬁk%g;ﬁ \%er ein the dual array
systemis applied for data transm' ssion in a satellite

TV syst em2r andyrystern frg sezunegrosgink trmamnigetions @ awietMorkaf erpall-platform
tr&hs Pin@ME RbcoRliga6 YeIdth 17 MytietegNatidndtiiork BOkABSondiS SO RehisdMg of small-

et r 8. A secure data transm ssion system
%&%:I@Jrsg 'towe?'gm&ﬂa im1l, wherein the dual array systemis

appl i ed for secure data transm ssion in any one of the
group of appl i ealystanr se@nsicsisslingcadmunicaionsiaroeatosd df shal-platform

G EHIPARES @&doRi to €Bim @e\ﬁwe@n &%W of Qﬂmwlll%@ta?e%ﬁosatelhtes in the
AR PR ol SEUThEST TPl ognd, r2ckin: ()
% f'gcfraé' P HBERT O 1'F X hGTURE ¥F acki ng; (e)

unmanned aerial vehicle (UAV) command and control; (f)
forest fire. detaagéted for sdce cRRsihkeombamRetiohs a@kiem@tk oA Brflall-platform

(rgpsn%oﬁgg‘g Q(%rd QQA blgﬁwt 1I Oﬂ??FeﬁﬂtHé Fekr@%e&‘é& Hrrra% of each one of the transponders

ni cation nal irecti
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9. A secure data transm ssion nethod for transmtting
a data signal with high directivity toward a target

wokiose2reat | y reduci ng the |ikelihood of intePCEPE1004025326

conprising: (a) enploying a self-phasing
retrodirective array to recet¥% an interrogating

omth ar adtra smt a data signal beam
Wi C?%r}aured{aﬂmﬂ?ryé’el?ézgg%'é ‘5&’”‘?‘8{2}&? § R tar get ; gnd (b)

enploying a self-null-steering array to receive the

i nterrogatisng 9 gaeh iok seatetchesihiRE@@tunREdnd ihamSMokk, of bftall-platform
G%bdﬁ@&% 'agﬁrdYMgttJ]?I?lﬁwl 1q \K/I%“érpéymr I%RJ ?qtrgﬁsp%ms?s alg)gﬁ}q' ﬂgecure data
signal w't

i rected tovvar

[rIHSHE ©F gatneioh e OrPaP otmisaixns; copistingapfafad B%FS'V‘h Erdiomptggpission for
biain afopeey gevlacipn;da) eustr grahenfabierkfos tiabld date s@@Mmissiorhott Hemand; ()
}a&éﬁﬁ&ﬁbnSh @oRing B fixinky GargEReX iahd @s c&ﬁrﬁiﬁ@latlo%@ m%@ibr‘r"% r(al%\JBQeam wide-
%r%ﬂ:o‘?/ | g reception while the janm ng signal is sent in

Rer directions. 10. A secure data transnission
met hod according to Claim9, wherein said data signal
peak and j1anm Agysényfasechrelctossiniecaeminicitiohdlina nSiWidrki ot small-platform

t-f8pdnaéte %cc@fdmé@o @IEumglﬁ eftefdin JAMRESAL & ?raﬁsﬁ&r%@(s%ﬁe@ Qor secure data
ecure crossli nmun|

ons
e ok St Earste 5T Sba0E PRRESGH B e B Fgormimicatons
fox RefuTel toctical copaericatienento) $esich@nd (esFuealogsition ffingtapd gicking; (d) military
airgel ibeapbradxing BRa frdcRnS Mﬂﬂﬁnﬁe&@ﬁﬁl vBradld m&vﬂcommand and control; (f) forest
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transm ssion for any one of the group of m ssions
consisting of: (a) passive radionetry mssion for high
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reliable data transm ssion on demand; (c) radar
m ssion in locating and fixingp-targets; and (d)
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angPaIdéere atdopting 1 Flaim AGtwherekn wid matwdrk offaasropdans is a network of small-
ttANSIOBA LT asicor ding to A aim, wherein said network
of transponders is applied for secure data
transm ssion in any one of the group of applications
consisting of: (a) nanosatellite comunications; (b)
secure tactical comunications; (c) search and rescue
| ocation fixing and tracking; (d) mlitary target
| ocation fixing and tracking; (e) unmanned aeria
vehicle (UAV) command and control; (f) forest fire
detection; (g) marine-based tracking; and (h) another
application requiring secure conmunications with high
signal directivity. . A systemfor secure crosslink
conmuni cations in a network of small-platform
transponders according to Caim, wherein each one of
said network of transponders has a retrodirective
array with 8 self-phasing elenents arranged in a
pl anar cross configuration, with 4 elenents aligned in
each orthogonal planar direction. . A systemfor
secure crosslink communications in a network of
smal | -platformtransponders according to Caim,
wherei n each one of said network of transponders has a
dual array systemincluding a self-phasing
retrodirective array for receiving an interrogating
signal and transmtting a data signal beamw th a peak
directed back toward the interrogator position, and a
self-null-steering array for receiving the
interrogating signal and transmtting, in conjunction
with said retrodirective array, a jamm ng signal with
a null directed toward the interrogator position. . A
met hod for secure crosslink communications in a
network of small-platformtransponders noving randonly
in space, conprising: (a) providing each transponder
in the network of small-platformtransponders with a
retrodirective antenna array for detecting the
direction of an incomng interrogator signal and
sendi ng a response signal with a peak directed back
toward the direction of the interrogator signal; and
(b) operating the network of small-platform
transponders together by each one of said transponders
establishing and maintaining a reliable crosslink with
the other transponders wi thout a priori know edge of
their positions by intermttently sending an
interrogator signal to one or nore other transponders
and having the one or nore other transponders send a
response signal back to the one transponder.20. A
met hod for secure crosslink communications in a
network of small-platformtransponders according to
Claim19, wherein said network of transponders is a
network of smallsatellites in low earth orbit.



