Antenna System for U tra-Wdeband Radar Applications Background Techni cal
Fi el d 5Enbodi mnents of the invention relate generally to antenna systens
suitable for ultra-w deband radar applications such as, but not limted to,
ground penetrating radar systens and through wall radar systens.
Description of Rel atgfteNra é%férﬁ’fbﬁblt?ﬂ#@i@!e%‘éﬂé RASAEAPplidstibRYI NY

i npedance matching over a wi de frequency range is partlcularly difficult
and is often net with undesirable noise interferences and

i npedance- m tch Ios es which cause oscillations. U.S. Patent No.
7,170,449 B2 |scloses an antenna system for ground penetrating
radar, corrprrpéd]g"@ﬂ tieppt two orthogonally nounted 15 transmtter antenna
el enents and at |east two orthogonally nounted receiver antenna el enents,
in which she ante@ﬂb@dﬂlﬁ@ﬂésofcmllﬁ%rﬁfont rélatg Wetleraijnapobe@nhar spdeiy
adding nmetal surfaces to a plate carrier, made of fiberglass substrate,

that is mountsééable f@hé'“ﬁ?oWK&W@ﬂdédéﬁa%P'lca%'FS puch aadqutmcbmeﬁgomﬁoynnm
wherein the r Onetal l'ic ground
plane. o HERRLARhE ot fero 3P okl AN EER sl TE L ued by
probl ens such as onnldlrectlonal electronagnetlc | eakages, interferences

from adj acent_ antenpna s nal distortions in tine domain and
trailing oscigSErRHRN ng??ﬁltﬁg é&ore i mproved antenna system and ant enna

arrays are highly desired. 25 Sunmmary Enbodi ments of the invention
relate t antenna s
ultra-w geband ra ﬁ)& S% | ca |ﬁ§ﬁs}§ 5Eﬁ¥gm\tﬁhh§gd?ﬁ§$t e Eﬁl%eov‘;egunMde

penetrating rfmmlensysanagm isapdrticttaolygliffiealt |lanpleis edfteat meh with undesxrab!e noise

interferences and impedance-mismatch losses which cause oscillations.

U.S. Patent No. 7,170,449 B2 (Eide) discloses an antenna system for

ground penetrating radar, comprising at least two orthogonally mounted

15  transmitter antenna elements and at least two orthogonally mounted receiver
antenna elements, in which the antenna elements consist of triangular
monopoles formed by adding metal surfaces to a plate carrier, made of
fiberglass substrate, that is mounted on the bottom side of a layer of radar
absorbing material, wherein the upper side of the absorber is covered by a

20  metallic ground plane.

Existing antenna systems and arrays are often plagued by problems
such as omnidirectional electromagnetic leakages, interferences from adjacent
antenna system, signal distortions in time domain and trailing oscillations, and

therefore improved antenna system and antenna arrays are highly desired.
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5syst ens. Accordi ng to one enbodi rent of the invention, an antenna
system conpri ses an internal antenna el enent having an antenna feed point,
an antenna feed line and at | east one inpedance matching circuit wherein
the at 10 | east one inpedance matching circuit is at |least partially

encl osed by agu@ ic material; a transceiver antenna provided at a first
end of the internal "antenna el enent and electrically coupled to the antenna
feed point; and an electrically conductive reflector shield provided at the
second end of the Embedinantandfehaanetrivantelatedtoebrtennacsyistegms ana adtenoaa
second end of the internal 15antenna elenent, the refleftor shield is

arranged to Araysauhich are isyftpbledgr piEny! é”?ﬁ?@?rnao{?p@ﬁ 'aRHSUEN BFehyt not
Mul tiple unitigiefy 3&',29@(2&{3{;[&%@%5&#@“ 8- Resied apes astolighf RaN sehaniisAna

array for increase ction.” Depending on detection requirenents,
t he antenfa aystgmsmay be arranged with or without a gap 20 between adjacent
antenna systens. Brief Description of the Draw ngs Enbodi nent s of
the invention are disclosed hereinafter with reference to the drawings, in

whi ch: 25Fi gure 1Addokdify’ Bt @hedehibdeihiéms of IREtin0BAtionI 8 MitePna agiistsrna
system having an ellipsordal -shaped reflector shield according to one
enbodi ment ofcomnisesyant ingernal antennariedgipents Bavinguanr artesnanfesst eaid apr ay

ComEL! 2o U 3o e TGS B ey Mg e 1
ant enna gyst egagif ohe gimigedadice matching circuit is at least partially enclosed by a
magnetic material, a transceiver antenna provided at a first end of the internal
antenna element and electrically coupled to the antenna feed point; and an
electrically conductive reflector shield provided at the second end of the internal
antenna element and electrically coupled to a second end of the internal
15 antenna element, the reflector shield is arranged to at least partially surround

the internal antenna element.

Multiple units of the antenna system may be juxtaposed to form an
antenna array for increased area detection. Depending on detection
requirements, the antenna array may be arranged with or without a gap

20  between adjacent antenna systems.

Brief Description of the Drawings
Embodiments of the invention are disclosed hereinafter with reference to
the drawings, in which:

25 Figure 1A illustrates a side cross-sectional view of an antenna system
having an ellipsoidal-shaped reflector shield according to one embodiment of
the invention;

Figure 1B illustrates an antenna array comprised of multiple units of the
antenna system of Figure 1A;

30 Figure 1C illustrates another antenna array comprised of multiple units

of the antenna system of Figure 1A;



Figure 1D illustrates yet another antenna array conprised of multiple units
of the antenna system of Figure 1A Figure 2A illustrates a side
cross-sectional view of an antenna system having a cuboi d-shaped refl ector
shi el d according to anot her enbodi nent of 5the invention; Fi gure 2B

illustrates an aniggng 3Dr AYsGHERT jeteshtheMahidnraeattay [nMriddde o b fha
system of Figure 2A"with a gap between adj acent units; Fi gure 2C
il lustrates amitarefémphantannaysystamof SetireflArul tiple units of the antenna

system of Figure ZA wth.n bet n j t units; FiLagure 3
illustrates a si dﬁ%‘ﬂr&@_\g@ﬁq%ﬁ%% %gﬁrggé-gﬁago&agr\ﬁneyé)&s%eﬁﬁ%g&anéé‘/séem
trapezoi dal - siafRrdar @fdcigshapsdirefisctac ehiett Agct@irANed heobtrbedbogniernfoft he
i nvention; Fi gure 3% illustrates an antenna array conprised of

mul ti pl e Oni ttBe gfventienant enna system of Figure 3A with a gap between the

reflector shields Ji | 1S, L GHAL i rat:es t her
antenna array comﬁé%%?%flﬂ%%ﬁ%%taﬁﬁqng 1 EQ%ﬁlg Sﬁn%zg né%/@?lteemlﬂgg [ ggre
3A with no gamtdetaegstetnhef Fighlee?A withshgep tetwderadgjacent units; t s;

Figure 4 illustrates a t hrough vi ew of an anten . }| f
20nul tiple units ﬁgqrﬁééﬁl{@qﬁgeg%ta@%qnqﬁ%y F@H‘p%gg%f%&)ﬁziﬁ%n%'{ssgfdth% t he
fol 'ow ng desa%"térgtd %éem%mfigw% SRGFh HFgalsbaicerra@asBit drifst h in order to

provide a thorough understanding of various illustrative enbodi ments 25 of
the inverfion. It Rigure BB ilusleates @oside sorsreectianal oy itian edtannat systemt ,

hase- spect fTEvines atiabespReEEhapey TEleate 8N8accfalbluo HlnietBBboRianine

have not beenrf@@siikehgeni n detail in order not to unnecessarily obscure

pertinent aspects of enbodi ments being described. In the draw ngs, |ike
ref erence numer al Sigure 3B illustrates an anfenna array comprised of multiple units of the

antenna system of Figure 3A with a gap between the reflector shields of
15  adjacent units;

Figure 3C illustrates another antenna array comprised of multiple units
of the antenna system of Figure 3A with no gap between the reflector shields of
adjacent units;

Figure 4 illustrates a top through view of an antenna array comprised of

20 multiple units of the antenna systems.

Detailed Description
In the following description, numerous specific details are set forth in
order to provide a thorough understanding of various illustrative embodiments
25  of the invention. It will be understood, however, to one skilled in the art, that
embodiments of the invention may be practiced without some or all of these
specific details. In other instances, well known process operations have not
been described in detail in order not to unnecessarily obscure pertinent aspects
of embodiments being described. In the drawings, like reference numerals

30 refer to same or similar functionalities or features throughout the several views.

Figure 1A illustrates a cross section of the antenna system 100 as

viewed from the side according to one embodiment of the invention. In Figure

3



30refer to sane or simlar functionalities or features throughout the
several views. Figure 1A illustrates a cross section of the antenna
system 100 as viewed fromthe side according to one enbodi nent of the
invention. In Figure 1A, the antenna system 100 includes an external

reflector shigl dhd@ntéithd sistémal 0RiRERIABS @l @nBital Rétledtor st 10BN iRdehyal
surrounded by the reflector shield 10 and a transcei ver antenna 30 provi ded

on the inter réditerna element Zhehleasbpadizhe sufipunded byriberaledresiinld Yo apdy
incl ude an a”&ﬁQR@cefi\?e"rdarﬁgﬁr%SB@m?}&e@Bb?H@%t&ﬁgﬁiah{e%a%‘}%ﬁgﬂt?&. | east_one
) erein the i npedance mat chin

i npedance matching CiTcul g Circuit 26 is
at least partially enclosed by a magnetic material. Exanples of suitable

magnetic materials include, but are not limted to, nickel zinc ferrite and

ot eni g &1 roui - 2niyhe BIBON A BRLAY P o A AR LT B

the magneti c #nehasize fé@y lihe R4 atidled |8sstaorseakipegiadte pinatdhivgy circuit 26,

Al ternatively, a magnetic enclosure may. be provided as a casing or a

housi ng whi cHVheseR inRedansedRatingh Ctlihgods ratpastbpartinly englosghy a

i nternal ant ; i i - m O yhi i cal
15 shape or UREeLC Rtk TR of EEatiEThadheiinaRIRIChoaEY Bl i

i npedance ci fimifelds topynidie| pziovi teedtel ranan marigemesk  aimce fevaitee| dimentmaheticn
certain enbodi npnts, the jnpedance matching circuit 26 pay be suybstantially
encl osed by STRESHE: PLovet BBIPERRCE AIAS EHBGN PRkt Do FrEvdR BN e
line 24 is algfogs mM&RSls PAriedahiplE&NBbaREGndtE éndlBANE tﬁﬁﬁ%r@@rro'vi%ied ddla
certain 20 enbodinents, the internal antehna elenent, other than the
second end ofcoatieg iantpdatizg. dtesmatively, enmagnetie eacldsess maabeiRibrigedras ased

by anot her magneti c terial. At a first en f | rna .

el ement 20, §%ﬂn§ngrcgﬁ}\P&S'%W&%ret%‘Sﬁei Ig%gfagg%%]ﬁg%ﬁ\ﬁwgcglt%ﬁggggﬂgqe%
ant enna feed Thei ifterAdl anf@nkr @BARAH 28 maptiRNprovided f erefahl ef hacylinanedn t
and receive radio signals as known in the art. At a second (opposed) end of

the intedpal shapenfa @hemsititaple shagepnt dPnaertaift EAMPHEMERENt WD 9rs MAUApI ed
h flec el i . i , h
to the re e?%?édi@éee cﬂcﬁ@sc mg)lefer%)ﬂoaédl ﬁggbgln?%nafvgflfén?ﬁr I'éagrﬁirgri(y.. l ‘232

reflector shie is e coupl e e antenna Opoi n

vi a the ant enedafreechbodinee@4, thehanpedatical matdblirgg bcurh 26 hasg be substantially

characteristic jnpedance of fjfty ohns. The c.entrE éond ctgr of thenfco xi al
O9UNetha e

cable 50 nmay eﬁ@"’@&ﬁr@b?e@aﬂﬁey% ARrahn CEEAN ¢ apignoa t he
coaxi al cabl ¢ra0y4 §s G GEESk Sarfialf QWRHsBHANEa magnetic material. In certain

20  embodiments, the internal antenna element, other than the second end of the
internal antenna element, is at least partially enclosed by another magnetic

material.

At a first end of the internal antenna element 20, a transceiver antenna

25 30 is electrically coupled to the antenna feed point 22. The transceiver antenna
30 is operable to transmit and receive radio signals as known in the art. At a
second (opposed) end of the internal antenna element 20, the internal antenna
element 20 is coupled to the reflector shield 10 and a coaxial cable 50. More
particularly, the reflector shield 10 is electrically coupled to the antenna feed

30 point 22 via the antenna feed line 24. The coaxial cable 50 may have a

characteristic impedance of fifty ohms. The centre conductor of the coaxial



The external reflector shield 10 is adapted to elimnate backward 5

el ectromagnetic diffraction fromthe internal antenna elenent 20 and to
reflect the sanme el ectronagnetic diffraction towards a desired forward
direction. To this purpose, the reflector shield 10 is arranged to at | east

partial ly surgagwndotrgy ibet esmmlctethicethecasteanaiée@lne LATAR titd keeear ofsthieel d
10 is electrically coupled to the antenna feed point through the antenna

feed |ine and% Qﬁ'ﬁ'@e‘-’(}’rﬁt%nﬁﬁteéﬁ tP(ﬁJQ'iOUWH%a'?%f | ector shield 10 incl udes
an electrically conductive material. Exanples of suitable materials for the
reflector shield 10 include netallic materials, e.g. copper and al um nium
and non-netal | ic elhectexterabl yeflectducshield rat & iaalapted-uot bémjnatéebadbvard

refl ector Shl d 10 vided in qne of ri ous, for an,opaque
T uesures” n SRAlrad g AGBPATOn ey TREte! areried, pleraryan, §1d o Faaeal o
I'n one emomtﬁ@@an(é%?e&r‘o%@e% dlff%tubﬁftb\%lid%rasd@s%@ RS BRI, tﬁrs

| ength of the Internal antenna el enent 20, |eaving the transceiver antenna
30 20 unobstthisqiuspdose, thamnefidntor shtbldmﬁrsrarra(rrg@td toraduggst patiallyefurensindrthe
shield 10 and a rqd -fre Penr% hRF) absorber |ayer may be provided to
fully encl osd"EMA %ﬂqﬁa O 7 a elenment 20. Exanples of suitable
materials for a RF absorbing layer include, but are not limted to, plastic
and pol yester. 25The reflector shield 10 be provided in any of various
sui t abl e 18hapes. Hihgurasleckori shlﬁgt%ﬁeglestm@?ly &etbledste @|edar1f@nna\ffe% point

el l'iptical Crtﬁ%%gﬁeﬁte' Qﬁtﬁépgr@%ljllﬁ O%ﬂglnln' BIQhdR i stRAR dcwcfbmtc e geé%rcto?pace

between the re ctor shi ternal anten
filled with ahield W0 diclbdes anpelettidallyi dondustive robtetipl. oExampresobhsmtable

table materi al I n cert n ot he t he, encl osure nay be
Fil el with @%t&féks. for 155 roastien gl € triide mealsile matkRis 8.6 GOPRet e
form factor ofiyhisuAnteRn oﬁ%ﬁé@?ﬂclg%c'f@ééllpecdrﬁﬂ}éﬁ% materials. FlfthéS the be

appreciated t at various forns of an elll psoidal-shaped reflector shield 10
may be subt abéﬂecémpbbged!ﬂMTWmeycbeT@mlm infonehef gzymuawrﬁqrms &g gerapagiuaor

oree ot 10 SRERL SRR S Ry sl Y varTec

el I'i psoi dal -shaped reflector shield 10 of Figures 1B and 1C have different
sem -mgj or and sem -minor axes dinensions. The ellipsoidal-shaped reflect or

shield of Figure 1D has e nd sem nar di mens S.
transni ssi on operi R 05, emﬂggmﬁ%%gﬁg% ¢ tr}en@ﬂiegﬁoérsﬁéq%qﬁt%f{ﬁ%ndfdﬂ

el ement 20 r @GRitM &5t the fifRANSI SHtdhnd eiMERE20 eREvVINg R e 2farditiver aliidhiis 3bhe
feed signal forward through the transceiver antenna 30 to be radi ated

forward 26wandebatrdetedr do arsghémambodime (epbehowmadhet eféeqtfardﬂa@ldoip fhem
the internal _ant 0,is. 0 c

el ect r omagnetd Eacfod—griegypgﬁy BPFﬁ r%grnhgﬁft %y %%t ér na dé?]ﬁ”' Elose o
are reflect e%téﬂfhldbﬁl‘éﬁhadelement 20. Examples of suitable materials for a RF

absorbing layer include, but are not limited to, plastic and polyester.

25 The reflector shield 10 may be provided in any of various suitable
shapes. Figure 1A illustrates a reflector shield 10 having an elliptical cross-
sectional profile or ellipsoidal-shaped. A cavity or space between the reflector
shield 10 and the internal antenna element 20 may be filled with air (which has
a permittivity value of 1) or with other suitable materials. In certain other

30 embodiments, the enclosure may be filled with a material of higher permittivity,
e.g. ceramic, so that the form factor of the antenna system 100 may be

reduced.



15 forward towards the desired destination. At the sane tine, the reflector
shield 10 acts as a shield to prevent backscattered el ectronagnetic

radi ati on from | eaki ng backwards and/or in other directions covered by the
reflector shield 10. In other enbodi nents of the invention, the antenna

system may be 20 |prigvicded Woblecatedf iheetRiriosi &drehsofof cames|iisdtagsshaped-
el lipse, half-sphere, cuboid, trapezoid, cone, (fyran‘i d, and parall el epi ped.
Fi gure 2A il IraBectat soialeh Hhimdnhkessutod eovroyaa: hl'he démpasions afhihel semba

whi ch is cubqjg- i gur ' I at. t ith a
Fof | ect or shitlFa 208 SeAARMCL S8 st s SlibSyREI et RREBOTSRIAT Oy B )
that the ant eymgtabsrywﬁa’gd gawequi%i lliﬂObiﬁ@ferFfi @ﬁrmxiiméntso Bér abxamplac!thde
conponents as descri bed above in relatjon to the anten system 100 of .
Figure 1A? mk?é‘f%ﬁom%’ﬁéal?%%%ﬂ%ﬁ%s@?@ P%%@éae% HBand f@#%@ﬂ%&ﬂ%%h as
in Figure 1A J; é : i ay [ ' hovei@and
30 illustrat ergé]?ﬁaﬁ?és%ﬂﬁ?n@ﬁ?%%? d?ﬁgms&%'ggbgh%%gfﬁgggdﬁgﬁ%ﬁﬁﬁ y or,ﬁll}é‘g
certain appl idd&ligwas!D hat eigphbesemi-majm syisteanismirey axes dirsposieds.as an
antenna array (or phased array). Figures 1B, 10 and 1D are

exanpl es of antenna arrays conprised of nmultiple antenna systens 100 with

el l'i psoi dal -shaped refl ector shields 1Q. The ant.e arr, . e_densely
and cl osely packegnvﬁ@?ﬁ@ﬁ?@ﬁ'ngpgﬁpgn&ﬁ&@eg_lf?:‘ﬂn{]%gt Of ftﬁ%HgF%Pgnﬁ?énna
antenna gyst eemenlP rédeildie a8 RitthafiofY tHeafded IMe 24@hburaidnaisiheofeBar
antenna systenms 100 in the sanme array may provide replacenment function by

redundancy t &ignedl fegyardHsueven, the tiagseeivele aaipinecidft & hehdadiatrd dampsd of

antenna syst q%agcgoﬁidﬂéfg'ggfﬁﬁ%sgirﬂ?g?ﬁr r@é’e@&r&ﬁ%ﬁgﬁgg%@ﬁgnbfYorF\htﬁe internal

application require Fi'gures are exanples o
ant enna ar r aysmt@orgpelesasht @0 isrdnhigirectiomiag vraksysitered eldomagietic radiation

cuboi d-shaped refl ector shields 10a. In Figure t he tenna systens 100a
are juxtaposét §'8”%|ﬁefr%'?ﬁ‘o¥r}?el'”tﬁﬂﬁ(i FieRd eg%'f’%é%paﬁ'ieaé‘%%ﬁ%tmg'@%gem
100a. InEi 9géﬁanr@’tO\‘}vQF'dsa{htge@é@reﬁyééﬁlﬁ%tiéﬁ.oa}}t%é_sJaH%‘é BRRS Btk t&NIRRS sgther

with a gap 60 between reflector 15 shields of adjacent antenna systens. The
gap 60 may bdOdadtsnas ensetielktowgraverdr backischitetedr electyomagsetie .radfiagiogapom

di rension i s ascertained accordin o the actual detection.require S,

el g i ni mumsRes BAPBIAEE FkicR WRFeNEaPEh PrelRE Rt ER R b
depth of objects in the ground. 20Simlarly, Figures 3B and 30 are exanpl es
of antenna arrays conprised of nmultiple antenna systens 100b with

At TN At U 1 i D I I e
antenna syst epgyid@§bwith a reflector shield of other shapes, e.g. ellipse, half-sphere,
cuboid, trapezoid, cone, pyramid, and parallelepiped. Figure 2A illustrates an
antenna system 100a with a reflector shield 10a which is cuboid-shaped.
Figure 3A illustrates an antenna system 100b with a reflector shield 10b which
is trapezoidal-shaped. It is to be appreciated that the antenna systems 100a,
25 100b of Figures 2A to 4A also include components as described above in
relation to the antenna system 100 of Figure 1A, wherein the components are

arranged in similar configuration as in Figure 1A.

The antenna systems 100, 100a, 100b as described above and
30 illustrated in Figures 1A, 2A, 3A, may be employed singularly or, in certain
applications, multiple antenna systems may be disposed as an antenna array

(or phased array).



25Simlarly, Figure 4 shows a top through view of an antenna array
conprised of multiple antenna systens 100c with half spherical - shaped
reflector shield. In order to nmeet changing requirenents during operation,
an antenna 30 array of the present invention rmay adopt a variabl e gap

which is adjustablEggiesendi NG and A uad eslah@ids 6N aRReNS, afags cORfSHsAl of
target detection, low sanpling rate, quick | arge area scann

: I
cerLai n embodNHBRIeENAAGHRIRNS 1 PAYYM ¢liescidrlchmresysiensT RapidseBr ThAged
i t abul 4h
are al oned th i ELEythal BERaBteN Ah BIge BackdE it raneihE MR NS 4007, |
certai n ot hersuehtthdt ifeotesoomaat antemnar syayem(s) MO Caint thenanteysb enmyniyishe 5
di sposed in a n n-?,ri d arra\r,:%emant or in a rgn_do arrangenent al ong three

TeRBict ap

spatial dPme PRSt CYhRfwAntenna systemsc PR giE (FMRATTRF BIHETPVIEE 1 he
| nvention, a (eERBLFINGET OMCTBANBY RAITRHEAEY: 1cBAAYIOEI NI ABEDLET Rals ag! gana

el ement having an antenna teed " 10 point,” an antenha feed Iine and at | east
one i npedancappatcaiedgthat theuhumiske oéiantenina systéread00onean apedaacarayamalii ng

circuit is at_ least partially enclosed b magnetic material; disposing a
transcei ver %i%ﬁﬁ“@@dﬂ 'th%PPé'ﬁaﬁ% retor%regnt ernal antenna el enent and

electrically coupling the transceiver antenna to the antenna feed point;
and coupling an electrically conductive 15 reflector shield to a second

end of thg inter ”%inﬁﬁaﬂﬁ’,'ﬁgu%seﬁr@%dfi@%ré %&éﬁ%‘é%:jofséﬁtéhﬁia BRia)8 comprised

electrically coupled to the antenna feed polnt and arranged t0 at | east
partial |y surof ooutiplerentenna spstensni @omwitb| eapoitt-shawest edflectdreshigiderOaodpl ed

i nt ernal ant%nna e @rTﬁ]nt %he tractlscei i ant enpa ang the reflector. shield
forman antenid'"§ysret® gptenna systeqps methdd HEPRRE _ut8e°rbe? g0PHSh ViAo _
nmagneti c mat gababefvedt ddpReht UiteMa HySleehs Ziona. f enrFigara 2B, naBdaRRSAazi NC
ferrite. The nmethod may include disposing a ceranmic material in a space

bet ween the m¥slests dP03Hreljdxtanasenhéo oneeaniheranite it gael &heatweemeefigstaiod

TRy ol yde RENAL 09 NRCRPIARERAL oRRAR! ik RN 8 Fral R dFleRgheda T o

the group consis o) pse, hal phere, ¢ ezoi cone,
pyram d and pateéér!2popedlimetre to 1Theetnet hoTheayap utitleesionoiprassesained

juxtaposing a plurality of the antenna systens with a distance rangi ng
bet ween zer o AFFPIdING:P ethﬁoaﬁtuﬁétqeée%@f‘mé‘éﬂ“@m%svr @fsz-e@ﬂramugﬁir@@gg@? of

adj acent  oneg;fferf H5ell 415&4H the FouRBLRANGUrRY 8BS dbjEQE M the ground.

20 Similarly, Figures 3B and 3C are examples of antenna arrays comprised
of multiple antenna systems 100b with trapezoidal-shaped reflector shields
10b. In Figures 3B and 3C, the antenna systems 100b are juxtaposed to one

another with no gap between adjacent antenna systems 100b.

25 Similarly, Figure 4 shows a top through view of an antenna array
comprised of multiple antenna systems 100c with half spherical-shaped

reflector shield.

In order to meet changing requirements during operation, an antenna
30 array of the present invention may adopt a variable gap which is adjustable
depending on actual detection needs, e.g. special target detection, low

sampling rate, quick large area scanning.

7



an antenna array. Enbodi nents of the invention are particularly
advant ageous as descri bed bel ow. The provision of a magnetic encl osure
around the inpedance matching 5 circuit(s), together with the arrangenent
of a reflector shield around the internal antenna el enent, elimnates

el ectromagneti ¢ r aficettafheh®alRoents of el gMavs, Stsléfaﬁtérﬂfa $rtepEafgybe
invention. This allows antenna systens to be arranged in array formwth

smal | or no g?df?f'@@ﬁwéleﬁ f@@p&tfeﬁfuwﬂewhép\@@ﬁnén@olmnsoawcfbifp@rtf@nam@@na
el ec”o”agnetéyg fhpea @néd‘toeforﬁ{& fi8- I&é%maggpab i O f}% SESIETD: 4?T he

antenna array sent” 1 nven |on are |eV|ng excelfent
one-way radarin snegtlaad otrfearmnb@ds'ir@nty\ot bntfeuhla;ersiweltln:badnteeﬁwlae@stmsw&y ban

ultra w deband fre uency ran For exanp round penetrating radar
(GPR) appP Pi c&tisRase 'ﬁealr}%ugfg’eﬁéﬁaﬁaf???&ﬁ&@ff'%@ @r@@%? ShEgeEment; %r& ?’H?@nce

is 15 excel 'cfg%al"wlﬁ{érfsmb(%ﬁgﬁé\ﬁﬁ noi se i nterference. Conventional ultra

wi de band radar systens presently adopt antenna array configurations wth

| arge gaps between adj acent antenna systens mainly due to radiation |eakage
that results in electromagnetic field interference to adjacent antenna
systems. 20 |n opd¥eordinglyt ivearethet @ispect aldiha inyendenan canstieionrmelpodf

the present  IONAIILN IRYARG g ARdAG) AhuéheBidifdChasth aR; aflBhia TBkebe

oy1Ag ro I"i'gent ne echnol ogi'es to

control tihe rp@ﬁhtp =5) @rmaéma‘ rfem dimeh aadt enn@aﬁtysmemrmedbheeantawm@g acnrroa}t
Radi o signal direction may be changg)g % el ectronic hase cggt r ol
i nstead of t MAreiNothe HHe SaN6R @ﬁf‘@l‘ﬂﬂa% GH altSe 2 Ha§th8?étfaé|¥e

the indivi duaelfncmtee szﬁrf‘éﬁrclzcrﬁﬁte"?‘ hlﬁyﬁosﬂa%qﬁ se@h@%h%n%%laemst end

di spl acenent fromvertica e W thout novi e antenna.
enbodi ment s wif| thebéntapper entenna elersents land| etbcincallite cawplinor dlne 1$®nscelver

Fur ther mor e, S0 10 (8RNI 0y SRd<P BBbr i & PP 141 SR AU Capauctive

descriptijye GbfddibyshidRftd1at sdcdnli Sid of fiee fHieHaPafteriiEPeRkNEN! theofeflelfor
i nvention. The enbodi ments and features descri bed above shoul d be

consi dered esbigh &ejng electriaatiy qawplast tothenaniegnaderd dwinyanhargpged dedt
cl ai ns. Wﬁatieés? p%lrt?élpe& Fstindlth r}n?é?ﬁglné}ﬁeﬁﬁ(ére?e%&r?c”Wh'e?élﬂ%e inter-coupled

internal antenna element, the transceiver antenna and the reflector shield form
an antenna system.
20
The method may include providing the magnetic material as at least one
of nickel zinc ferrite and manganese zinc ferrite. The method may include
disposing a ceramic material in a space between the reflector shield and the
internal antenna element. The method may include providing the reflector
25 shield having a shape selected from the group consisting of ellipse, half-

sphere, cuboid, trapezoid, cone, pyramid and parallelepiped.

The method may further comprises juxtaposing a plurality of the antenna
systems with a distance ranging between zero millimetre to 1 metre between
30 the reflector shields of adjacent ones of the plurality of antenna systems to form

an antenna array.



an internal antenna el enent having an antenna feed point, an antenna 5
feed line and at | east one inpedance matching circuit wherein the at |east
one inpedance matching circuit is at least partially enclosed by a nagnetic
mat eri al ; a transceiver antenna provided at a first end of the

internal antenna ¢fRpEdimetns of efld i igabhtiorcoaR! eshrtioulbhg aatanaebesdas
point; and 10an electrically conductive reflector shield provided at a

second end ofdesgébedbelovél ant enna el enent and el ectrically coupled to the
antenna feed line, the reflector shield is arranged to at |east partially
surround the i neerfitel penvisiomaf al magnetic @6@oTlre anousdrthe dnpedanod nudtaling 1,

| east, O

wherein the nmagnetic erial, includes at e 0 Lckel . zinc ferrite
and mangagese zi nc,C'rFler{éB’tt@ge °f hh eeﬂrﬁﬁn%%?%tn?ﬂ? r%flfl%ﬁq?ﬁ ib'e{ﬂﬁa'ioé‘inﬂethe
space between t he jkfdAC4RENSD It AR Llihifate Bt REAPIMAGH ST PaBARITE Makiage
filled wth air. 20 4. The antenna systemof claim1l, wherein a space

bet ween the refl edt dhestenna ssystamneof Hieeprraenkritaitignel rermlions antenaa

et G e . e S AR

el l'i pse, hal f - spheidgacestibaniténna repesns duitltaneexgeyricaning atuttpaisyreticefieiped.

6. The antenna systemof claiml, wherein the reflecfor shield includes a

metal |iclfaterial interference from adjacent antenna systems. The antenna arrays in the
present invention are capable of achieving excellent one-way radar
signal transmission with fully shielded reflection over an ultra wideband
frequency range. For example, in a ground penetrating radar (GPR)
application, the immune performance for electromagnetic interference is

15 excellent with insubstantial noise interference. Conventional ultra wide
band radar systems presently adopt antenna array configurations with
large gaps between adjacent antenna systems mainly due to radiation
leakage that results in electromagnetic field interference to adjacent
antenna systems.

20 e In operation, the effective radiation of an antenna array of the present
invention may be directed at a desired direction. This may be achieved
by employing phase control and intelligent network technologies to
control the radio signals from each antenna system of the antenna array.
Radio signal direction may be changed by electronic phase control

25 instead of traditional mechanical rotating antenna surface and therefore
the individual antenna system can achieve a wider detection angle

displacement from vertical line without moving the antenna.

Other embodiments will be apparent to those skilled in the art from

30 consideration of the specification and practice of the invention. Furthermore,
certain terminology has been used for the purposes of descriptive clarity, and

not to limit the disclosed embodiments of the invention. The embodiments and
features described above should be considered exemplary, with the invention

being defined by the appended claims.
9



30 7. The antenna systemof claim1l, wherein the reflector shield has a
structure selected fromthe group consisting of an opaque structure, a
perforated structure, a lattice structure and a woven structure. 8. The
antenna systemof claim1, wherein the internal antenna el enent, other than

t he second enwadt i bairmed &:-nal antenna elenent, is at |east partially
encl osed by another magnetic material. 5 9. The antenna systemof claiml1,
wherein the at | east one inpedance matching circuit is substantially

encl osed by magnet i | «1he antenna systemof claim1,
wherein the gﬁten%@ %@ggﬁv‘% Iggéet@!nsc%rfprsela t 10partially enclosed by a

magneti c mat eri al .an ihternah aatenaanelearendhagmgpan antenaafgaldupeint, tan ahtehhe
antenna systens,of any of clains.1 to 10, rein the . plurality of the
Antenna syt AT e HthALsBsCorRiTREdP et g Srgrhyhesialig eh lagst ohe
mllimetre tgmbeABhES r‘%‘éﬁdﬁﬁ‘gj‘ éiltl?,‘glitr?é | fRCleRit SKHrghls Mol IgNG ‘Pr%e% the

plurality of antenna systens. An antenna array conpri sing:
a plurality ahatehsl;ant enna systens of any of clains 1 to 10, wherein the

20plurality of the antenndeSuRleia Bfidld ALt edP% RE%nEIh S MR tenna
element and electrically coupled to the antenna feed point; and

10 an electrically conductive reflector shield provided at a second end of the

internal antenna element and electrically coupled to the antenna feed line, the

reflector shield is arranged to at least partially surround the internal antenna

element.

15 2. The antenna system of claim 1, wherein the magnetic material includes

at least one of nickel zinc ferrite and manganese zinc ferrite.

3. The antenna system of claim 1, wherein a space between the reflector
shield and the internal antenna element is filled with air.

20
4. The antenna system of claim 1, wherein a space between the reflector

shield and the internal antenna element is filled with a ceramic material.

5. The antenna system of claim 1, wherein the reflector shield has a shape
25 selected from the group consisting of ellipse, half-sphere, cuboid, trapezoid,

cone, pyramid and parallelepiped.

6. The antenna system of claim 1, wherein the reflector shield includes a
metallic material.

30
7. The antenna system of claim 1, wherein the reflector shield has a

structure selected from the group consisting of an opaque structure, a

perforated structure, a lattice structure and a woven structure.

10



13. An antenna array conprising: a plurality of the antenna systens
of any of clains 1 to 10, wherein the plurality of the antenna systens are
arranged randonmly along three spatial 25di mensions. 14. An antenna array
conpri si ng: a plurality of the antenna systens of any of clains 1 to
10, wherein the plurality of the antenna systens are arranged randomy

al ong three spatial 30dinensions with no gap between the reflector shields
of adjacent dhes ofha RBtgaIngr systey foclam Tamheigia besinterpal antepnaglemenbd

COMBr1 SN ey a8 SR B e B8 RS SRR, NN 0 R

feed point, an an enna f i e an F'€2s7" ohe ipeda

circuit wher antidsee @t ahsthst rrmgaetlﬁnmiamle matching circuit is at |east
partially enclosed by a 5nmagnetic nmaterial; di sposing a transcei ver
antenna aP a first end of the internal antenna el enent, wherein the

transcei ver ant enrg,d P{’én‘?n%té @i ¥ R ?dwhgre%] “ételé’é%t o?l%dmﬁ’ﬁécgz%c?at”ﬂe

coupling an electrically conductive re ect or to a second ‘en

10 i nternal andtehing @tceitessubstaetialef ¢madosad b%aehagﬂnilmgatﬁrmd:t rically
coupled to the antenna feed point and arranged to at |east partially
surround the internal antenna el enent, wherein the inter-coupled

i nternal antepmna erlr@mbnné &?siern%ﬁ@@welr wHYrenAe atfled e fdeRf liRCisodt (sdutel d
forman antenna system
10 partially enclosed by a magnetic material.

11.  An antenna array comprising:
a plurality of the antenna systems of any of claims 1 to 10, wherein the
plurality of the antenna systems are juxtaposed with a distance ranging
15 between 0 millimetre to 1 metre between the reflector shields of adjacent ones

of the plurality of antenna systems.

12.  An antenna array comprising:
a plurality of the antenna systems of any of claims 1 to 10, wherein the

20  plurality of the antenna systems are arranged in rows and columns.

13.  An antenna array comprising:
a plurality of the antenna systems of any of claims 1 to 10, wherein the
plurality of the antenna systems are arranged randomly along three spatial

25 dimensions.

14. An antenna array comprising:
a plurality of the antenna systems of any of claims 1 to 10, wherein the
plurality of the antenna systems are arranged randomly along three spatial
30 dimensions with no gap between the reflector shields of adjacent ones of the

plurality of the antenna systems.

11



16. The nmethod of claim 15, wherein the magnetic material includes at |east
one of nickel zinc ferrite and nanganese zinc ferrite. 17. The nethod of
claim 15, further conprising disposing a ceranmic nmaterial 20in a space
between the reflector shield and the internal antenna elenent. 18. The

met hod of cl ajgn AnethbBecohiprisitpl i ng an el ectrically conductive shield to a
second end of the internal antenna el enent includes providing the reflector
shi el d having a shidpydig agirdaral griarme gement bemMisigsan agtesmaefeedpaint, an
25hal f - spher ' : 0J 0 . ' L epj . .
The net hod o?a né%@?ér)nlr hé%%ﬁ éeértqgggr#p(?ﬁ%frﬁéé%ﬂxﬁ%a%%gqﬁ@é ?%ﬁ'&%eﬁgﬁ “316 1€%he
ant enna syst easstwohé mnpiderec endtaimnigyngirdigt Veeat East | partelly esriatoskdmiblyr a
between the refl ector shjelds of adjacent ones of the plurality of antenna

30 systenms t dNEMSHCARA G BENNa array.

disposing a transceiver antenna at a first end of the internal antenna
element, wherein the transceiver antenna is electrically coupled to the antenna

feed point; and
coupling an electrically conductive reflector shield to a second end of the
10 internal antenna element, the reflector shield being electrically coupled to the
antenna feed point and arranged to at least partially surround the internal

antenna element,

wherein the inter-coupled internal antenna element, the transceiver
antenna and the reflector shield form an antenna system.

15
16.  The method of claim 15, wherein the magnetic material includes at least

one of nickel zinc ferrite and manganese zinc ferrite.

17.  The method of claim 15, further comprising disposing a ceramic material

20  in a space between the reflector shield and the internal antenna element.

18. The method of claim 15, wherein coupling an electrically conductive
shield to a second end of the internal antenna element includes providing the
reflector shield having a shape selected from the group consisting of ellipse,

25  half-sphere, cuboid, trapezoid, cone, pyramid and parallelepiped.

19. The method of claim 15, further comprising juxtaposing a plurality of the
antenna systems with a distance ranging between 0 millimetre to 1 metre
between the reflector shields of adjacent ones of the plurality of antenna

30 systems to form an antenna array.
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