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PCT/ USU2/ 16919 The present invention relates generally to antennas. Mre®™
particul svd y209dm present 5 invention rel ates to ant ennaspoawisomgicald ow
profile for use in roadways, sewer manhol es, and other applications where a
| ow profile is desirable. BACKGROUND OF THE | NVENTI ON The col | ection of
data fromsanitary or storn gAVEROEINEARSTENN Ot her under 15
encl osed systens has becone increasingly comon and useful mmpmm@mm@e in
an underground sewer network, flow nonitors may be used to collec at a
such as depth, volune, velocity, and/or other neasurable parang?og)rz*s in a
certain |ocation. Wien suchFELD ORWEIBINVENKIONt is often desirable to
-collect the data in a central |ocation, such as a renote conputer or data
col | ecti on Elyspesgntsovéntian rdlatea genomallynid tantgnaasrp Mare partisahariye thenpriesentd,
stored, processed, conpared, and/or presented to a user. Because of the

* i npfr aciivengion rglatos tocantanpas havmgredew peefde farase mggadyeays.seweraranheles.agd other such a
sewer or other network to a central processor via direct wiring, it is

desi r adnpdications vhgrnha lvnprofitesisdesrbla t their data to a renmote conput er

through a wirel ess communi cati ons medi um The application ommwmmmm,ﬂmmm
technology to transmt and/or receive data fromand/or deli ta

to flow nonitors requi reliAéKﬂﬁd Poeﬂﬁ_fglﬁivéﬁh@cepti on and/osis9

transm ssi on. For exanpl=5—=Sewntt OV Ot OT S typically installed
within a sewer twor ke { nsj - ' r ' cess
For i nstai | L4 Seciigl SR AREREE skl BLalR SR heb el S orhét G Ra F
cofgrun ' iBeksingi Rodiniibh ShE S Al P RhpR! intal dhddrgrogthd
Io@;eg&%géwgﬁ%vﬂaﬁlsn t e] m_ansﬁo%g? However, if transm tilgr' S ar{?re_nna is
mount eghwapnéthdtk, IBR AHiIRARay Be 18 RYEJ1IBE dARHAEH & depth)Véliume Svelseiti Hnddk

| osses in signal strength, such as RF energy |osses, will result from

f act or gthetmbasagabid Fﬁﬁine&t-st mndladrian loantdor. NWHeaGuch hmhitbisarantadnitds ioftemount ed
bel ow t he ground plane. One solution to this problemis to nmount the

ant enndesirble ¢o toltecytheudath inauteairaldocitionh haichmn h oéraote idomputer pr data velidciiomal
antennas nornmally require a nmast or pole type of nounting. -1- WO

02/ 09794s&nP6eT fhacdi4 fr6@iBulliplesyonitorscambé amalyzed.rstared prochssed, campatedyaatlioon t hat
renders them undesirable for use in many |ocations, such as roadways and

si Hewapiesenieioa wsehi Bedause efithe snprpetiralityr ofgonnecsing ngongjors that gy berlogated o
shorter, or low profile, antenna is desirable in sugch a |ocatio E@' sting
| ow pr BEoyghoutfueh A sewertar ofher Befifiorketoz csnakpIptsssar via ditast WP Eals ARSI
ground 5 surface. Exanpl .0f such ant ennas be found in U S.. Patent No.
3 7 assich g G B et b e T ABPELE S eab R EEH N oy
be dangggd by, roadway traffic, such as cars, trucks, buses, and ot her

vehi cl BB the traffic drives over them di rectly placing substanti al

| oads on t h‘fh@{a}%ﬁi@ﬂ?on SPWiRlest QA S RinfinfPars Rocdive B WRINDARY O ARIiFeR US @

even nore danmage to an antenna is ralsed above the roadway. In

adg t i Qﬂa oGP I3 'Péﬁqgllir@ﬂ SliifaBleMR@hhd REdcORichAnb/LtrARmIRIA0 Fer HGQMMle, SUCH

as the drilling of a e, to connect the above-ground antenna to the

under ggswerdlol Mehiier @fe tySidally elafied @ithingesseveahbiyvdriaimgile cdseithaynivies ial so
used as a neans to secure the antenna to the nanhol e and/or to connect the
ant ennardep te provide a¢cele ForvinstaBativnn inclirgenancer andAmpairdi Tiglsy the monsordesy r abl e
to provide an inproved |ow profile antenna as disclosed 15 herein. SUMVARY
OF THEcomMENTatEMWith a remote unit via a wireless transmitter that is also located near or within the

manhole. However, if transmitter’s antenna is mounted so that the antenna is below the

25 manhole’s cover, substantial losses in signal strength, such as RF energy losses, will result from

factors such as signal attenuation and the fact that the antenna is mounted below the ground
plane.

One solution to this problem is to mount the antenna above the ground, outside of the

manhole. However, conventional antennas normally require a mast or pole type of mounting.
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It is therefore an object of the present invention to provide an inproved

| ow profile 20 antenna. It is an additional object of the present invention
t o provi & apoaanisenna having a profile that reduces or el pornavEsothe
susceptibility for damage of the antenna resulting fromroadway traffic and
fromroad-scraping inplenments such as snow plows. It is another additional
obj ect of the present invention to provide an antenna having a 25 profile
that rddwusesonyentionplhantenngs hmeanrqlgwaﬂev thap mfiyrSttberﬁ@a@@erﬁblsﬁgr UiEAN Maght come
into contact with the anten An_eve urt her

obj ect %ﬂtl‘;%esqcﬁ\?équ&’ﬁyﬁ %n‘{]%d“é'f'ﬂﬁ ngrﬁ ]%}Egl i ‘%/rreprr*}f]es}t an ﬁ?fg‘ﬁé’ﬂﬂ S so
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. acc](c)_r:(;\%’é‘é ﬁteaog Eﬂ"’?‘iﬁ%g?s?bgg\asn ﬁfa%clﬁllanpsﬂgh fmg?ﬁ i n¥ent| on, a Inow
Phel udes a ERPOpe v 5afie ArlihaRb S Tedsitr rs"‘%ﬁ%aﬁﬂgﬁ LR o AR 35 A e
Tmateri gl g § “l‘éf 6F QR g%éﬂmg  folREfh U ISOPABRNG? 5%7%‘0’3' b ot al

conductive rra a ca I's conduct| vel'y attache

and se 5 gaﬁﬂe&igﬁéﬁb&kﬁ%%& from%nmﬁ tbeaaﬂkage%qﬁnfbasw QP aatiR ush S6ERS, S each

have a Is of alow profile’and | ength$ that” are substantially
equal . e, Bilses) GAd etV ATBRA! 55 tRé Raffie AVAG Vet thefaditecBRplatiak lsibstintifl 18ads
substantlafly non- conduct i ve coveri ng. Cptlonaliy and preferably, the first
el ongabe thealnteimnt Ofd rddde/ag @ekiolds ailchng shiciblews candauddeveh engro dahagetednt o
extend in opposite directions, formsubstantially a straight line, and are
separ ahrtenimythat ig)eqisetl abpventhe chmdevagli Incddeitmng sxh antedhas seqteinoothfidagion tdnthef i r st
el ongated el ement and the second el ongated el enent are sized and positioned
t 019 i t manholercovers such apthe dnilbog @f adchole,doconnert dhe abavesgraundl antanmotoethgover .

I n accordance with the above-described enpodi nent, the electrically
conductindesgiennd fiow matess Sukr kolesarg geparallilazees ap ey areraleo H&ﬁdg%ta WEAS IPs of a
| ow profile is preferably out one-fourth of an inch or SsS, O ven nore
pr ef er S8514E the aaEAjte Hletrﬁfgmﬁ@@ﬁ%ﬁ copngchthe anigprp PQUIBEENIREW e ERahRg al | y
straight line formed by the first and second el enents has a | ength that
corresfiBfffis to an operating frequency band of the antenna. The |ength
preferably pravide . € e .t une b
transm ssio wﬁrd&qg@égplﬁr%gﬁ%ﬂ% ggk %)%é&es%r?" @%Aég%&dl I onaEFS p%l(?%:ﬁs he
capke %% £ dianmeter that is at |east as snall as the dianeter of a

standar manhol e cover opening, and the substantially non-conductive
covering is conprised of at |east one of rubber, plastic, non-netallic

tubi ng, an adhesive, and a non-netallic substrate. The cable nmay al so be
connected to a transmtter and/or a receiver. Optionally, the antenna

i ncl udes an adhesive materjal that is affixed to at |east a portion of the
substantially non -3 SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide an improved low profile
20  antenna.

It is an additional object of the present invention to provide an antenna having a profile
that reduces or eliminates the susceptibility for damage of the antenna resulting from roadway
traffic and from road-scraping implements such as snow plows.

It is another additional object of the present invention to provide an antenna having a

25  profile that reduces or eliminates the risk of injury to pedestrians who might come into contact
with the antenna (i.e. by tripping over it).

An even further object of the invention is to provide an antenna that is inconspicuous so



WO 02/ 097918 PCT/ US02/ 16919 conductive covering. Also optionally, the

el ongated el enents nay be positioned within at | east one groove or recess
of a st amdmoxboreishol e cover, or they may be enbedded wi t hPaTmsof/iaesh with a
traffic surface. In an enbedded or flush application, the antenna may be
fixed to and sealed within the nmounting surface by epoxy formulations

speci adsitd ®6d rdsistars €@Vandglidrhe type of surface the S antenna is being
positioned on or within. In accordance with an alternate enbodi nent, a

met hod of imsa&bédml @t a:ﬁ%t?ﬁ}%di nBodiABhPEOftle! AP iﬁdeﬂﬂ?oﬂ,racioﬁgpﬁ)ifgpe

steps of locating a |l ow pr di pole antenna in a position t
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.

conductively attached to the antenna, the second end is 10 attached to at

| east Wade BPmaan elgawishlly eondyatve matagial,\aepecpne glangated eleragns meade firerarthe he
traffic surface, and a portion of the cable | ocated between the ends enters
t hes syslenedllyrcondittiaamareial, agd a cahi¢ thagistcoadirtivelnanackied ko the S ahdisdcond | y

non- conductive covering, and substantially sealing the opening with a

seal anélor% | ARy  THe Firktind sO&AHnghted eRfhis'e Ehﬁzﬂﬁta HefphBthRSEK 30 IGd | Y

flush w the trarfic surface 15 1 s about one-fourth of Tan 1 nch or | ess.

The non-conducti v overing .is.qptional nd preferably is conprised of at
eas BRBiemd lnsls ) AleratlR elft The. A fefiE iRt e S GEPHIERE Pon
metal lic substrate. Optionally and preferably, the dipole antenna includes
two el RArgalbyeditle p substansialypomeondustyaevicEngy equal | engths positioned to
extend on opposite directions froma point, and the first end of the cable
i s attachedOptiortalig and prefanstdy,dhe fitseelpngated eléhent ang thecseadridyel anpdtedrededneanabl y,
20 the traffic surface is at |east one of a manhol e cover, a road, and a

Si geveyrk é‘poﬁlﬁi@nw‘% QRERH 18 oppositeSdifettions faﬁﬁ&ﬁbﬁmﬁ&n?ra SPAPht Bhe, AndtAHE M
sewer grate, or another opehing that is substantially at or near ground

| evel . Al's tionally to thi thod,,the el o e l.enents . of the

ant enn¥? i}d e 4558 ?‘? P%)HE% avdl]l?(ﬂ\e gnetsmtfi' d'})l\sl%o%ttﬂnapgit%%e gﬁgelﬂ%mdlsﬂ%mgﬁla?%ce and
sealed in place with epoxy. -4 WO 02/.097918 PCT/ US02/ 16919 There have

t hus beseennd) qlonggtediplemenit are pigedt angh posidenedrtafitgyithip one pF dPAre @HOQVES §F der
that the detail ed description thereof that follows may be better

under steoesdes afracstandant mMenholdatvet.hne present contribution to the art may be
better appreciated. There are, of course, additional features of the

i nvention thadccovdhice MBthARS SovEIesdBE@YMBTImehY, the eWctricalipédndadtive@ddériapar t  of

the subject 5 matter of the clains appended hereto. In this respect, before

eng al gljepegabfi'}t' mlcﬁl%§§ cocb%gr. efﬁ%%'iéﬂ? tHat %fot{ahgwip?éffﬁggg ﬂ@fe&iﬂ)l)d%o%l be-fohurth ¢

an inch or less, or even more preferably flush with the mounting surface, and the optional
substantially straight line formed by the first and second elements has a length that corresponds
to an operating frequency band of the antenna. The length preferably provides an electrically
tuned antenna that is capable of transmission in close proximity to a surface.

20 As additional options, the cable has a diameter that is at least as small as the diameter of
a standard manhole cover opening, and the substantially non-conductive covering is comprised
of at least one of rubber, plastic, non-metallic tubing, an adhesive, and a non-metallic substrate.

The cable may also be connected to a transmitter and/or a receiver. Optionally, the antenna

includes an adhesive material that is affixed to at least a portion of the substantially non-



to be understood that the invention is not limted inits application to
the details of construction and to the arrangenents of the conponents set
forth i nwde2dwdisowi ng description or illustrated in the dcawmspgmso19The
invention is capable of other enbodi nents and of being practiced and 10
carried out in various ways. Also, it is to be understood that the

phr as e@hagitivardvértig Al SitionalR tieyeondassdaildmerASmupbe pasitidried vathin atdledst
i ncl uded bel ow, are for the purpose of description and should not be

appr ec R o el Rl Mol o ol MBI b P BG

based, nmay be readily used as basi g. for the designi f other, 1
. st r uctdfraiic Sﬁéf@%&ka‘&ﬁ'ﬁg%‘g@flé’ ushapRligation, the Piienng yg‘g‘?/g?‘%{*otoﬁ\ﬂflﬁﬁgé‘% of

the present invention. It is inportant, therefore, that the clains be

r egar deithiaghd motniihigrsyrfanedly epopy feahelationsspedialized fassealingdlasf tape efssurfiesthelo not
depart fromthe spirit and scope of the present invention. BRI EF

DESCRI ARtéra! i beifgipodiMal NeDr2athim.G. 1 provi des a perspective view
illustrating several elements of a preferred enbodi nent of the present

inventive apt I | iRELtS PERIHUS £ s sahingigever al
el enent s ofBaaggég?%é;rﬁheﬁl ﬁ%%%%‘?ﬁn%ﬁltlﬂgét’ ?ﬁ% Hﬁpgselﬁﬁqulrl] ﬁﬁtv@ zlant enna.
FIG 3 provides an end view illustrating several elements of the preferred
eribod | HBHIE Bt ronps 5 e 56 o4 ORaE “IOREFUORPIBaTSH 2 PsHiRauRHdS *an
overhead view of a preferred enbodi nent of the present invention. FIG 5
provi dewstandallystusbedth erembeddedwishing tafie syrfasd, pladinglh gabie having h&irshiead ent
invention and FIG 5A shows detail of a portion of that enbodinent. 5 FIG

6 provimdessedord @RiSsoIRAtthofiit end i vonductvelg attsshed tethe ahednareind seobnd did ipr esent
i nventi on. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON

10, oThe. [ ' j | i p+) ] e tHeQYufpeOf i | €.
Tﬁle0 I o%%?%fﬁaet lg?{ﬁeg&lg%?ﬁgfﬁﬁ{ngﬁeﬁéﬁ?; lggélgés&?gci ﬁd Iﬁgga#}gﬁs Slejcth eas fﬁanhol e

covers that are |ocated  in roadways, pr, sidewal ks, near. irrigation.systens,
and in® aﬁ%’raqdo%B?ﬁgﬁs&v%grc@ﬁfﬂg?%dcg?mf% ep?%dgeeﬁ'tt‘frs 4oe f}ﬁt gl\lfrvofﬁ}b l e
hel ps to protect the antenna as it is contacted by vehicul ar and/ or

pedest enening, coatingcthe prishra with\a substantially nengganductiyve| coxering and sukstansially r est
at or below the primary 1 S surface of the roadway or sidewalk in an

i ndent @laling thelopbniag with £seaRASI on groove, a groove cut into the surface for
nmounti ng the antenna, a nanhol e cover groove or recess, storm sewer grate,

or other si ghliafallyOmahis HthddMtiR pokifibe iHaf sabRRHiaNG Aush WR tRNFAROSurkae! udes
several elements. "The elemenfs of this enmbodi nent include two antenna | egs
t hﬁ% alrs%bgl%rgnie-%wh & ancucl)crH)ch%s%! hgggﬁcgrtdu@ti&eo&qgﬁﬁé i\é%ptionally and preferably
is comprised of at least one of rubber, plastic, non-metallic tubing, an adhesive, and a non-
metallic substrate. Optionally and preferably, the dipole antenna includes two elongated clements
having substantially equal lengths positioned to extend on opposite directions from a point, and
the first end of the cable is attached to the elements at the point. Also optionally and preferably,
20 the traffic surface is at least one of a manhole cover, a road, and a sidewalk, and the opening is
a standard manhole cover opening, a storm sewer grate, or another opening that is substantially
at or near ground level.

Also optionally to this method, the elongated elements of the antenna may be positioned

within a groove cut into the mounting surface and sealed in place with epoxy.



20 material, such as copper or another netal. One antenna | eg serves the
function of a ground, the other is generally referred to as the positive

si de of MWwommtensna. The | egs are positioned in parallel wRCThSerwd19ot her
and formsubstantially a straight line, radiating in opposing directions
froma central point. The conductive material may be nolded or flattened to
have a | ow Phoé hhw thesloden astlived theamergpmportant features eftthp yventignein ofdes that
flexibility allows nounting of the antenna onto 25 a nmounting surface. It

i s not {hRefeesRa désdripiibn thedfHA folews WidyseehdiRr HfB&Ed0d,24Hd infbriécCthati the - 6
WO 02/ 097918 PCT/ US02/ 16919 nounting surface may be either snooth or

[ | ar.  For . I t.h ' d e ,
ol ot Cobreien T B b ey Be ke pRiadl PG PO RIOMRY FEGRE,
oo t pEiharmiemion ol bp e pen belomy s Which vl A a! o FHF b RIS o

rcable. Preferably, the wire is connected to the antenna |l egs at or near the
gaps | matter &f theeclhinad appendet] Heravon whi ch each antenna | eg radiates in opposing
directions generally formng a straight line. In this enbodi nent, the

ant enna gengy @l résgetd, béTvfe dxPRiiBhEMIEASE he etsbdnhystiof Me iRVéntioh M 8tail, el are
applicable to a half wave di pole antenna. The coaxial cable is of a

di t I it .t W R i andar d

10° nanfor S REiBA Rt By o't h 1 fRblealh & B Bl of Qe O 201
- t f i nch. Thus, difi ion of = o

or o1 or 85 p HEBTHEGTISHBAT U SARRAER g5t PHR 1 eV IR HERRY B AR Ay be

used wi th nounting surfaces such as manhol e covers having no hol es or
sl ot s, in thewhawings dEte inwetitionda capablodf other embdimenisandrofdeing praetiaed andi ng
surface to add a hole or slot to accept the wire will be required. In

ei {her c&As@ outthAriduswEYsl A16d,6t is 3o B anderétbad thiat hiePhiasdSlogyand teikigbiogy of
t he manhol e cover or other mounting surface is better preserved.

Nonet NehBRTed hiredl tel) BEmBabaehet fiEhude@haBl, Hoq0Pie pultlokest dedfifbilditind! ar ger
hol es, may Be "SRy hoaltordance wWith the ptesent Invention. The antenna

W re my ?Cﬁgl d avvaé?({rﬂm.t.he.antenna | egs in any direction which suits the
necess&iqp ir BPRHRRLN APoW A%y anpl e, in the case of nounting the
antenna on a flat or 20 slightly contoured surface where only the antenna

| egs are toAseudxgbesedkilleddn s arhwall wpprecigigythiethp ganaepbardioestpendipedl ar to
the antenna legs so that it may pass through the surface to which the

ant ennghich hixdBiseldsurs U asedl, nfuyob beadilpalsed as asbasis fon the desigdihg of wtler.
Optionally and alternately, the antenna cable may be routed al ong side the

ant enn i i I, | ity Ll : h or
R £ M R ol T

It is important, therefore, that the claims be regarded as including such equivalent constructions

insofar as they do not depart from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
20 FIG. 1 provides a perspective view illustrating several elements of a preferred
embodiment of the present inventive antenna.
FIG. 2 provides a perspective view illustrating several elements of an alternate
embodiment of the present inventive antenna.

FIG. 3 provides an end view illustrating several elements of the preferred embodiment



Optionally and preferably, the antenna |legs are partially, substantially,
or entirely housed in a protective covering. The protective material hel ps
to i nprow chvadmisl i ty and protect the conductive el enent sPORUSIEIGAND aft er
nmounting. The protective covering is substantially, and preferably

conpl etely, non-conductive so that the protective covering does not
interfefMGuith the 5 operation of the antenna. Preferably, the protective
covering is also flexible. Athough the protective covering nay have either

a greater Ofyd. @S8Videes SRrivfad f¥igwioph Ipkdfréd @fibddimbntt thdSreScab fivehtiore

el ements, preferably the flexibility of the protective covering will be

| ess than t of the conducti e
covering 3pﬁ%vagesg«fcr?sag%‘tw“ﬁat%‘i{%%fef FhufSaRGr el feRpOhTaRNT

Thi s protectlve material may be in the f rmof a sleeve, 10 encapsul ate,
sheet , a8y Fliny Acthpws detgHaf aparigspfithd smbodnest-ot ecti ve covering may be
attached to, or even replaced by a substrate such as a non-netallic

serfi conduct BIG.o6 peovidasi 4 chmassectonbls viewt ef aif aéieimatet enbodimenoot thenprebait ps t o
reduce the risk of damage to the conductive el ements during handling,
transppikntignd i nstallation of the antenna. The conductive el enents and the
protective covering may be further encased in an 15 external coating. This
external coating may be included with the antenna, or it may be added when
the antenna is installed in its final service |ocation. The external
coating substantially or conpletely seals the assenbly against the

'””“SD%‘T Eﬁ%ﬁéCRfPﬁb‘ﬂ%FfM 15 EMBODIAENES T%@MEQTIRDN ect the
ante rom ent erl ng € ca € external

coatl ng is preferably an e oxy 20 The final ext er nal coatl ,

ref®rred to hepwwtagvea’ﬁw&rpéa‘ﬁ%w 3y impoYRsh Ayenp having 3 LDI"’%PH’Bq? ikﬁg‘?‘ﬁlabl e
material that exhibits high strength once cured, and it preferably has a

t ensi | profile glimyvsthaadtensa &bbeused inrokations swlisis asalﬂt\pb:tpoaersibmallocatﬂdue and
PSI or higher. Preferably, it is noldable to the contour available on the

mount i RAdWEYS € QdewdlRs, %ﬁﬁﬁﬁgétﬂinl SibtefiB! &id B othEcloRatRMks Ywltdré @raffitSmhjp ee
properties of being inperneable to water, solvents, salts and ot her

WO 02/ Q 79 h \J i ternal
coat | BTt 31 HE Mhike 8 PR Z“f%%‘tta il %mf’a’cﬁﬁdwé%ruh SR,
curing properti wrelatlv K |nstallat|on use.shortly
after P‘P@ﬁ‘é’lﬁpartaﬁ‘;’n ¥ab§5(<‘h?dP\¥ pro e&“?) %%PP@H“%WS%P l’t’ee} the RERAY nal
coating may be conprised of an epox or rubber or plastic with an
adhiesi sweface bithegeadrer or sidewalkdh gn in atetion mchalmae GKRANSION RIEPVEDALIOPYRyCuUt
surface. The antenna wire, in the area where it is connected to the antenna
| egs, irfio tHeSarfdeebematihtingothy atitetha) s nanhelp soveigadvb yr tebesspstommesdwer gratgver i ng
and/or the external coating. In addition, the hole or slot through which

the anpeofar Winkig: Besms through is also pref erably filled with the
protective covering and/ or the external coating, thus substanti all y or

conpletely seali t.he 1 n nec o) the t enna

| egs agai ns gqgrqdﬁfr}bg ragh ﬁg%“%“tt?é‘b@tﬁ‘feéﬁ%eﬁa ﬁsolg}eeei‘ "éﬁnés Matfs to

secure the ant enna wire and nake it resistant to ext ernal | gads that may
embodiment include two antenna legs that are partially or completely made of a conductlve

20  material, such as copper or another metal. One antenna leg serves the function of a ground, the
other is generally referred to as the positive side of the antenna. The legs are positioned in
parallel with each other and form substantially a straight line, radiating in opposing directions
from a central point. The conductive material may be molded or flattened to have a low profile,
such as with a copper wire or copper tape. The flexibility allows mounting of the antenna onto

25  a mounting surface. It is not necessary that the mounting surface be smooth, and in fact the



be applied to the antenna wire in its normal usage. It should be noted
that, while the above-described enbodinent is a preferred enbodi nent,

addi ti ongo ygdodreylsi ons are possi bl e. For exanple, a singl erantusmimoleg my
be used, 15 or nore than two | egs may be used, and the leg or |egs may be
positioned in a’'l oop, a curve, or sone orientation other than a straight

l'i ne smolftfp AsfatdiMay BE ditlidrRthodth @rifregilas For kxanpleothe huntihgsiaficeoodd| egs,
bei ng made of conductive material, can take on a variety of construction

t echni e j i , j i

pat t or P EPebe BRASESIANTs miff chilg of GEINE GRS, o A AR BAL B ABRIN | ng
is not_included and the antenna legs are directly nmounted 20 to a nounting
. sur f aclocaiem only the external coating serving as both a protectant and an
adhesive. Al so optionally, the protective covering and the external coating
may be i nt eGhaantering hegs artseparhted by agap ansareragnneetagh o stsansmittes andior neesiyesr
material, such as for exanple a plastic or rubber having adhesive

quad i t bea wirdsudhagdlstiidaeRE comtiklosablel Peefiprablye thei wige s@oalidorg tarie mterinae
external coating -9 WO 02/ 097918 PCT/ US02/ 16919 nay be made of a materi al
t hat pf’e{g& bAbd Yeal Ehegé}xﬁal {@! ¥ cEiGeHi l‘p@ﬁ’l@%oﬁf wﬂicﬁ'e‘ﬂ&?%t@:?}rﬁxsleg triisted REYPPRSInEN! ¥

one of e two mat als"to protect the antenna. The preferred enbodi nent
descrihed above ig iJlustrated, jn FI.G..1. Referr] tg FIG 1. .a.dipale
ant enn a‘chﬁ'é’P% a@?raimfaﬁ’e% \?éhéﬁgghﬁ?ﬁ Jn hi§ ﬁH‘lﬁﬁdWEL Q@%ﬁ“ﬁ%&?ﬂ@“’é@ﬁ@ ﬁ'ﬁ a

| egs. Preferably, 5 the conductive elenents | and 2 are flexible to allow
t he el theesiectricad ahd physical ipoineigles thatare applicablede iadradf watredipelscntanng.e Toeenent s
1 and 2 are made of a conductive nmaterial such as copper wire, copper tape,
or any cedxigrcablenslufa disenet@tseralladnoupinto fimshrogghnotygizdl bolefor alot énedtaadatdhas a

| ow profile. An antenna cable 5 is attached to the antenna | egs, preferably

at 19" Rffholt P@veg.apre?é?z?&ly,%ﬂe SROH GHafiarhdi6r R BRccedifg abth bRc-Rif{ef b4 Mch.

i ncludes at [east two conductors so that one conductor can be attached to

h leg th d her
2t 1 achelEampREeRTLah e Fg Ot VRS afdghii el i ARl IR pReny

illustrates, the cable may be positioned to extend fromthe | egs i

n.a
di r ect inyentiveantgnsa gy bepascyith moupting,wirfaggssuchpy wanholecqrershavingngdiolest ed i n
FIG 2, the cable may run al ongside the |legs, or the cable may extend from
t he | egssldfs, inwhidlycasd medifidaticacifittemariRelemonemgotifel oufiting duefaed teadd & holer e
preferably encased in a flexible, non-conductive protective covering 3. As

noted 3pPQYFro ablHt e WikCW iR eQUR TYCIRY cRe, WRGHEa Shall B & used higSdtlefgthor any

ot her non-conducCtive material. Although FIG1 illustrates an enbodi nent
where the. el enen are | et el W) Q i i ng,
opt T ondr sk it B BeFn MRt oF other RERARES dshidt | U BegEs NohefiRlegt "0
el ements, such as the top of the el enents. tional | nd preferafly, the
conductsheuld benetadhal r‘%fﬂﬁ"r‘gﬁq‘féteb?”éff% @Piq \%“Sd%%rr l?‘ﬁ@s’ Héy%ﬁé‘sg‘{ﬁ’taﬁ%‘?rgé‘#fas ed
in or covered by an external coating 4. This external coating nmay be

i ncl udedthvthe presénd inventtoma, or it nmay be added when the antenna is installed
inits final service |ocation.

The antenna wire may be led away from the antenna legs in any direction which suits the

necessary mounting arrangement. For example, in the case of mounting the antenna on a flat or
20  slightly contoured surface where only the antenna legs are to be exposed, the antenna wire may
be positioned perpendicular to the antenna legs so that it may pass through the surface to which
the antenna is mounted, such as through a hole or slot in a manhole cover. Optionally and
alternately, the antenna cable may be routed along side the antenna legs until it reaches a suitable

position to transition through or off the mounting surface.



In a preferred enbodi nent, the external coating 4 is conprised of an epoxy,
or of rubber or -10 WO 02/097918 PCT/ US112/1(919 plastic with an

adhesi vewd badorsmr ves to fixedly attach the antenna to a sowmSHngyswur f ace.
As illustrated in FIG 2, the external coating 4 is preferably applied to
all or part of the antenna wire 5 that is | ocated above the nounting
surface. Fl GptidnddlyQuil peferablg) tHeamerna leds drdpartialby, eubisealtisliyh orlentizely hodise&| G. |
and illustrates that the 5 conductive elenents 1 and 2 are covered by the

pr ot ecgﬁf rdi@YiSE icﬁgeclﬁig. W eGiofetive mhiefial KEYEloSthpRdve fifalilibyeddagirocetthbng 4.

In an rnate e ment,” protective covering 3 Is not included and the
antenna | eqgs are directl ted to a unting surface .with only th

- ext or napnduye sigmants BFlpre g C e giapning - SRE BrofiivE shv i ety 08
optionally, protective covering 3 and external coating 4 are integral or

t he sapreférstdpcempletelys nprrconductiverse thatihg pratesiéyaxoyerngdacs net igferigreagitthgict he
rantenna wire through a suitably sized hole in the nounting surface or

r UM NgpdriGonbf theddntdi@al dGeferabligalidyprotditivabestiig seds flexiblepaithbughhthee t he
antenna wire can be routed to its final connection to the transmtter

and/ or pxro?gc?iivg %Bﬁ%rﬁlgmg%ga{uhame} Qg%ea&m;gepaégx@@ %‘F YRLibITRY 1R HRUSE @e

i nsi de” of a nman e antenna nmay be installed on the manhol e cover,

as shown jn.Fl 4, or in rQove .of e manhpel e cover. . 5.sho in
e Eongltiv lemits rateiohe M A ity of e BFCRY Cesh iR i e In RBR et e
attaching the wire to the antenna | egs, preparing the antenna |egs to

adher eof he gondvgtive ¢lements.f Earexampls. the Projechiveicovgring may he giade of mbberagplagicng t he
antenna | egs on the manhol e cover or within one or nore grooves in the
manhol er 6fh¢e hos-Qonidiativé hertaidhe Thisepratectivd amteriab magtbeninahé éogm dbHa tsteeve,
mounting surface. The antenna wire is also attached to the

tr g(Ps %%éa@ﬁﬁlﬁt@?ﬁic&e br Myt {thé bk, TRAIINidh, t]?eq;rgfe@tfifer @Rkedng Ma i(l))ﬁ gﬁf‘ﬁh@& to,i S

i ncl ude etween the antenna and the transmtter/receiver ow renoval

of the manhol e caver wthout damadin ant.enn he Wi k

t ransnft ?W/rféﬁﬁ%é'ﬁ S\{\l&tﬁ?%ﬂ’a? Iaf‘/ai%’%ﬁttgg? Aa 1??/ §/’t,°trt° ﬁgrcélﬁt?dé’ fa\ﬁcgsuk%gat%e
nounted on a surface other than the manhol e surface, such as on a roadway,
or everlhsareteativacayering helpeiogrduesihereleal damageio ﬁmoaiiuch cyEntrsinging

PCT/ US0211C919 flush with the surface, as shown in FIG 6, such as in
concr ehendlagphaisport canddnstaliatienefithe amtengeen a fl oor or wall that is subject
to traffic or force. In such an enbodinent, the wire nay be run to the

nmanhol e covghel@ndftiRe i@ feritd b 8t groftRtife coVerinlg MBY be FutiertdrcaseBIh@he
through a hole in the manhole side or a |ocation other than the cover as

:P%\ﬂq Igg\ﬁgria?s?ag%nglstr %agxt%ao%oggléi%%? %g nﬁéﬂd%ﬂ%frgglt@%teh% %triipﬂ%' be H&d}das o

. Ireror T grooves, 1rr ion system recesses, or
or 11 Mhgn ke BRTRICHERIGE i e grEise ocation  ShErRea eBRUGE BoeR A ner
encl osed or partially encl osed

completely seals the assembly against the intrusion of water or other fluids. It also serves to seal
and protect the antenna cable to prevent water from entering the cable. The external coating is
preferably an epoxy.

20 The final external coating, also referred to herein as an encapsulation material, is
preferably a moldable material that exhibits high strength once cured, and it preferably has a
tensile strength and is able to endure loads as high as several thousand PSI or higher. Preferably,

it is moldable to the contour available on the mounting surface. The encapsulation material

preferably also has the properties of being impermeable to water, solvents, salts and other



|l ocation. FIG 3 illustrates an exanple of an antenna that is capable of
such a configuration. In a particularly preferred enbodi nent, the antenna
of the pmasemivr9igvention is a dipole 10 antenna i n which powusinrgat ed
conductive el enents are positioned within a groove of the nounting surface
in a substantially straight [ine, the connecting cable is inserted through

a hol e;dniimbi SuchUhitesAls. APLEF&EBI9NME ek@rmal Ecting Yor beiapailitidrMagHal isdarabind t he
antenna sealed into the surface with an epoxy specially fornmulated to

adhere . r aAce, Ny | j he
vt EPRRin bod R BSCRAE honkieR o ARGHIGRER quit% hfallffoh, FAMEAGAL e,
5. a 15 manhol e cover 7 with the antenna nounted in a groove,in the surface
Cof ¢ heala HREAIERasto b ek el oo RIBferTP B ROMER (he REiEal atOR Ty RECORIRIGH o
cover. Coaxial cable 5 is shown extending through the hole to the cavity
beneat &f anheporp vn of mbbenvagrplaskic &ithsan adhgsinet that sesvesde &ixedly pttadhithe arteroviterent
*wherein it is shown that elongated elenents 1 and 2 (which extend above and
belpw i hRupligd¢irftet he drawi ng) are wapped in protective covering 3 and

enbedded wi thin external coating 4. 20 Wile this illustration shows the
antenna w tm iferlaQhific el 4 ielsBhakcAlth h s 3s L@wgg&ﬁme
above the surface of e manhol e cover, It shou e understood that those

el enent s be j ust |l installed perfecily flush with the. upper

U T acEovGToRar neAAMeted by dicprol s coseanbd e dripmhiebaie « hadfiioBoRe
invention nounted in a traffic surface wherein the elongated el enents -12
WO 02/ hele ot 8lopdrougowhichrtba antenrs wirh oassys threugloisi alsoopreferably Aillgd vathethef t he
surface and a hole has been drilled into the surface through which antenna
cabl e ﬁmlfa-,ﬁvb eeveringsadrbr ths erterratl dodtingnelus apbstanially ke completeipsedlmgpthe sed

t hrough an existing hole in the manhol e or manhol e cover, or a hole may be

drid | egh Qs JiRSRldlth® BoribctidhS ¢ 'E%mehﬁh B4 bathsCRRES ﬁﬁ-ﬁls”’lf)ﬁ.o'ﬂhe_ edﬁepsﬁla!mghe,

af!er the wre 1s passed through it, 1s preferably filled with an epoxy

and/ or.a,seal ant. The construction of the antenn a_di e ides two
N ege, i s Hen Bhe AP SRERE Lie Ansrin e b Fafke R afia drierRa B b %S
extending in opposite directions froma central point. Prior art dipole
ant ennbs appisdtatheyantange Wike ipils Roepalasagest ance, typical |y one-hal f

wavel ength or nore above the ground. This antenna, however, is specially
tuned to opfti shoukd ter howedathag wWhile ntha above-gessfibéd eadrotlimyent aisi @npreferred
Specifically, the leg lengths are specially tuned to conpensate for the

ant enn%ﬁo&a}fgﬁgﬁ&ﬁﬁ&iamﬂaﬁoﬁs %%gsiaenﬁéﬁaﬁ&bwﬂa&ﬁg&%&ﬁm ReaRkksyd, in an

enbodi nent o IS 1nvention where the frequency of the transmtter is
consistent with that of wi I el el 0 ralk ' | engt h
of 13 naor Bige s Rae e B U4 o She L TRy b PR ik BREA AR B0
inches. Surprisjingly and advanpt ageouysly, we have found. thaj such a.length
yi el dssarme eagntalion othsy %apésSErPkggt ]\’/ﬁf’eﬁ‘ﬁ?‘}%‘sé}i‘ﬁ @ﬁﬂ%\“& atggpabes § I%PNEH ﬁﬂhﬁ
surface. This also satisfies the antenna inpedance requirenents for the
connec hatennar legssbéing madaofthooduative piatesial, carhtake oma paristy ¢fccopstruction ieahriawes

al l ows uni que nounting opportunities. Wen attached to a flat surface, it

provi dgsaddéss@obtOMonh@hg te@hmigeess ahd Besired sightll paRen. Heddditiv, i amrakembtee
antenna resistant to danage from objects noving across the surface. Wen

rount egmggdi?neﬂaﬁ )fﬁé’ﬁr%f%cﬁ% &Rf‘éﬁng is not included and the antenna legs are directly mounted

20 to a mounting surface with only the external coating serving as both a protectant and an adhesive.
Also optionally, the protective covering and the external coating may be integral with each other,
or they may comprise the same item or material, such as for example a plastic or rubber having

adhesive qualities. As an additional option, the protective covering and/or the external coating



20 it may be oriented to utilize any surface pattern which will allow the
antenna to conformto surface recesses, thus making it |ow in height

rel ati vew@oidweomurface to which it is attached. Preferabbygr/usheider ght of
the antenna is no greater than about one-quarter inch, although antennas
havi ng greater height may be used so long as the overall profile above

gr oundmiag bk ¥iideof B aiateebal thaepdrtiallyld entivily O4radks Ot dishEgrasd) 2hsdeavingiondy | ow
profile also allows for the use of an antenna assenbly having nore than one

di pol e gl Dwo E;atﬂt&gggog %&lﬂfg arfeéidhi gur ation, each dipole elenent woul d

be nounted si de- stantially in paraIIeI w th a space between

each dipole gle e dipol.e e ts a h i f 'l egs”
but may be & ﬁ §H1t fl‘é‘?%?ﬂismb\f aoeee ’Se{ ?%I H%E(Epfeslggtg"{%g é pr ol\7| de
mul tiple transnlsS|on and/ or reception frequencies. For exanple,
conf i gadipolemtenny irichidesichaductiviestiments| leaner thaiseryeas theantensaless Efﬁfetﬂbbbne
*frequency and a second di pole el enent used for reception on anot her
f r egiueRyooniictive leidphents T Al 2rutetflgxitde ¢ gldve thel ebemmeritstodbecpositiomed th vdridusn a
common protective covering and/or external coating. Also preferably, the

extern fi‘&%eafh%’l%ﬁdlﬂ:?wé Bfé%ﬁtsﬁlbmg' D HddRrdf 'a%o&?}ctﬁé' Hﬁi&m Sithla¥ cpfdrer ent

from the appearance o iment using only a single dipole.” This

antenna.offers parti cul cost, of .const uct d
i nst al M (ARPETd PW§%¥(§W?18 e‘?*‘ét‘rg oh‘%g ??%‘Se con |té|)‘§ns

presented at tinme of installation. The antenna design is also such that,
when i peifdé.l ed in | ocations such as manhol e covers, the antenna is nearI y
invisible to the pedestrian, thus making it |ess suscepti ble to vandal i sm
Penet r ati on AlSaritétidi dﬁBlﬁEﬂisaatt\ablmd touhie hstenighi keps; tprgferablyt dteor memhthe ezap rtheat

m nimal conpared to nechanically attached antennas. The |low profile of the

PI ¢§ enge#ap%fﬁsr&g Ke%g.ﬁ'?h@@éﬁe fyﬂgiﬁa\fl tHERRRSs A ek 1V BdRStol\® tRltmERbAdctdrt y for

damage na resulting rom roadway traffic. For exanple, the

L A SRR D B R AT

This invention also mnimzes or elim nat es aanY alterati or]_1 nhoI e
cover & the amtennepleatthatgs dlepignated jas popitive.orAg REO-pliiliesiratess thergap H“é?t’ Gn. For
exanpl e, many manhol e covers are provided with grooves and/or small holes

or ot hebsitiegxs estendvirbmith¢ kigsin sdiemtiomthatia perpsrdiCuar tothentegs Aledmatély, as
antenna. Prior art in this area requires substantial alteration of the

manhol %‘ffg‘\“%%‘) PIR @Y IBE My Reh Abnédid RO 1RE M theWaBletndBdxaligrond the legdO

112/ 09 USOZ/ 16919 covers are solidin construction, this invention

r e%ﬂ res onl

t¥l hole or slot to allow the
in any other difech on

Returning to FIG. 1, the elements are preferably encased in a flexible, non-conductive
protective covering 3. As noted above, the protective covering may be made of rubber, plastic,
or any other non-conductive material. Although FIG 1 illustrates an embodiment where the
elements are completely encased within the protective covering, optionally the protective

20  covering may cover only a portion of the elements, such as the top of the elements.

Optionally and preferably, the conductive elements and/or the protective covering may
be further encased in or covered by an external coating 4. This external coating may be included
with the antenna, or it may be added when the antenna is installed in its final service location.

In a preferred embodiment, the external coating 4 is comprised of an epoxy, or of rubber or

-10-



antenna wire to pass from bel ow t he manhol e cover to above the manhol e
cover. Prior art antennas of this nature require large holes to serve to
secure t Mo azitoeymsa to t he manhol e cover nechani cal ly usi ngC#US6Y160@® t hat
passes t hrough the manhol e cover. 5 Further, |low profile of the present

i nventive antenna reduces or elimnates the susceptibility for injury to
pedest plagtitswith ah adhésivey thad séraed tonfixddly agtachrthe antannaltoea pwmpngurfasemikes it
very unlikely that a pedestrian would trip over or catch his or her foot or

cl ot hi iQsPfled RFIBNS SR EcterhAUDatidd Wisr&eRBly dppN&itol lboripart @8 i htehfd wire

applications requiring the placenent of an antenna in high foot-traffic
areas, -such .as sjdewal ks, floors.. decking, hallways and stairways. 10

- Anot he?ﬁ?aﬁﬁrlﬁféﬁde ovgftreexpggxtw Syﬁfl%e'i nvention is the ease of installation.
Through the use of fast curing adhesives or encapsulate materials, the

ant enna canFKa 3mraddes aoside Hew of Hisprefemed eabodiment qué@lwdéﬁﬁﬂﬁété%&%@ew t hin
*a short period of tinmne wwth mnimal skill or tools required to conplete the
pr of escondabtiveddléthénts hand pass @vafel by tioprotectiverxgpveringB) which is ia tuaqovered. Thi s
desi gn produces an antenna that is relatively inexpensive when conpared to

Convenﬁ%gx@%é?k%l BoiER A2 IH &5 highSatd Bﬂﬂ?(cg ![e%t, pRAc il boveriap 3{1@&&%&@& Agunting

nmeans a nical °structure to ma e antenna durable to roadway

conditjions., This invention also permts.nmounting.of the antenna op a

manhol ecgisana Iggs 41 g pynaimgh B fmenii s i oriie ek odind 4 on (o
route the antenna wire or achieve a suitable cavity into which the antenna
i s secesareigg asbeth aprateciasit andamadiiesive  Also pplionaflyRroteetive covenmecdandextergal oo
antenna is not totally rigid prior to installation, it offers flexibility
dur i ngcédiiagidnaé aitégrilic? thewanrdstm oemeteriahen i nstal l ati on conditions are |ess
than ideal. An alternative installation nethod involves placing the sane

stype anten [ ‘?ﬁ’% AN héh 4 lsplell PBle ihNt O a
pe¥¢mnent I yﬁﬁ%ghiﬁe %%bg t@('f’nos#%t t f@gﬁ?ﬁgd | u{si\tlt:iihtgléilléohvf/i ﬁﬁgﬁl'gjﬁeg&l o?

typi cal, roadway surface materi al.s. ,These materials can include .but.are not
115 e monbehsHBios T Fatns thesdt lonesidE 4 perthy e aufedin o8 19 BoiRtviBal '
A narrow slot is cut into the material to allow placenment of the antenna

el ementhej ansennpeyieneanthe novisddeiits fingl esmneefionigrthe trapsmigriprd/errgesiyer. Fafol e i s
drilled to connect the slot with a nearby open area to provide a passage
way f oexdnisle,ah¢ eammitadxdeiver aadylbe namniteaisnside of ohaniwie,cnd dre anténea draylbeed
hole typically leads to the area where the connected radi o S equi pnent and

instr _l“ﬁ?fhtll%d Wnlthe RANAGIE 3664, asTHRWAHThETIGA 4EbIEHE bfooRé Bf tHeaRartRRIEcoVaE,alspr 00f
by. filling the slot with a specialized epoxy that is designed especially

for.sealing.t type [ jial J i e . i.nt o.
oS ancuargrDs: LEEL G T hEaNRe e Wire LISy M G0 48 REhOG SURCHERHIE", O
fromthe transmtter and/or receiver to which |t is connected, For _exanple,
t he antheimize feethe pricRIAgS PERaries e aptepnalGe 3@*‘61136‘& amaynting sHrfpeg s r
network, and the antenna could electrically transmt the data collected by
t he f| dbwaddihgan sdhesive,@ndplaemgshecintema degs ontheananhoiecayet drewittiio anger mere a
nobi | e recei ver such as a receiver nounted in a vehicle, or even a

hand- h%}(ﬂ)véﬁﬁﬂh’é @hanhole cover so that the adhesive attaches the antenna legs to the mounting

surface. The antenna wire is also attached to the transmitter/receiver within the manhole.
20  Preferably, a disconnect is included between the antenna and the transmitter/receiver to allow
removal of the manhole cover without damaging the antenna, the wire, or the
transmitter/receiver.
Optionally and alternatively, the antenna may be mounted on a surface other than the

manhole surface, such as on a roadway, or even partially or completely embedded within and/or

-11-



The many features and advantages of the invention are apparent fromthe
detail ed specification, and thus, it is intended by the appended clains to
cover alwoeomdy7dmat ures and 15 advantages of the inventi oRCRAISEH1OH |
within the true spirit and scope of the invention. Further, since nunerous
nodi fications and variations will readily occur to those skilled in the
art, iflushsvittothe daficecss showhiimFIG.t6hsuchrasémtonorete, asphalt, ethergiaveroergt oneyen on and
operation illustrated and described, and accordingly, all suitable

nodi fi r figl |
e PR kTR, s, of ol et

PCT/ US 2/ 16919 tenna. conpr.i s el t

- el enen HEHE]]F ré%*’%?*’é@?‘f%é’ﬂl IP‘(Q,%nﬂU(‘:P’ia}; nt ¢1gﬁ1mﬁ°]ek}{r§é%}'on§°q9fnot§gat ed
el enent made fromthe electri caII conductive material; and 5 ﬁgcablg t hat
i s conaaehaley gidg ostatlgedtion atherrthan fher“é’tve’étﬁﬁs@éﬁb’r‘i’dﬂg Englimay ¥5e heppsse
*wherein the first and second el ongated el enents each have a height that is
of 5 | thveuphafthéreloeaibnk,esugh has stdnmt sesree geaidss tianor trhéky grogued, jirrgatiomkgstan n each
el ongated el enent is covered at |east partially with a substantially non

condu Cxtebé’s‘é‘esc 8Y Gﬂhhﬁlgcatijtﬁs An sI&?ccﬁiﬁtgﬁfhﬂ%antheCJvﬁ‘é fRa¥ b 8168¢ B shrfffef érfibiay

el ongated el ement and the second el ongat ed el enent are positi oned to ext end

in opposite.directi.ons formsubtantl r ai 1

separ a %W%Wb?dg‘&{‘}“?& PN GTeRCR HEPY éth eﬁ}lgﬁerfggggedr}ﬁps @M%rgclcgs]g delaim
1 wherein the first elongated el enent and the second el ongated el enent are
si zed logeigoElG Hllugtrates a1 exagplg,pfanpniensa tb?éfsecag?%\?égu ra Gopfigwaten.of g
standard manhol e cover. 4. The antenna of claim 1 wherein the electrically
conduct i ve het partialladypprefirsd enth@dongcthe aftennid thepresend ifeniomisra dipelher ei n
the height that is of a low profile is about one fourth of an inch or |ess.

_lin aA&@uQ%O\SKi%ﬂ&hEgﬂngﬁ@@/camavé elehitatsodtt QoBitionéd Witinma Zrodver ¢fi thet he

substantially straight |Iirne formed by the first and second el enents has a

o PR EE T b SRRPAE d CSAUERE LB N Bl Mo £ROE. © 7

The an rern provides an electricafly tuned

antenna that is capable of transm on i.n cl os roximt surface. 8.
The anttdhasirgce andexiends fhaeaity bF‘Pf"é%bthB purfacesand the Se‘flﬁ% iq @‘e S¥rface a5t as

smal | as the diameter of a standard manhol e cover opening. 10 9. The
ant ennwithfan epeiynsptciate foznnlatdddo adiese stnerighy angd peomarsoty tecthe werfaseyasris wglli s
conprised of at |east one of rubber, plastic, non-netallic tubing, an

adhesi ¥gowRifltha H0FIBE. 3, ISAC abd losillustiate vﬂaﬁ)lﬁ(hspéﬂl’@otalhﬁséﬂﬂbodhfneﬁd BIG51a
further conprising an adhesive material that is affixed to at |east a

POf4 i Oﬂaa%olé ngé l”%h?‘ﬁﬂte L flehia MBMHEP HP&’gJoB\‘/eein‘%Hé/ §lrka88 of the manhole cover that
is continuos with a hole through the manhole cover. Coaxial cable 5 is shown extending through
the hole to the cavity beneath the manhole cover. FIG. 5A illustrates detail of this embodiment
wherein it is shown that elongated elements 1 and 2 (which extend above and below the plane
of the drawing) are wrapped in protective covering 3 and embedded within external coating 4.

20  While this illustration shows the antenna with its protective and external coatings having a low
profile above the surface of the manhole cover, it should be understood that those elements may
be just as well instatled perfectly flush with the upper surface of the manhole cover. FIG. 6 shows

the antenna of the present invention mounted in a traffic surface wherein the elongated elements

-12-



11. The antenna of claim 1 wherein the elongated el ements are positioned
within at | east one groove of a standard manhol e cover. 20 12. The antenna
of cl ai mwio udx@reisn t he el ongated el enents are enbedded w parTwsez1diush with
a traffic surface. -18 WO 02/ 097918 PCT/ US02/11>>919 13. The antenna of
claiml wherein the cable is also connected to at | east one of a

t r ansninot SHowa gredokiti6Rdd/iara grddve oktliesifact ok o hvdé Bdslbieag dalledintothesurfase a | ow
profile position, conprising; 5 locating a low profile dipole antenna in a

posi ti%&gﬂ%hi&ﬁa@%ﬁiﬁaﬂfeiﬂés%eéﬂ H%Qed"‘ th or enbedded within a traffic

surface; acl ng cabl’e having a tirst end and a second end so that the
first end is conductiyely attached to the tenpa, the second, end |
attached t okaen pdslqnabfertagy the irciay Py pasvediiitpugh A uieag qle mihe panholy
system under the traffic surface, and a portion of the cable |ocated 10

bet weeeor marhobnuyer at hgle may beydsilledfarhnsgitipn of theowirei ligguck 8 genfigyration, Bat enna
*wth a substantially non-conductive covering; and substantially sealing the

OpeNi NBPol¥i dffdr theSkind idPlassed throtgleit N6 predetablly fitlediwithlsh oory ahdrot Nseahms.i ti on
that is substantially flush wth the 15 traffic surface is about one-fourth

of an.inch fhe Lafuctih of HHE aNBANCR Phipblersidds HRPHEL SNEnARI FRRGIC! T ve
covering is conprise o? af Teast one of rubber, plastic, non-netallic

tubi ng, an adhesi.ve, and. a non-npetall.ic.substrate. 20 17. The t hod of

ci'at ey SRRt e DlsPeha A S RGBT PRSI A eeiodn Sim A SERBRARIL: havi ng
substantially equal lengths positioned to extend on opposite directions

f r om aPpoi ait dipaledintennas gansrallymanspbe men@dtgldestweaw&eﬁb eng-balf-waveleegtent s at
the point. -19 WO 02/ 097918 PCT/ 11S02/ 13019 18. The net hod of claim 14
wher ei br tbe dbbeé fhie@raund! ates arkersa) wedr, fig specialie tgred wp optixnize perfognaice
roadway, sidewal k, decking, floor, stairway, storm sewer grating, and

meqol & dacl‘r%a\‘ﬁﬁo?é coRfi ]E;t?ontrs{a%g?cag& thé Rk 'En]g@s"ﬁ@@ﬁﬁ-biﬁll%’ Afie@ REINEnbate for

st andar ol e cover open The antenna of claim 1l wherein the
first elongated el enent .and the second el ongate l.enent are.siz nd
pos; 1 BBt T FosRe RO gh et cRGFEIgP SHORE: Bretr g got at BpSa e A o o
manhol e cover and wherein said elongated el enents are at |east partially
enmbeddinyentianivherg thedeganencytaf she tsansmaties ds epnsistent pith that & a wixglpss tetendpene o d
grooves. 21. The antenna of claim 20 wherein said sealant is an epoxy. 15
22. Theheavtmtirambined laigth df thé kegeisrbetweenaboiti sive aind-emeghdif afd abbiit sevemaat- ed
elements is substantially in the range between about six-and-one-half to
seven- gRdnApaidhad. f SiipfidRBly and advantageously, we have found that such a length yields
15  satisfactory results when the antenna is on or flush with a surface. This also satisfies the antenna
impedance requirements for the connected transmitter and/or receiver.
The low profile of the antenna allows unique mounting opportunities. When attached to
a flat surface, it provides for a low profile above the flat surface, helping to make the antenna
resistant to damage from objects moving across the surface. When mounted on a textured surface
20 it may be oriented to utilize any surface pattern which will allow the antenna to conform to
surface recesses, thus making it low in height relative to the surface to which it is attached.
Preferably, the height of the antenna is no greater than about one-quarter inch, although antennas

having greater height may be used so long as the overall profile above ground is low or non-

existent.
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23. The antenna of claim 1l wherein said elongated el enents are di sposed
within at | east one groove of a traffic surface, and said cabl e extends

t hrough avdrnot/@7m18 sai d surface that 20 i s continuous w t hPsaiusoAtIeY%east one
groove to a cavity bel ow said surface. 24. The antenna of claim 23 wherein
said elongated el ements and said cable are at |east partially enbedded in a
seal ant t hatThd iow profile dleciallows foerthé ase cffansaitehnatasdearbdy havieg grooothan and hol e
in the surface. -20 WD 02/ 1197918 25. The antenna of claim 24 wherein

sal d sg3LRMY nte?n o BRYY nﬁ%ﬁﬁg%%fohl%% d%fble dBmeAN 600 Be ﬁtouﬁtealsmezo?y

wherein sal traffic sur ace 1s seletted omthe group 5 consisting of
roadvva%/‘d%3| dewal

mannol B Syearnalhy mpRe ¥iihn st beSieRh ST st ARTERG. (o6 SR AT

substantially flush with the traffic surface is one or nore grooves in said
sur f aceachwempsised shivip Sleaigaut avryebepbdificrant dengthsgigibs and{gr thicknessssdoone or

"nmore grooves, and said sealant at least partially fills and seals said one
or 37or grogideameiiple 2Bnsmidsionahdrotireoéptivhdtequentiesh dloe exanspie,th confiparation sagn
epoxy. 15 29. The nethod of i nst aI ling a |low profile antenna conpri sing:

cut ti ng, Oiyg a% &9&1% hO@8 For nath brfe FeubAGLIndH decbhd\@ipBletMrferdthat is

cont i ntiouUs wi th ast one 0 sal one or nore grooves and that ext ends
to a cavity bel W said surface oga e_Qkh ngat.ed conducgti ve
el emenbieddpr ce wnMPﬁ's F fenn Gy BE oo pbol SRBRUE TSR

el ongated el enents are substantially flush with or bel ow sai d surface;

di sposwifinaa eementpaqtestéy cacoviering ard{er cxfempbienabinge et prederably, de&stmalng so
that the first end is conductively attached to said one or nore el ongated
conduchppearante of sich, a torediguraibings Ineh gobistantinBy different dfogrh theiappdanines ofiad sai d
second end extends into said cavity; and -21 W O 02/097918 PCT/ US02/ 16919

fti{gi ngm%dlhﬁﬂ§ﬁ51 ?E'sﬁi@léﬁl slee volune of said hole and said one or nore
grooves wth a sea such t at at Ieast a portion of the el ongated

o erent | SO g AT AP oo B i

about two feet of a manhol e cover qr st or m sewer grati ng ? f
techniques which can be tailored to the surface conditions presented at time of insta latton. The

antenna design is also such that, when installed in locations such as manhole covers, the antenna
is nearly invisible to the pedestrian, thus making it less susceptible to vandalism. Penetration

15 requirements when mounted directly on the manhole are minimal compared to mechanically
attached antennas.

The low profile of the present inventive antenna thus reduces or eliminates the
susceptibility for damage of the antenna resulting from roadway traffic. For example, the present
inventive antenna is non susceptible to damage from snow plows, street sweepers, and other such

20 equipment that abrade the road surface. This invention also minimizes or eliminates any
alteration of the manhole cover or other mounting surface itself for the purpose of installation.
For example, many manhole covers are provided with grooves and/or small holes or other
recesses, which this invention can use for mounting of the antenna. Prior art in this area requires

substantial alteration of the manhole cover to allow mounting of the antenna. Where manhole

-14-



cavity is a stormsewer or sewer pipe bel ow said nmanhol e cover or storm
sewer grating. 31. The nethod of claim29 wherein said sealant is an epoxy.
-22 WO 02/097918 PCT/US02/16919

.An9. A&L. A&L. A&L. AF&r . Ar. A&&L. A99. A& . A&r. A9. A& . A&L. A99. A&r. A&&L. A&&r . AY&9
A& . A&r . A&& . Aa9L"9HI OLM Wi x3} & 3

~yt o] ecaldsata0nd anteaniraaianiiaimehfianteqairesadnip heajatidioctaprspicia] allwpctipca] ca]
c”a] ca] ca] ca] ca] c<a] ca] c™a] ca] cal] ca] ca! m 3Lhb-62J, {vqgl gb] X] c] ca] ca]ca]ca] c

a] ca] c?,]: 6 Ca@kerq.] @gj %ﬁadew trUnsRldabsak taLesv Stk GaltRlCalverl PRbeAAl cal ca

] ca] ca

e xsni d ajl.c ca ca cal cal] ca
1ca] gap@a?@aptﬂlﬁg%%%rea 15%]65%%‘@3%5&3 %’é(}’ ec"‘}f i ‘“?’J 25 i‘ﬁ%l‘ s}é@ﬁ@g& ver]( k(](l)
))) v **+++{vql gb] X] c] ca] ca] calcalc g]Exca] ca] ca] c"a] ca] cal ca] ca] ca] ca] cal ca]
ca] ca] msthaniesdly vaing 4] dsxice dhat apssatsheeysbdhe ipakale sover+) ++, d, o, - .B/]1//0q
©002111@Q@X2[ 2t 2263@333] 44{ vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] caj ca]
calga] ca] ca}?ﬁﬂ]xcra]lo\a] pafitaof ahe gireseht afehty € antemhe afdades adre elimi{aks<666_77! 8
—888U99 u: @i

, K<<= eabwalrefie] caj ca

Fcafﬁﬁ])ﬁg] Ca@&?] %&é&ﬁ]ﬁ@k&ﬁh@%@@l&@d& Aifethe %&ﬁﬁ&aﬂh ?As

] ca] ca al cal ca] calca] ca] ca] ca] ca! G?} ??. ‘BBB>CECH

cal ca] EEFESH vy QARSI Lt BedRR e AP R e sF A b @% TR %f TR TS e

CLLLAMMVNZN| NN?OCOCh P} PP1QQQ,

RRRTsss@;]em iThuy, the P}’Q§Qf]tcla]’@él]06 ds segfelfor applicptianscrspvisng 4he plecement | #nca] ca)
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! S3TTT" UUUUUAVVVVVAWNNOXXYMYY( Z
ZZ1[ g [ahtehdad inHigh fplof-alailfc] wedscaich a} sidbiyvalky,divjocs decking haHivays] amd]slml]waaf]s ca]calc

a]J ca] ca] ca] cal] ca] ca] ca]ca] caUl ca] calca]ca]ca]calca!?]]] X _n__- Qaabobb(
ccgfdddd9ehagitifct Aap@vbtndTieeéity thisaheakienlis ok calcalisaiitabasTeehgaideca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caljcalcalhi~ii@jj>kkk]lI

caj ca
] ca] ca]uéea céﬁt ?‘@PC%JQ' ?&%]C%‘{SP Y%Igg‘%ca ]d] f‘m P%f‘?ﬁﬂc ?‘?lé‘f l%]Rss]
tott* uuuuvdvvavwvx XX5y
(21 (. RPT pepren PR g sy eitie 4 wf‘c%ﬂf@&] Halfrmg e ea}leaj gaiflcer) CalFca) cal
ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca! ~~4~~~] b& %5
{vql gblrequirké a3 calefeabd pratesa] Opfiosdllyahnd puiferablyadebdling onveldjngdp exired-ca] ca]
ca] ca] ca]ca]ca]ca]ca]ca]calcalUcalca! Z',nv Wu
"z! DT{ viiigBdsigd prodices i ahterdLCnhtGatdlaiven] lﬁahﬁa&nca}vﬁed&mﬁzeed papaadmidhgla] ca] c

a] ca] ca] ca] caJ cal] ca] ca] ca] cal] ca] ca] ca] ca! [ FFNQk nvj o;

e canShi ARER f ??%F?‘L“‘F Sl G R R O R RS

Z]Lﬂcg?]cga] a] ca! ca! cal)f: ia! !ca H‘i@% ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
z109%&' () - LlO%—i& ()-L109%& () - *910%& ()-om H* 10%—1& ) - S10%4K!

109! () - @Fhiviaveiogplsommentts m@snEsfidie {nftennaonaupERo)e covaRor Gl om . gz
10948 () - S) SH10%4&' () - - L310%H& () - *10%& ()-' 10%4& ()- @f#10%& ()-
UYZ[\ i xpéa th@%i&wa#ﬂuﬁ’ﬂrﬁ&n(mal eRAAVHT08, (o) roRtEQRGA/iténna wifthér hblieve a suitable cavity
10HE10%4& () - : - #10%4& () -3} 3 dEDC

109%4H& 0
109 & ?‘S/t% %((%&%tgtﬁﬁféﬁgélgecé %r{ Qﬁéﬂé&é‘é %%%%gégﬁﬁleg %%a(ténals Because the

100 (a%nt Sl% taél§r fok c%ﬁt%%séa}lati@%gt %Eéf‘% b%%?%&%@?ggon process,
10%3& () -bxnbC 10%4& s&10%H& ()- 105 105 105= 109%&' ()-

109%& (e)/elywhmmallet)wremcm&a(e) lessghamigeal 0o LA 09448 () , TH10944&' () -,
cg#10% () - @ 10%H& () - " &10%K () -, g10%H&' () - ZIdEnDC

10948 @ SH10-RtematiiE 0idi8lalipn method involves placing the same style antenna element that
1094 () -, glo%& () -, | g#10%K& ()-,, g#10%& () -, EdEnbC

' iggﬁ (@j’ﬁé@?@ﬁ)ﬁ%ﬁ?&@%ﬁ#ﬂ@%ﬂ&oﬁ)lﬁ@@%ﬂw mélﬁﬁ@dgpds)tro@that is buried just

1?;@33‘5%‘%@% %ﬁﬁé@fﬁﬁ%ﬁ%ﬁgﬁ@%m& g&é‘%%%%% o RN aPaGH 10

109448’ () - S8@10%4&' () - pUJEbC 10%H&' | z#10% & (
10% & ()-L-10% & ()-z#10% & ()- z#10% & () - 32#10%& ()- | 8dEbC 10%& @
10% & ()-,sz#10% & ()- ,3z#10% & ()-
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ULON & () -, Z#10% & () -, Z#10% & ()- { :11"dEbC

10%48' @f#10% & ()- @ H#10% & ()- @)f#10% & ()- @' f#10% & ()- 9BA0% & ()-"
10% & () wa@bsi@smt#adE: /| 10\ 10\ =10% & ()- S810% & () -, 6 10eA/st16919

SA10% & () - S@f #10% & () - 0%40% & () - ####S $S$UVT/ 10@ #1098’ ()-! 1 Y

1008 () @HL0%R ()-  10%& ()-"&L0%&' ()-910%& ()- 10\ $% 99@n&&*' dE7/

10@ #&§dtd dondbetil Bk, ahd SHhEH.0ARatrbwStA&@nt6 Yhe material to allow placement

109 ()-s109& ()-*"""'(K((1)dE7/ 10@#f' SH109%&' ()- &$%O09& ()-f"SHI0%&R ()-,Vy

109%& O ().~ ' v - ' :
5% M oS M M AR il
10@ 10948 () -, 10%4&' () - S&10%4& ()- 10.10 10= 109& ()- .
. 109& ( joqamnact the sipt M@Eﬂ)@e&fgwmﬁg Rrovi ae@ﬁ@eﬁay‘f&)@%@%@%"?@}@%ﬂ )-Y
109%4& ()-  10%4& ()- ,- --...dEbC 10@YA0%& ()- @' y#10%& ()- @
y#10%6-8hd Jss@idtedodubicétpr. @hicldilidd hole typicdligleadsyto tHe/dr¢a W@ thBlsonnected radio
- 10@0f #109%4&' () - . YA0%& () - SS, f #1098 () -, &*
10%4&" Equismbi Aiiienstrhmenivi l Yelfodaled0 2hé hdehizd/@ Wi el XhehORAdDirhtdPrbot Biy=
10948 () - 9%0%H&' () - fY7SHLO0%AR ()-f, 5SHL0% () - S2f #109%&' () -

X2t 22 6%@%@&%&%1@@&5%@5@ éBo;()) fhat i$ gg/élié‘ie(i)eép%cially for sealing the type of material

that the antenna is being embedded into.

The antenna offers several opportunities for delivery of data signals to or from the

transmitter and/or receiver to which it is connected. For example, the antenna may be connected

10  to a flow meter located within a sewer network, and the antenna could electrically transmit the

data collected by the flow meter to a receiver such as a central data collection point, a mobile
receiver such as a receiver mounted in a vehicle, or even a hand-held receiver.

The many features and advantages of the invention are apparent from the detailed

specification, and thus, it is intended by the appended claims to cover all such features and

15  advantages of the invention which fall within the true spirit and scope of the invention. Further,

since numerous modifications and variations will readily occur to those skilled in the art, it is not

desired to limit the invention to the exact construction and operation illustrated and described,

and accordingly, all suitable modifications and equivalents may be resorted to, all of which may

fall within the scope of the invention.
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8109 & () - @y#10% & () - SS#10% & () - &M 10% & () - 3] 445{ 55<6dEYNC 10@
3#109% & ()- &YA0% & ()-fSH10% & ()- fSHI0% & ()- SYF#10% & ()- Sf#10% & ()-
<666_77! S¥GOENGISL0@ yy) 10% & () -y9' @10% & () - &9BA0% & ( PeTiISHHIDIS & () - f
SH109% & ()-f SH10% & () - =888U99: u: dEYNC 10@

6T#10% & ()-1 4@10% & () - y@SH10% & ()- &09%0% & ()- y-SHI0% & ()- @

109 & Whatiis claimedis:; bC 10@ 1096& ()- "9109%& ()-L109G& ()- 10" 10" 10"=
109 & ()-8109% & ()-.;;; K<<=k=dEbC

10@8 f #109B& () - 08 ()s s 3% 0UEE () - @ #10%B& () - @
f#1096& () - @@ #1 %&EE"?@ =a§)§>"§§é95.'§ﬁ.dhlzi'bléc) 10@ 10%35&')()- S#10968& () -

f F@109%& ()-. YA0YB& (): SSH109G&. () - Sf#1096& () -122. @aVAKAJELC

. 10@ - 109%6&' %‘)ﬁ-fifﬁ gé‘@ég'e(r)en@Lm?&%oﬂgﬁv?@caﬁy@ﬁ%% o 1A’0/@/&0%5&' ()-@y
10968&' () - kAA" BBB>CBCCCDCIE: / 105 105= 109%%&' () - y8g#109%6& () -

6@10%& () 2yaondehmgatey clegratmadaiom)the elogtoioalky opdugtivetensbomdy: /

105 L1096& () -, g#10%& () -, z#10%& ()-, Sz#1096& () -, g#1096& () -

sgﬁ (1)00/;@&'( § ) cablle B onbfetsa . attadlitd to R B0aR seporididlsfgated)cleghet b8 () -

wherein the first and second elongated elements each have a height that is of a low profile

and lengths that are substantially equal; and
wherein each elongated element is covered at least partially with a substantially non-
conductive covering.
10
2. The antenna of claim 1 wherein the first elongated element and the second
elongated element are positioned to extend in opposite directions, form substantially a straight

line, and are separated by a gap to provide a dipole antenna.

15 3. The antenna of claim 1 wherein the first elongated element and the second

elongated element are sized and positioned to fit within one or more grooves or recesses of a

standard manhole cover.

4. The antenna of claim 1 wherein the electrically conductive material comprises

20  copper.

5. The antenna of claim 1 wherein the height that is of a low profile is about one-

fourth of an inch or less.
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@f#109%6& ()- , 109%& () - =GqGGHHHFI dE: /

105 fy) SH109B& ()-f9' SH109B& () - &IWA0YBE () - S' SH109B& () -,

1096& () WasA0eBRIS() - FI | Ji JJ+KKAE: / 105 y6SH109B& () - PCT/US02/16919

f4f #1096&' () - @#1096&' () - 0%A0%6&' ()- f-SH10%G& ()- f+SH109G& () -
KKKKKKLCLLbC 105,Y z 10% & ()- @10% & ()- @#10% & ()- M 10% & ()- 105 105
105= 109%%& ¢.) - LLThaAeYnadFl i Q5erdiathesubstabiflig stta(ght SRé AirHosl By (the
SF#109% & ()-S39%4.0% & ()- SS#10% & ()- | NN?OObP} PAEBC 1059 %

0% & Xn ( &
} P OGO B Spnlas S GHER hsome BRIVl dperd G D ()1
yf) S#10% & ()- S9'y 10% & () - RRTSSSSSSanbC 1059|v| 10968 () 10" 10"

- 10" =109 8 J 841008 & ()- 6, #10% & ()- | AT#10% & () - S3TTT" UUUJENDC

105@ #109%6&’ () - s394.096& () - 1096& ()- @

1096& () - @@ #109%6&' () -, g#109%6& () - UNMVVAVMIENDC

- 105f SH1096&’ () - SYf #1096& ()- %4098 ()- S1096& ()- SSH10%B& () -

SI $#109%& (J-  The antenna of claim 6 wherein the length provides an electrically tuned antenna

that is capable of transmission in close proximity to a surface.

8. The antenna of claim 1 wherein the cable has a diameter that is at least as small
as the diameter of a standard manhole cover opening.
10
9. The antenna of claim 1 wherein the substantially non-conductive covering is
comprised of at least one of rubber, plastic, non-metallic tubing, an adhesive, and a non-

metallic substrate.

15 10.  The antenna of claim 1 further comprising an adhesive material that is affixed to

at least a portion of the substantially non-conductive covering.

11.  The antenna of claim 1 wherein the elongated elements are positioned within at
least one groove of a standard manhole cover.
20
12.  The antenna of claim 1 wherein the elongated elements are embedded within or

flush with a traffic surface.
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VOXXYNYY( ZdEnmbC 105y +S#109%6&' () - f) SHL0%& ()- f ' SH109%B& ()- &
WA09BE& ()-f"SHI0WB& ()-f SHI0WB& ()- (ZZZA[F[[[[dE/ 105
105y99g#100@82/¢)7918B6y 109%%& () -y4109%6& ()-yf2S#10%B& () - &&KOPLCTABE2/ (6919
y-"109%8& ()-[[\{\\?]]1]1xY:/ 105, z#10%& ()- , z#10%K& ()-,| g#1l0%& ()-
, @#10%4& () -, g#10%H&' () - &M 10%1&' () - 105] XA _n__ - "dE:/ 105, S3S#10%4& () -
%40%H&' () - 13.0%Rhd ant@fialdidism(]) whainithe Heisle (9 alshorin@eted t¢ pt least o@aababdE: /
105, ff) SH10%& () - f9' SHI0%K ()- BA0%UK ()-S'f#10%UK ()-S
SH10%ardshritterd HaQUEtar- Obb( cccPdddE: /
105, y6S#10%K () - f 4f #109%4&' () - f S2f #10%H&' () - 09%A0%H& () -f - SHI0W&' () -
f +S#10%4&' () - dddddd9eheebC 105 10%& () - @10%H& () -
- @#10%& () - &M 10%4& () - 10H 10H 10HY=10%' () - e#fff9gggdEbC
105SS#10%1&' () - SSH10%& g) - 9#10%—!&' ()=, . ..
10948 () - #1HocAmethpd:ohinstallme g 2REnnR jrig lpepprofilgsposition, comprising;
"ORA0WIE () -S"SHI0WHE ()-S SH10%H& () - SSSH10%H& () - SFSH10%H& () - A0%K () -
@ j§ >kkk] | dice&ingds &SR pidfieidigole BAENRGHS { posifiorbtibd 44-8ibslantidhSHAFMED (Or- v)
10944& ()-fL' @0%4& ()-]I1 mMmmm n nknknbC 105L10%& ()- 10H 10H
10HF=10%bkided WD Y6t suba&# 10%&' () - f 4S#10%& () - <nKnmm_nnodEnbC
placing a cable having a first end and a second end so that the first end is conductively
attached to the antenna, the second end is attached to at least one of a transmitter and a
receiver located in a system under the traffic surface, and a portion of the cable located
10  between the ends enters the system through an opening;
coating the antenna with a substantially non-conductive covering; and

substantially sealing the opening with a sealant.

15.  The method of claim 14 wherein the position that is substantially flush with the

15 traffic surface is about one-fourth of an inch or less.

16.  The method of claim 14 wherein the non-conductive covering is comprised of at

least one of rubber, plastic, non-metallic tubing, an adhesive, and a non-metallic substrate.
20 17.  The method of claim 14 wherein the dipole antenna comprises two elongated

elements having substantially equal lengths positioned to extend on opposite directions from

a point, and the first end of the cable is attached to the elements at the point.
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105" YOL09B8 ()- @ #1096& ()- @f#1096& () -, Sz#1096& ()- 109%& ()-

"91096& () - ovoo/ pppqdEMbC 105, F 1096&' () - 1096& ()- Sf#1096& ()-

@ #109B8WO 02/@DIL0YBE () - @f#10%B& ()- qpqgq3rrrrdEnbC 1eEEUSY2/10¥BE () -
£ 1096& () - 8IBA0YBE ()- f"SHI0%B& ()-f f#109B& ()- Ssf#1096& ()- rRss
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5 19.  The method of claim 14 wherein the opening is a standard manhole cover

opening.

20.  The antenna of claim 1 wherein the first elongated element and the second
elongated element are sized and positioned to fit within one or more grooves or recesses of a
10  standard manhole cover and wherein said elongated elements are at least partially embedded

within a sealant that at least partially fills a volume of said grooves.
21.  The antenna of claim 20 wherein said sealant is an epoxy.

15 22.  The antenna of claim 1 wherein the combined length of all elongated elements

is substantially in the range between about six-and-one-half to seven-and-one-half inches.

23.  The antenna of claim 1 wherein said elongated elements are disposed within at
least one groove of a traffic surface, and said cable extends through a hole in said surface that

20 is continuous with said at least one groove to a cavity below said surface.
24.  The antenna of claim 23 wherein said elongated elements and said cable are at

least partially embedded in a sealant that fills at least a portion of said at least one groove and

hole in the surface.
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S, #1096 & ()- SF#10% & ()-&M 10% & () - b&JEYNC 105

f3S#10% & () - &YA0% & ()-f SH10% & ()- @ 10% & ()-fYL0% & ()-fSH10% & () -
&YSIEYNC 105 yf) S#10% & ()-y9' S#10% & ()-99%RA0% & ()-y" @10% & ()- @y
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105y&' "10% & () - 9$#10% & ()-1fSHLIOW"& ()-z&10%W & ()-f10% & () -

-10% & ()-!,dYNC 105 10" 10" 10"Y=10% & ()-6'10% & () - SYydy

10% & () - 80109 & é)) @ 10% & ()-mv zX9YNC

105, 10%& () 26.5S# Tog@ntenna ofodgny2pyherein)sagl traffic surface is selected from the group

Y109 () -! @109 () - 9&M 109%&' () - W uzX9. C

10F5108dnststing wHrdah @ Yifsidowad) Hebing,) fldofr, +<Eiiva@sto)m séver grating, and manhole
WA0UR ()-& SFY'"109%' ()-@"z! MmN sFU0Y%& () -

cover.

27.  The method of claim 14 wherein the position that is substantially flush with
the traffic surface is one or more grooves in said surface, wherein said elongated elements are
10  disposed within said one or more grooves, and said sealant at least partially fills and seals said

ONe Or More Zrooves.
28.  The method of claim 27 wherein said sealant is an epoxy.

15 29. The method of installing a low profile antenna comprising:
cutting one or more grooves into a traffic surface;
drilling a hole that is continuous with at least one of said one or more grooves and that
extends to a cavity below said surface;
locating one or more elongated conductive elements of a low profile antenna within
20  said grooves such that said elongated elements are substantially flush with or below said
surface;
disposing a cable having a first end, a middle length, and a second end so that the first
end is conductively attached to said one or more elongated conductive elements, the middle

length extends through said hole, and said second end extends into said cavity; and
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