WO 02/ 097918 PCT/ US02/ 16919 LOW PROFI LE ANTENNA FI ELD OF THE | NVENTI ON The
present invention relates generally to antennas. Mre particularly, the
present Woimwentsgon relates to antennas having a | ow profeclraishoicouse i n
roadways, sewer nmanholes, and other applications where a |low profile is
desi rabl e. BACKGROUND OF THE | NVENTI ON The col l ection of data fromsanitary
or storm sewer networks and IOWEPROKIEEMANTENNK 10 encl osed systens has
becone i ncreasingly common and useful. For exanple, in an underground

sewer network, flow nonitors may be used to collect data such as depth,

vol une, velocity, and/or other neasurable paraneters in a certain

| ocation. When such nonitor FIBLD QEEHE INVENTI6INen desirable to collect
the data in a central l|ocation, such as a renpte conputer or data

col l ection Thgqwesent syyentien refaiesagénesalyntal antginas. nddore qrastiudaslyp dheapressns ed,
stored, processed, conpared, and/or 15 presented to a user. Because of the
i mpP acirveation fplags te aHaEEs hadngiblom BPllederaise mgpagiays sewepmanholgs AR such
a sewer or aqther network tgQ a central processor via direct wiring, it is
desi raﬁp@lcaflﬂ%iwgﬂEﬁl??ﬁle‘?ngés‘fersﬁ?‘@?ﬁt their data to a renote conputer
through a wirel ess conmuni cati ons nedium The application of wreless
technology to transmt and/or receive data fromand/or deliver 20 data to

fl ow nonitors requires aBﬂ(ﬁIé@lQb b Ae IV ERGEERE | on and/ or
e——seweg—l\@vw—nm

transm ssion. For exanpl &, _ typically installed
W thin a sewgr -BRIMBA 6 RS M Shith§dk sﬁﬁﬁ@e&&%eworkp&mtheanﬁe%d&a oRCCESS

for installation, malntenance, and’repair. Thus, the nonitor ma
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| ocated near or within the nanhole. However, if transmtter's antenna is

mount edewér detvadrk t gy mdh®eH thaly Be heddavcdlivet Eifa suah hodeptls volawel velsuitysindrvri al

| osses in signal strength, such as RF energy |osses, will result from
other measurable parameters in a certain location. When such monitors are used, it is often

desirable to collect the data in a central location, such as a remote computer or data collection
system, so that data from multiple monitors can be analyzed, stored, processed, compared, and/or
15  presented to a user. Because of the impracticality of connecting monitors that may be located
throughout such a sewer or other network to a central processor via direct wiring, it is desirable
that such monitors transmit their data to a remote computer through a wireless communications
medium.
The application of wireless technology to transmit and/or receive data from and/or deliver
20  data to flow monitors requires a suitable antenna for reception and/or transmission. For example,
sewer flow monitors are typically installed within a sewer network inside or near manholes in
order to provide access for installation, maintenance, and repair. Thus, the monitor may
communicate with 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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factors such as signal attenuation and the fact that the antenna is nounted
bel ow the ground plane. One solution to this problemis to nount the

ant enna awowe/0919e8 gr ound, outside of the manhol e. HoweverPCTamnyest9 onal
antennas nornmally require a mast or pole type of nounting. -1 WD 02/097918
PCT/ US02/ 16919 Thus, conventional antennas have an el evation that renders

t hem undesi rabl e . for use in man | ocatj ons,, such as .roa s and si dewal ks
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damage to an antenna that is raised above the roadway. In addition, such

ant ennasudheitinhgs O Elibldce &t dbdke frém| 4@ nld), bertahnked 189 Yeudwas tefficasich Aecas,i | 1 i ng
of a hole, to connect the above-ground antenna to the underground flow
met er . tSigkd) bhses emd ather gehiclesa hd the kraffgelrivessovehthymadieectly ptacing substmtial loaans t o
secure the antenna to the manhole and/or to connect the antenna to
equi pmemtthetennat (heraoddway vehisles suchassoodplays gan ¢aus¢ everdandre diwhage to apr ovi de
an inproved | ow profile antenna as disclosed 15 herein. SUWARY OF THE
| NVENT |aai¢nne thatistriagdegber e thg soashyayc in #iditiane syshagiepnasirequirgrnerhfi¢agiop totfiede an
[ d | fil 20 ant :
! mﬁ)ovemanh%n:/ cF:)orv%r,Isugh as theagriﬁirlllg%f a hole, to connect the above-ground antenna to the

underground flow meter. Such holes are generally large, as they are also used as a means to

secure the antenna to the manhole and/or to connect the antenna to equipment below the manhole

cover.

Accordingly, it is desirable to provide an improved low profile antenna as disclosed

15  herein.

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



It is an additional object of the present invention to provide an antenna
having a profile that reduces or elimnates the susceptibility for damage
of the amvermadresul ting fromroadway traffic and from r ead/sor/aPing

i npl enents such as snow plows. It is another additional object of the
present invention to provide an antenna having a 25 profile that reduces
or el i &b rebbergsistagt toivakdadksml nj ury to pedestrians who m ght cone into contact
with the antenna (i.e. by tripping over it). An even further object of the
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02/ 097918 PCT/ US02/ 16919 s to be resistant to vandalism 1n accordance

with a _preferred enbodi t of.the present invention | ow file

ant onn eGP oL ROt R e EPopi RS T FegensiEy SeeRE adhe eheRief cleriior .
first elongated el enent made froman electrically conductive material, a
second MAdg it an deciiialy conductive spatenal, & seqoadtelongated elereni ypadeyomether i al |
and a cable that is conductively attached to the first and second

el ofigatkdirehibyrenidactivEmeaténal,sind ardbls dicad iccoatiuntiyalyeattachied e teSfird ank sévaud a
hei ght that is of a low profile and I engths that are substantially equal.

The el ep@gited cRIneABNThe AfsCarfd 86 RIS gated @fmenRAabh Rivels NMdh it BWpaliant i al Iy
non- conducti ve covering. Optionally and preferably, the first el ongated
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wi thin one or nore grooves or recesses of a standard manhol e cover. In
accor dance Wiptionallysandipraferablystbe ifins ¢lopgised elemwant, anditlee sscemt elongatddyclenmentiuct i ve
material 15 preferably includes copper. The height that is of a |ow
prabdi | ard posiceartabdxyendbipUspposiee BRedtions,0form substantially a straight line, and are
separated by a gap to provide a dipole antenna. Also optionally, 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.
In accordance with the above-described embodiment, the electrically conductive material
15  preferably includes copper. The height that is of a low profile is preferably about one-fourth of
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-



an inch or less, or even nore preferably flush with the nounting surface,
and the optional substantially straight line formed by the first and
second elwomants7ohds a | ength that corresponds to an oper &CTngotn@auency
band of the antenna. The length preferably provides an electrically tuned
antenna that is capable of transm ssion in close proximty to a surface. 20
As addicbhdurtiVe pveting SAlsb bpticailycthbalongatell elomesis niapdt positiatied veidtih aglsast mal |

as the dianeter of a standard manhol e cover opening, and the substantially
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non-metalfic t and a non- [ic substrate. The cabl e
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conductithin the maunting sunfaecbyogpoxy framulatiopspeeiplined deragalmzdhetype ohgyfaggthe
positioned within at | east one groove or recess of a standard manhol e
COVEr , antenhdi@peimgypobitiopstb@deiedithint hi n or flush with a traffic surface. In
an enbedded or flush application, the antenna may be fixed to and seal ed
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the type of surface the antenna i s being positioned on or within. In
accordan |nst ntenna
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di pole antenna in a position that is substantlall flush mnth or enbedded

wi t hi nsebstangipfy éu%tuwheéemquéeﬁi Wathip 2 afhig swé%qen@laans pcable bayng g st gnd econd
end so that the first end is conductively attached to the antenna, the
second astd second @ndisa thetthd firsy end isl coaductively atthched to thesnieannha theagedond ergldei ver

| ocated in a systemunder the traffic surface, and a portion of the cable

| 0gat edith@lerent 1dae GRAST LRuMhftérhdSy fdceiver focs@lin arsysteleides theaedticng t he
antenna with a substantially non-conductive covering, and substantially

seal | ngmtf&%, 919(?@'&%6’}{ I)Pth% &B@ BBited 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.
Optionally, in this method, the position that is substantially flush with the traffic surface
15 is about one-fourth of an inch or less. The non-conductive covering is optionally 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 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. 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.



Optionally, in this nethod, the position that is substantially flush with
the traffic surface 15 is about one-fourth of an inch or less. The

non- conduwniozeIBovering is optionally and preferably is eorarsoyediof at

| east one of rubber, plastic, non-netallic tubing, an adhesive, and a non-
metallic substrate. Optionally and preferably, the dipole antenna includes
two el ongat diher lmwe tius bedvaonitimpdshbsioranimipaktanyt feafurk of thegnvestiposi drdanbat t o
extend on opposite directions froma point, and the first end of the cable
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20 the traffic surface is at | east one of a manhol e cover, a road, and a

S deWaI sgl’ﬂr?:gntrn@ﬁtl tﬁ%@ﬁt fn§1 Rgb%?gﬁﬁécqat%&?ggﬁ%fé;ﬁr%m&pgﬁlﬁ&’al fRatiflr M

sewer é’r open at “or near ground
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and sealed in place with epoxy. -4 V\D 02/ 097918 PCT/ US02/ 16919 There have
t hu§ beamatteoaf the okiing hgpendedcheretport ant features of the invention in order

that the detail ed description thereof that follows may be better

under st ood, Tafds te%&f,t&eforé Splaihifig at leh sROEMBIHnEAtVSithiAvéion e désil, inBy be
better appreciate There are, of course, additional features of the
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t he subj ect matter o e clarnms appende ereto. IS respect,
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the details of construction and to the arrangenents of the conponents set
forth iimthendrawingsoRhninverticn ispepaie of other gmbpdimsats and aftheing praptingd anthe
invention is capable of other enbodi nents and of being practiced and 10
canoi edami¢d cuninsairio0sisay®yAlso At Bao betundastbod tat thegphratelogy ambterthinelogy
phraseol ogy and term nol ogy enployed herein, as well as the abstract

i ncl udedhPaR)e@Were, s (vell ab (iR BLEROER 1R 8RS, hRttbOhe BFbose of description and
should not be regarded as limiting in any way.

As such, those skilled in the art will appreciate that the concept and objectives, upon

which this disclosure is based, may be readily used as a basis for the designing of other

15  structures, methods and systems for carrying out the several purposes of the present invention.

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



shoul d not be regarded as limting in any way. As such, those skilled in
the art will appreciate that the concept and objectives, upon which this
di scl osurwoiog/obased, may be readily used as a basis for tRreTdss/gring of
other 15 structures, nmethods and systens for carrying out the several
pur poses of the present invention. It is inportant, therefore, that the
cl ai s df®IGelgar ded as i ncl udi ng such equi val ent constructions insofar as
they do not depart fromthe spirit and scope of the present invention.
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3 provides_an end view jl|lustrating several elenments of the preferred
enbodi ﬁﬁ&flg-%“%‘Wf%b@fl@W?@g%We‘Bf FIG 1 FIG 4 provides an
overhead view of a preferred enbodi nent of the present invention. FIG 5
profi des a d¢iGs$é-mevidepradrossiseviiafal aigw of anralgretd extbodintend bf e prEsag ent
invention and FIG 5A shows detail of a portion of that enbodinent. 5 FIG
6 provigestian.Cr oss-sectional view of an alternate enbodi nent of the present
i nvention. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS OF THE | NVENTI ON
10 The present invention provides an inproved antenna having a | ow profile.
The low profile allows the antenna to be used in |ocations such as manhol e
covers that are located in roadways or sidewal ks, near irrigation systens,

and i n g1 BIPDESCRISTINN OF BREFERREDSWBODIMENTS OF THE INVENTION

10 The present invention provides an improved antenna having a low profile. The low
profile allows the antenna to be used in locations such as manhole covers that are located in
roadways or sidewalks, near irrigation systems, and in other locations where traffic may be
present, as the low profile helps to protect the antenna as it is contacted by vehicular and/or
pedestrian traffic. Preferably, the low profile allows the antenna to rest at or below the primary

15  surface of the roadway or sidewalk in an indentation such as an expansion groove, a groove cut
into the surface for mounting the antenna, a manhole cover groove or recess, storm sewer grate,
or other similar location.

In a preferred embodiment, the antenna includes several elements. The elements of this
embodiment include two antenna legs that are partially or completely made of a conductive

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



present, as the low profile helps to protect the antenna as it is contacted
by vehicular and/or pedestrian traffic. Preferably, the low profile allows
t he ant erwe oko9mest at or below the primary 15 surface of PChaSonadnay or
sidewal k in an indentation such as an expansion groove, a groove cut into
the surface for nounting the antenna, a nmanhol e cover groove or recess,
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t he antenna includes several elements. The elements of this enbodi ment

i ncl udeyetaWRoARL 1BEIG ok SI8Bof MRk & dr it sufhiceS 2 5BHA k&t iR or &y dher
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directions Wednteanales aapepgEiadby 283R apdag semestsd i Brnsaitterghd/ererdYded or
flattened to have a low profile, such as with a copper wire or copper
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surface. It is not necessary that the nounting surface be snooth, and in
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snmooth or irregular. For exanple, the nounting surface could be a groove,
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or any ot her ocat- on. enna Tegs are separ are
connected to .a tr%n nLtter.an?/o recei ver wre su?h as a andard
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5 by
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or near the ga[), i.e., a central point fromwhich each antenna |eg radiates
i n oppoopxigl cabilerie of achamejemsnall enouh terfih hreught 2 Bipipat hole s slot i a lagdard
enbodi nent, the antenna generally follows the electrical and physical
priloci phaboleltateraPecfapbly) thablire is of adilraétér ma ¢ecedding hbowa bhequdter dfwh inclnaxi al
cable is of a dianmeter small enough to fit through a typical hole or slot
In a st ’?H&?ﬁgdiﬁcaﬁon of the manhole cover is preferably not required. Alternately, the present
inventive antenna may be used with mounting surfaces such as manhole covers having no holes
or slots, in which case modification of the manhole cover or other mounting surface to add a hole
or slot to accept the wire will be required. In either case, when a small hole is used, the strength
15  and integrity of the manhole cover or other mounting surface is better preserved. Nonetheless,
it should be noted that larger diameter wires, and thus larger holes, may be used in accordance
with the present invention.
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.



10 manhol e cover. Preferably, the wire is of a diameter not exceedi ng about
one-quarter of an inch. Thus, nodification of the manhole cover is

pr ef er ablwormemomegiui red. Alternately, the present inventipca/imat/edma my be
used with nmounting surfaces such as nmanhol e covers having no holes or
slots, in which case nodification of the manhol e cover or other nounting
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will be less

The protective covering helps to reduce the risk of damage to the conductive elements during
handling, transport, and installation of the antenna.
The conductive elements 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 location. The external coating substantially or
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



of the conductive el enents. For exanple, the protective covering may be
made of rubber, plastic or other non-conductive material. This protective
mat eri al way2bemisr the formof a sleeve, 10 encapsul ate, PaFdaiso2/om1any
other form In addition, the protective covering may be attached to, or
even replaced by a substrate such as a non-netallic sem conductor or
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substantially or conpletely seals the assenbly against the intrusion of
wat er &f apepRxy, o1 ofirglber p plasticovithoan, adhesive, dhat serves g fxedly attach the anfprnada g

cable to prevent water fromentering the cable. The external coating is
pr eber abhyuingemdace. 20 The final external coating, also referred to herein
as an encapsul ation material, is preferably a noldable material that

exhi bits hi gipe %htreﬁllmeg\tv{}e,%% & Whbre AMFconhed¥édbehatohnA ass s als6 PadfdrBbly

strength and is able to endure |oads as high as several thousand PSI or

 Iner eobitd B Sltlspjarddn) e BRIARDE ok BRyGARE SEnBY ANAD) § AittoRTine

nmount i Ng Sdr face. e ation nmateria et era

properties of being inperneable to water, solvents, salts a ther -8 WO
02/ 09750l Pl RePEn SHG the GRiFBRR SErPasE dhoRgl s %%Pr@femly ?l?lﬁﬁwﬁwsr nal
coating or encapsulation nmaterial is durable, nachinable, and has fast

cur i ng peetegetdogsringard/drothe reteamal wwohtyngg thusksubstantally adri completelyt sealingsther t | y
after installation. For exanple, in a preferred enbodi nent, the external
c0ayi NGnfEaNa Wite afBeicERtctigs tatheepexniia le@s a@iinst WhleLintrakiop! TR éreapduldiioAn

adhesive, that serves to fixedly attach the antenna to 5 a nounting

SUr f aCy this area also acts to secure the antenna wire and make it resistant to external loads that may
be applied to the antenna wire in its normal usage.

It should be noted that, while the above-described embodiment is a preferred
embodiment, additional variations are possible. For example, a single antenna leg may be used,
15  or more than two legs may be used, and the leg or legs may be positioned in a loop, a curve, or
some orientation other than a straight line so long as the resulting antenna has a low profile. The
antenna legs, being made of conductive material, can take on a variety of construction techniques
to address cost, mounting techniques, and desired signal pattern. In addition, in an alternate
embodiment, the protective covering 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



The antenna wire, in the area where it is connected to the antenna legs, is
al so preferably covered or encapsul ated by the protective covering and/ or
t he exterwalozoomig ng. In addition, the hole or slot throwgh/uso2/edv1e he
antenna wire passes through is also preferably filled with the protective
covering and/or the external coating, thus substantially or conpletely

seal i ngnayhee rh@denftaematerialithas paridlly heerdwely degradesoridisintbgratgat thumlaaviegenlyigai nst
wat er intrusion. The encapsulation in this area also acts to secure the
ant ennanBiof thea®d nidk&eld fo preettshémitedd. ext ernal | oads that may be applied
to the antenna wire in its normal usage. It should be noted that, while the

above- descr iﬁ%‘i}ﬁ%‘é@%ﬂ%{%@ﬁ&g%ﬁ d@so?n%ﬁée Bdveds iGIHRRA FBAE: 1.aﬂ9feHr§'}g'FIG. 1

vari ations are exa a si ng e antenna | eg nay be uséd, 15
or nore fhan two | egs, may pbe used, and t | eg or | egs, may be positioned in
a | oop2 ‘fapfgﬁ'r‘@}@?nad?g‘é@ﬁﬁgﬁ%‘fﬁ FPIRS g?‘ﬁﬁf t}’laﬁ%ﬁ"ea?sélfera&ite@ﬁg lng'n}greEEBa Y%ng as
the resulting antenna has a low profile. The antenna |egs, being made of
conductthe eondrtteve e¢mentah andi R ercoflexable 4o akbaw thef eleroenss tokgt pasttianed imvayioels  t o
address cost, nounting techni ques, and desired signal pattern. In addition,

in an abéibAat Bhe QARSI vVERNments TP aitl PhRGhidé @B hfatdti sichakdgstrand
the antenna legs are directly nmounted 20 to a nounting surface with only

the extaﬁéy)?%qp%ga%%, QPR An R PO reta) AR LG b8 RIoIRAS: AR ER] HR.a Lo S©

option I've covering an xternal coating may

integral with each other, or they may conprise the sane itemor material,
such ad™8f- exanple a plastic or rubber having adhesive qualities. As an
addi tional option, the protective covering and/or the external coating -9
WO 02/ 09791 8\Pattius0ablesd isxattapksd toctherautenesf legs, rnaeferablyl attarareapthe gapitha or
entirely degrades or disintegrates, thus |leaving only one of the two

mater i akparhts hiedéBC The Bsblapieeratsly indhelep aelbsst tedl caidiodtsgerthatdas condietbrabove
is illustrated in FIG 1. Referring to FIG 1, a dipole antenna includes

conductdy §e GhRAENMothd atBthaded At sehRE Y€ ind BRI RO bHRPGNIES! cRbRiRLARNY

to the antenna leg that is designated as positive. As FIG. 1 illustrates, the cable may be

positioned to extend from the legs in a direction that is perpendicular to the legs. Alternately, as

illustrated in FIG. 2, the cable may run alongside the legs, or the cable may extend from the legs
15 in any other direction.

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-



5 the conductive elenents 1 and 2 are flexible to allow the elenments to be
positioned in various |ocations. The conductive elenents 1 and 2 are nade
of a condwotomeron@t eri al such as copper Wwre, copper tap@CTarsoangidt her
conductive material that may be nolded or flattened and has a low profile.
An antenna cable 5 is attached to the antenna | egs, preferably at or near

t he gapldsiawithlth aihpsivattba sehes lte fsedlYhtadathe anEned ¢r alphounting burdas. As | east
two conductors so that one conductor can be attached to the antenna | eg

that sefy&sted$n BICPYNHe 3REaSoaBhH B s SrofRetb) éifgéi@@fb DFordfattdf AR AntchRa Wite

antenna leg that 1 s designated as positive. FIG 1l illustrates, the

cabl e be ositioned to exten romthe legs in a direction that is
perpen@%ﬁllﬁ}ocgtg ?&%Veﬁgagou%l?% urnéifée'l y, as illustrated in FIG 2, the
cable may run_al ongside the legs, or_the cable may extend fromthe | egs 15
in any ot heFI@i} Rovidena sidevighmiile rrefeprpdembodimgnt ofiFdrd mind illysiratss dpkthgp) y
encased in a flexible, non-conductive protective covering 3. As noted

abo¥e, cohducfivetlenicntsd and\2earé cayenabyltbe prtietivé covebing 3, whichst indurn coverdy
ot her non-conductive material. Although FIG1 illustrates an enbodi nent

wher e t8he ShGRRARbSIRE 18 AR 1Shak ¥mBBERRAH pYétédlive cdNBinR 395 BRlihMRdQAWE" | NY,
optionally the protective 20 covering may cover only a portion of the

el ement uch .as the.t of the ele . ti I d er t he
conduc ttﬁ‘%/@ﬁw&ﬁgﬁ ge gﬁﬁcﬁg’r mp %’é‘e‘g Foo% &t c%;a ?{}Izg %‘é&@“é’ F :%ﬂgl ér%¥ ﬁp%%ﬂéxﬁéltﬁ?é‘ﬁﬁ%ﬁ cased
in or covered by an external coating 4. This external coating nay be

i ncl udServing as Rothraprateetantiad ap adhesivepHlnOPHeRY,. RIRERIYIROVERT exgernal
installed inits final service location. In a preferred enbodi nent, the
ext er nzbatinpad anegntdgraboraberpamiesidon of materieboxy, or of rubber or -10 WO

02/ 097918 PCT/ US02/ 16919 plastic with an adhesive, that serves to fixedly

attjgch the aie9mAPasknBly BB Hp1adHd B Antefta wirk tushglad Qtably sfZe@hof.int he
external coating 4 is preferably applied to all or part of the antenna wire
the mounting surface or running the wire alongside or nearby the antenna legs to a point where
the antenna wire can be routed to its final connection to the transmitter and/or receiver. For
example, the transmitter/receiver may be mounted inside of a manhole, and the antenna may be
installed on the manhole cover, as shown in FIG. 4, or in a groove of the manhole cover, as
15 shown in FIGs. 5 and 5A, by threading the wire through a hole in the manhole cover, attaching
the wire to the antenna legs, preparing the antenna legs to adhere to a mounting surface such as
by adding an adhesive, and placing the antenna legs on the manhole cover or within one or more
grooves in the manhole 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-



5 that is |located above the nmounting surface. FIG 3 provides a side view
of the preferred enbodinent of FIG 1 and illustrates that the 5

conducti vwoskeomnt s 1 and 2 are covered by the protectivePcoueso/mgi8, which
is in turn covered by the external coating 4. In an alternate enbodi nent,
protective covering 3 is not included and the antenna |legs are directly
nmount edluslowith v st facky as shoacia FiGt 6) socH as ih kenceete aaspledlt, othat pavgmént, sieevwenng as
both a protectant and an adhesive. Al so optionally, protective covering 3

and extglddabr whlPiHat RSubje@t6 trhfHcRFférce. O sublf ar® &Bodifn@t, Bic wikd @AY B runk@ The
final assenbly consists of placing the antenna wire tFlrough a suitably

sized hole. in, the untin sure%fh or i \ %J | de. of near by
t he an'?heenrﬁa 01eegcsovfrotoae 81°h ﬂlrv%u Za%%tl & gﬁ{b ﬁﬁ%r %Q%éﬁﬁéé%t 88%?&%%1% {(i)lei ts
final connection to the transmtter and/or_ receiver. For exanmple, the

t r ans mimangplersidecon & focatgn plberan theicovss pgghaym i KiaiHo| B ma#lse Be passednna

may be installed on the nmanhole cover, as shown in FIG 4, or in a groove
of § he thmangiobther eetignsasuchSassdtawn séwer Fraies, tiie andraBlAgrdpyes, hirigatiomgystére wi r e
through a hole in the manhol e cover, attaching the wire to the antenna

| egs, RERPRE, ?GtHed focafibRNABsuble 86nfigRrAIdRS, tRe Wite ayRM hloRP a SWITARCEr ibHRD as
by addi ng an adhesive, and pl acing the antenna | egs on the manhol e cover or

Wi t hin : - i e | '

at  acndd PERondPafhn] BRARE o Gorkhls TRINE, S GNEL A0GHEL: bSARPORIOEE, o
al so attached to_the transmtter/peceiver wthin the nmanhole. 20.

Pref er %ﬂ%}?n-}@i 3 obalet & Sxany ol TR 1 S109LR PERTED g e ation.
transmtter/receiver to allow renoval of the manhole cover w thout
danmagi ng t hén apaioniarly predervidrembagimenicthe pnignemefithe present aiveation Btdipelal | y

and alternatively, the antenna may be nounted on a surface other than the
manbol enkdid ac&hichubb eishgated aohdative \elententeare pasitiohedmlithime geauve! oft thky

enbedded within and/or -11 WO 02/097918 PCT/ US02/ 16919
mounting surface in a substantially straight line, the connecting cable is inserted through a hole
in the surface and extends to a cavity beneath the surface, and the antenna sealed into the surface
with an epoxy specially formulated to adhere strongly and permanently to the surface, as is well
known in the art. FIGs. 5, 5A, and 6 illustrate various aspects of this embodiment. FIG 5. a
15  manhole cover 7 with the antenna mounted in a groove in the surface 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 installed 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-



flush with the surface, as shown in FIG 6, such as in concrete, asphalt,

ot her pavenent, or even a floor or wall that is subject to traffic or
force. | nweuehmms enbodi ment, the wire nay be run to thepaartsot/esocover to
be passed through a hole, or it may enter the manhol e through a hole in the
manhol e side or a |location other than the cover as showmn in FIG 6. It may
al so bengaseen) de pdsitiumgh irvi frebvd oftht sinfase asdie holahasheen driledinto the sinEre tire
or track grooves, irrigation system recesses, or other locations In such

confi gmhélg‘ggichtag@nmga%ﬁg@gagwggg?ggg a surface, or it may be positioned

withina g e, atrenc condui t, or another enclosed or partially
enclosed lqgcatign.. FIG .3 illustrates an a e of. an tenna that, is
capabl e of et seignatptipn e iy B pared EirEny iR Fe T B msiiven:
the antenna of the present invention is a dipole 10 antenna_in which the
el ongatosthaghelel gexer.\as adoleray ke @rll@d;fwmqrmm@tptm wirenInesugh @ goefigyrationethe
nmounting surface in a substantially straight line, the connecting cable is

i nsért édle bfterubdwire hopassed throulk itsisrprefembhnfilleebienaisefoxyand/ay a sgaldigneat h t he
surface, and the antenna sealed into the surface wth an epoxy specially

formul ated 49c2RRARHSH bPMHGahteARS aPL BIRNEb Med Bvd ABeSUEE AfinalFerhéntyle! |
known in the art. FIGs. 5, 5A, and 6 illustrate various aspects of this

enbodi gent . Fl .12 15.manhol e .cover. 7 .wi th the.anten mounted in.a

o oove Tefing sEbTampuf od Gy TRAR, i feS1eBtind o bl SRR R o B B il ey o1 o
t hrough t he manhol e cover. Copaxial cable 5 i.s shown extending through the
hol e t &riopart dipple dnteseae generallyamyst e grounted\agtistapqectypically pperhal -mgleﬂébai | of
this enbodi mrent wherein it is shown that elongated elenments 1 and 2 (which
ext end oabmveatzve thxeground. HEhip htemna, béwevee, 16l spesiatiy tursddo wpBppredeiformamst ect | ve
covering 3 and enbedded within external coating 4. 20 Wiile this

i1 jpst AL IeNpRAERYEnIiBErate]. SpeafivillyNth (g IMgMaRE speeiaﬁ?dnﬁaft@éda@en@@@fdrngs
having a low profile above the surface of the manhol e cover, it should be

unders Vttﬁq?%t%nag,ts cfot;g@%xg,lﬂg;;;g %}}?e{ E@'ﬁtru&ﬁmj ed %ré’f@ljaﬁlﬁi 1%% %hllgﬁﬁn{%ﬁ{ {fﬁg& ly

flush € upper surrace o e manhol e cover. ows
antenna of the presept inventjon nounted in . a traffjc surface erein the
el ong a?}é\@ngpléwggrp ghe E’q_q}lency ofI tile transmitter 1s consistent w1tL tflat o? a w1rei:ess ye\:/?eplilone,

the overall combined length of the legs is between about six-and-one-half and about seven-and-
one-half inches. Surprisingly 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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WO 02/ 097918 PCT/ US02/ 16919 (not shown) are positioned in a groove of the
surface and a hole has been drilled into the surface through which antenna
cabl e 5 hae cbeeripassed. As an additional option, the w recmasobespassed

t hrough an existing hole in the manhole or manhol e cover, or a hole may be
drilled for insertion of the wire. In such a configuration, the 5 hole,
after the whhe 16w ppefils aBotaliowsididr the usd of gr &ft@malakyenitly hadngintone than @pexy
and/or a sealant. The construction of the antenna as a dipol e provides two

"l egs, ,?3"3 aghenna, ﬁt&gﬁ&ﬁl,conﬁ@m&a SHRSHIFAIE ERtekt WM Ibe nfeted SRS -

extending 1 n opposite rections froma central point. Prior art di'pole

one. naPeuoararyY i PEMer S Sansga-fuin Sl rlﬁr%' et i e | .

specially tuned to optimze performance 10 in |OM/ErOfI|e configuration.
Speci f .eecén ¢qmprisgd of &yo [“leggt but mpebe pbdiffereny ltrt&tttsa widthg, Ao dhiclnesss tot he
antenna's close proximty to other construction features Preferably, in an
enbddi peovideohultiplestransmissiohiand/onteeeptidnfeequiemmese foy exdmplhe donfigegnation mayi s
consistent with that of a wreless tel ephone, the overall conbined |ength

of thejlgef d Gipbelen@sht alaubr ﬁhﬁ%nﬁf&%xp&ﬁoﬁ‘eaﬂré quehéy #A0iecsRY ipoRMEm&Re- hal f
i nches. Surpri sr ngly and advant ageously, we have found that such a length

Vi el d5 146 BRLIAhAG! GLanolifP Wb BentDSBrADBIHE AANS AIOHCh LS Bt

surface. SO sa |es & "ant enna equrrements Tor the
connected transmtter and/or recei The Iow rofrle f the ant enn

al | ows WithiR) A SOHIAM PIACOHEAVEIRE endler exipmal saAiathatlsq Breterallyathe & it
provides for a low profile above the flat surface, hel ping to nake the

ant ennappeagmics tofiisucht @ configugatidir ismob Isjilestansialty diffeyeni drars she hppestanfa o€ an Vhen
mounted on a textured surface 20 it may be oriented to utilize any surface

patber embbdfdenMidihg shly @widghedipseenna to conformto surface recesses, thus
making it |low in height reIatlve to the surface to which it is attached.

Preferably, TthEbe aniiind el ahﬂ;%laﬁ’f}tls&%sﬂ of cBfls cﬁ@ﬁ ‘a’u‘i él'it?v& ??@Htuﬂs?ﬂﬁhgﬂar ter

i nch, aIthoug ant ennas avrng greater hel ght use ong as the

overal | rofile un
techniques whic anebeq 1?ore((iI to t?te surface con(f) tions presented at time of installation. 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
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existent. -13 WD 02/097918 PCT/ US02/ 16919 The low profile also allows for
the use of an antenna assenbly having nore than one dipole elenent. In this
opti onal workiogisnat i on, each di pol e el enent woul d be nounteed/soziesony - si de,
substantially in parallel with a space between each dipole el enent. The

di pole elenents are each conprised of two "legs" but may be of different

| engt hscovens dtdsolidan dbostruction khisswestion réupeovilya smalk hqi¢ er slottwsatiossthen

and/ or reception frequencies. For exanple, a configuration may include a

di pol e AtAREWirekdqshss Bont bHW thé HialRole toPdtetof dbeG BRCMamidle 8oveeC PRidr ditpol e
el ement used for reception on another frequency. Preferably, the multiple

el em an _ |
oxt or nd R iR RARES el Al o ReRRTTREEY Bl SRRy Mo e

configuration is not substantially different fromthe appearance of an 10
enbodi BFhaRiealhgrsHg %/‘?eé’l%‘?tﬁﬁfl@sﬁﬁéﬁf"ég.h tgﬁf%ang?llf’éﬁﬁeé' offers particularly |ow
cost of construction and allows varied installation techniques which can
be tai | or ed Rusthehdowupfofide ofothdi presems ipventizat anteran rtedwees ofr ehimiratdsathieon.

The antenna design is also such that, when installed in |ocations such as

manhol %u@dé}zfﬁlﬁiﬁty fol enjant o PedestiignstORIihY intd\Workhdd vt Betah@nhe dBstiowaitefilehus
making it less susceptible to vandalism Penetration 15 requirenent's when

¢ . C -
oun eq'gﬂéeg %}R’é’lsnﬂﬁcflk lg%t g@l@(%rg Woﬁldrﬂ'l? hg@ljp%r g:gtgfrlz ?fs%ﬁj hi oSt 'aﬁ‘ﬂhﬁ 5111 the
m

attached anten ofi'le of i nventi ve ant enna thus
reduces or el]j i

resul t iar'?benf‘?'l 'ﬁstr)] t\%zﬁﬁte{‘]f‘éﬁ’?#%%%E%%&Iﬁtg’%?@?gqlﬁ%m g@g’%ttﬁggﬁg‘gﬁ?eqq&z #nt enna
i's non susceptible to damage from snow pl ows, street sweepers, and ot her
such 20meegn: phitigh fadtdralfimarate suohas sidgwakkerflopss degking halways andstagveys.
mnimzes or elimnates any alteration of the manhol e cover or other
nmouot i ng surAmtieerimprivement offdned puthppoiaeemioniingicahseadfiingtallation. Through the
use of fast curing adhesives or encapsulate materials, the antenna can be placed on the manhole
or adjacent roadway and secured within a short period of time with minimal skill or tools
required to complete the process. Optionally and preferably, no bolting or welding is required.
This design produces an antenna that is relatively inexpensive when compared to conventional
15 antenna designs that rely more fully on mechanical mounting means and mechanical structure
to make the antenna durable to roadway conditions.
This invention also permits mounting of the antenna on a manhole cover, or directly on
or in the roadway with minimal excavation, to route the antenna wire or achieve a suitable cavity
into which the antenna is secured using suitable adhesives or filler materials. Because the
20  antenna is not totally rigid prior to installation, it offers flexibility during the installation process,
even when installation conditions are less than ideal.
An alternative installation method involves placing the same style antenna element that

is used on the manhole lid installation, into a permanently mounted position that is buried just

below the surface of typical roadway surface materials. These materials can include but are not
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For exanpl e, many manhol e covers are provided with grooves and/or snal

hol es or other recesses, which this invention can use for nounting of the
antenna. Woioenomig in this area requires substantial altecanisoni®fiothe
manhol e cover to all ow nounting of the antenna. Where manhole -14 WD

02/ 097918 PCT/ US02/ 16919 covers are solid in construction, this invention
requi r dsnicgd ty cancsere,brick,aind asphaltl At ndarowadlbtaswithnto tianmetenia tovalew placgaas f rom
bel ow t he manhol e cover to above the manhol e cover. Prior art antennas of
thi s nyrieEak @Rl eleehBusDel 82 PR RALY 8F the neSHMI CAINBoRNy ENRGe isirIRE
manhol e cover nechani‘cally using a device that passes through the manhol e
cover. ,5 Further. |o rof.ile of the npresent ]nventdv tenna. r.ed S or
ol 1 m nd? SMeHIRE torofl Ph by rsp RFniPlifs € PissiaEt bt B ML GRS G
contact with the antenna. The low profile makes it very unlikely that a
pedest rand asspeiaied copnegtony Ehe diilledholg typicallileadsdp thesea wherg theroqnpggtediadine
antenna. Thus, the present invention is useful for applications requiring
t he5pl aqeiparnt afd iastrunzentsemiticbei locatedy THe@otenta elfments areghen madecwatapraifewal ks,
fl oors, decking, hallways and stairways. 10 Another inprovenent offered by
this i rmiRRg theBlot With ASpRasigeddpok{ Habisldadi - espdefafly Gt sbdlRig thS§pOdf thashialCcur i ng

adhesi ves or encapsul ate nmaterials, the antenna can be placed on the

manhol that%ei %ﬁ!@rﬁ%@@ﬂﬁi@)&%\@%ﬁ@ Osecured within a short period of time with

m ni mal™ sKi or too required to conplete the process. Optionally and
preferably, no boltin i ired. This design proguce an

or welding is.re
ant enna t hatl esan.t%xnaﬂg%ﬁ §FVF‘H‘3>‘<’ WS@#@M&%&? data (PP JTOMathe 15

antenna designs that rely nmore fully on nechanical nounting neans and
mec haniteasmiter ansl/arreceiventormiieh it lifecoaneatesa & od exanple theoantennd may be soutieriedns.
This invention also permts nmounting of the antenna on a manhol e cover, or

di nect Ity adlow @etet bchtbé withatyseyw ennbtvoiik, Andthe fxehay adbuldRlectrizallptthdniihthe
antenna wire or achieve a suitable cavity into which the antenna is

secur eqapsioigcrd' by R FovrHAgs ty & Sec@ivet sichSs aBRhE4l datScolBaFRY St Behobile
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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20 antenna is not totally rigid prior to installation, it offers
flexibility during the installation process, even when installation

condi ti orwoarm9tvess than ideal. An alternative installati @eeTnsSoho®19 nvol ves
pl aci ng the sane style antenna elenment that is used on the nmanhole Iid
installation, into a permanently nmounted position that is buried just

bel ow tWkatssiclhmoed ief typi cal roadway surface materials. These materials can
i nclude but are not -15 WD 02/097918 PCT/US02/16919 limted to concrete,

brick, and gsphalg jowfprafild 2iénnh @bmpasifigt i nto the material to allow
pl acenent of the antenna el enent just below the top surface of the

material . A%q‘irgt] 1K la{e\é’ele%déﬁ?ln%dé froglreinl élgc(i!ri?atll& cﬁﬁm%% n}ape?iaf‘l ot . with a

near by open "ar ea 1 provi de a passage way fo e antenna Coaxial cable
and associ ated connector. The drilled hole typically |eads tqQ the area
where the carfferndsdongaied slaneal gy Enm tgﬁeleF%?IMPé‘HP%“‘(ﬁim?tﬂb*’é; Mcated. The
antenna el enents are then nade waterproof by. filling the slot with a
speéi al i zed aepbleyhdt hstondsctieli ajtackbdeto plascfinst and feoondseamgatey eldmentsype of
material that the antenna is being enbedded into. The antenna offers

several oppaFHektin the Eost bhAd scdehd dl6rguted feletithts eaétoIAE & hbighOthatlis 68 loWerofile
transmtter and/or receiver to which it is connected. For exanple, the

ant enn%mgﬁ}(g tﬁé?%eﬁlBgtqlltiajr eg{?alam{dl ow neter |located within a sewer
I

net wor k, an he antenna co electrically transmt the data collected by
the flow nmeter to a.receiver such.as a central data collection.point, a
mobi | e ecAN RN Stk IGREAES GBI i SHSER: Bdith PRI Ln e Sy aBYARY pn-
hand-hel d receiver. The many features and advantages of the invention are
appar espnductine conerigt ai | ed specification, and thus, it is intended by the

appended clainms to cover all such features and 15 advantages of the
i ngention which fall within the true spirit and scope of the invention.

Furt her, _ Si nce numerous m)qi f! cati ons anq vari ati ons will _readi I y occur to
those skilled intuRenRhba of dlaihS] WhRtrein 8 ke didnPatkdl Blehehf\di thY §bh@n to the
exact construction and operation illustrated and descri bed,

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 wheretn 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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and accordingly, all suitable nodifications and equival ents may be resorted
to, all of which may fall within the scope of the invention. -16 WD

02/ 097918wB@Z/HSPR/ 16919 What is clained is: 1. A |l ow preCriwsoanenna
conprising: a first elongated el ement nade froman electrically conductive
material; a second el ongated el enent made fromthe electrically conductive
material; amd 5 Theaahea éhadim 5 wheretiibe sutstantially stedigtdd line fordaeedfbyrthé and
second el ongated el enments; wherein the first and second el ongated el enents

each hajyg F@@éoahtere&&gﬁ Jiaaﬁg%n Ve RFeRbddds to angpérﬁgg;@ut; baftli Bf the

substantially equal; I'n each el ongated ‘el e overed at | east
partially with a substantially non- conductive covering. 10 2. The antenna
of cl aiaﬂ%fn%erei n the first elongated el ement and the second el ongat ed

el enent are positioned to extend in opposite directions, formsubstantially
a straight |ine, and are separated by a gap to provide a di pol e antenna.
15 3. The antenna of claim1l wherein the first el ongated el enent and the
second el orfgat edhe lantermi ofailems wheeianik lpogth provided ah eletfrically tuhédarndermaor

nore grooves or recesses of a standard manhol e cover. 4. The antenna of

clai m lppherBhile b faRinfdisd mAldsk pr@RANG b ¥ SurfRber i al conprises 20 copper.
5. The antenna of claim 1l wherein the height that is of a low profile is

about one- fourth of an inch or |ess.

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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-17 WO 02/097918 PCT/ US02/ 16919 6. The antenna of claim 2 wherein the
substantially straight line formed by the first and second el enents has a

| engt h t WD ocoyMesponds to an operating frequency band of pChaSoanenna. 5
7. The antenna of claim6 wherein the length provides an electrically tuned
antenna that is capable of transmssion in close proximty to a surface.
8. The ant enfa ofThelaaiemdofdiaine]l whietein thehilableliaslsa conreoieti @o at leadt ons ofit | east
as small as the dianmeter of a standard manhol e cover opening. 10 9. The
ant enNgREm&lefhil dredbiggei N the substantially non-conductive covering is
conprised of at |east one of rubber, plastic, non-netallic tubing, an
adhesive, and a non- netallic substrate. 15 10. The antenna of claiml
further conprising an adhesive material that is affixed to at |east a
portion of the substantially non-conductive covering.. 11l. The antenna of
claim 1 wherdin heetiodof msgaalr@@r?é‘ﬁﬁnélame %Bmlf'om&l% EPMPIIYRE; | east one
groove of a standard manhol e cover. 20 12. The antenna of claim 1l wherein
t he5el ongat éetachgadowsprafile dpdleddednavrt hiposition that us substanhally flnsif With or
surface. -18 WO 02/097918 PCT/US02/ 16919 13. The antenna of claiml

wher ei RpfbR&dcaaikifn hSradficqr@egnected to at |east one of a transmitter and a
receiver.
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.

-19-



14. A method of installing an antenna in a |low profile position,
conprising; 5 locating a low profile dipole antenna in a position that is
subst ant iwblog/odtoush with or enbedded within a traffic surCaasp/poazi ng 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
| east one ofl8a t rkhesmithadeof cdaich B whaeimithetraffiocatfect is selected fomrtheipaep t he
traffic surface, and a portion of the cable |located 10 between the ends
ent er s coARstmpSIreFAdWAYOHBEW AR RRRIAL NWbor LAk 49 stohf sékﬂ;éxe%}ﬁ‘tﬁlg{\/bﬁ@r_rﬁnhole
substantial | y non-conductive covering; and 'substantially sealing the
openi ng:o%rth a sealant. 15. The nmethod 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 nethod of claim 14 wherein the
non- conductive covering is conprised of at |east one of rubber, plastic,
non-netallic tubing, an adhesive, and a non-netallic substrate. 20 17. The
met Bod of cl1& m Ihewmsthad of dldim Wi whéreinghe epemangris mptandard manhols comerat ed
el ements having substantially equal |engths positioned to extend on
opposi tpeihgecti ons from a point, and the first end of the cable is
attached to the elenents at the point. -19 WO 02/097918 PCT/ US02/ 16919 18.
The met hod of claim 14 wherein the traffic surface is selected fromthe
group consi sting of roadway, sidewal k, decking, floor, stairway, storm
sewer grating, a manhol e. .cover. 5.19. The nethqd of clajm 14 wherein the
opening is g’%st aﬁg‘ﬁraateﬂﬁ?]ﬂ%‘ﬂ%mbﬁyé‘fm“bg‘@rﬂrggflonﬁﬁt.egfwgle&ﬁ?@nﬁgse&fpngI aim1
wherein the first elongated el enent 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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el ongated el enent are sized and positioned to fit within one or nore
grooves or recesses of a 10 standard nmanhol e cover and wherein said

el ongat edweloenemts are at | east partially enbedded w t hi nPaTdaesat/a6v9 t hat at
| east partially fills a volume of said grooves. 21. The antenna of claim 20
wherein said sealant is an epoxy. 15 22. The antenna of claim1 wherein the
conbined length of all elongated elenents 1is substantially in the range
bet ween about six-and-one-half to seven-and-one-half inches. 23. The
antenna of clsai mheWhehRh Bf Saint2elhasat Qi SRRt e?b)@y. di sposed within at

| east one groove of a traffic surface, and said cable extends through a
hole in said surface that 20 is continuous with said at | east one groove
to a cavity below said surface. 24. The antenna of claim 23 wherein said

el ongated el enents and said cable are.at |east partially epbedded in a
seal ant t hat26f i | Iheantenga et claimp gt pngigibeidiapliic spripceds pelsied HoBANEsaHE  hol e
in the surface. -20 WO 02/097918 PCT/ US02/ 16919 25. The antenna of claim
24 hercensistsw af reahwaynsidéwalkdegkingyfloqzsstaifiay, atormeseaengratiigaiand 2@nkdler ei n
said traffic surface is selected fromthe group 5 consisting of roadway,

si dewald¢verdecki ng, floor, stairway, stormsewer grating, and nmanhol e

cover. 27. The nethod of claim 14 wherein the position that is
substantially flush with the traffic surface is one or nore grooves in
said surface, wherein said elongated elenents are 10 disposed within said
one or nore grooves, d, said sealant. at |east partially fills . and seals
said one o nDr:ﬁGFB%E@%9ﬂ§§91ﬁﬁgﬂﬂﬁpﬁhﬁpﬁ?u@}@@h@ﬁghﬁ%@PtYhughyﬁhsealant
is an epoxy. 15 29. The nethod of installing a | ow profile antenna

conpr i $hegaffic 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 grooves.
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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cutting one or nore grooves into a traffic surface; drilling a hole that is
continuous with at | east one of said one or nore grooves and that extends
to a caviwg obebodwms sai d surface; |ocating one or nore el ongatrdaozosducti ve
el ements of a low profile antenna within 20 said grooves such that said

el ongated el enents are substantially flush with or below said surface;

di sposi ng a filkid & lémva portian oif thetvodumde ofsard ltdé end sadjoig orandregraweowithend so
that the first end is conductively attached to said one or nore el ongated
conductyi ¢flafl RBE Habat 1EAAa PbERLh RS tﬂe%mgate%ueemﬁs s RiPegdedSAkdn Babe, and said
second end extends into said cavity; and -21 WO 02/097918 PCT/ US02/ 16919
fl||ln% gttleast a portion of the volune of said hole and said one or nore
grooves “Wth a sealant such that at |east a portion of the el ongated

el ements is enbedded within said sealant. 5 30. The nethod of claim 29
wherein said surface is a portion of a roadway or sidewal k situated within
about two feet of a manhole cover or stormsewer grating and said cavity
is & storm Séwer The nsathet ofprilgpm 29ewharemasaid suefatmis @ podwerof@rrosdwaymrsewer
grating. 31. The nethod of claim?29 wherein said sealant is an epoxy. -22

sidewalk situated within about two feet of a manhole cover or storm sewer grating and said

cavity is a storm sewer or sewer pipe below said manhole cover or storm sewer grating.

31.  The method of claim 29 wherein said sealant is an epoxy.
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