WD 03/ 103195 PCT/ US03/ 17298 1 EXCl TER- EXClI TATI ON SYSTEM AND METHODS FOR
COVMUNI CATI ONS TECHNI CAL FI ELD The present invention relates generally to
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internally and in close proximty to vehicles having netallic structures.

The i nvenheATER -PREITAHIGN 'SYSSI%‘NI%!NI?M ?ﬁb@s@@ﬁ‘(%ﬁ%ﬁﬁ ieaTigNgange of
0.1 to 100 MHz, I\E/)\Afeth sone variants o t]F]e I nvention able tg operate at
ranges above 500 MHz. BACKGROUND ART 10 It is desirable to communicate

i nformati on between various |lo i i thin.and around vehi cl es,
including but not limted to cm&mgm tractor-trailers, trains,
shi ps and %@B%‘éent-ﬁﬁ@ﬂtibﬂx fIakd g/enehmy&o ResnRapAt Okl &!@ﬁl‘ér&p'arﬁéiﬁérw fol NG

conductive wires between points. Mre recently, optical cable has sonewhat
si n§ | asysjerbefon cemplupicationsnntematlyrapt én clvseptokinuhate vehiclashesimgmeat#liol ogi es in

hose” prfabrel Medper Bl R TR wERT LRl B3P B PEPPOTHIE consune

appr ecinvipt avitidoid viriaBRGf ROl éiohQble tB @pbatei edhgefi 8botvarsoodgH.ocat i ons
using the information, often entailing considerable design conplexity. The
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exanpl Mandeoshtihepticdl Sable dips sorewhat simikerkybeem employodhthisgotenEraditjonal
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not become a corrupting influence on other systems.

These concerns are exacerbated in the context of vehicles. Firstly, a vehicle has
particular structure. It has compartments, that is, spaces or cavities. These include large
compartments, which are here termed "major compartments." For example and without

25  limitation, in a common automobile the major compartments are the engine or under-hood
compartment, the passenger compartment, and the trunk or boot. In a common freight-
hauling truck the major compartments are the engine compartment, driver/passenger
compartment, and the cargo area. In common vehicles the glove box or other interior storage
areas, for instance, are not major compartments. As a generalization, physical access to the

30  major compartments of a vehicle is usually available. In contrast, physical access to the other
compartments of a vehicle often is problematical.

Secondly, a vehicle is mobile by its very nature. Its systems therefore have the ability
to be corruptingly influenced or to become a corrupting influence in highly varying and very

difficult to predict manners. For an example, consider the traditional wireless technologies in
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near sensitive electronic equipnment it may cause disruption of that
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gener athsgfirshlocaiqnand-ppegdulate a signal with 1t. The signal has a carner frequency that

exhibits cut-off at one half-wavelength, as defined by the smallest dimension of the major
compartments of the vehicle. Operation at frequencies below cut-off produces evanescent

25  electromagnetic fields. Operation at frequencies above cut-off produces the more
conventional propagating electromagnetic fields. The exciter device can then receive the
signal from the first communication equipment and conductively inject it as a current into
the metallic structure of the vehicle such that an electromagnetic field is produced. The
second communication equipment then is able to couplingly receive the electromagnetic field

30 from the metallic structure of the vehicle via the probe, demodulate the information from the
electromagnetic field, and provide the information at the second location. The second
communication equipment also may accept the information at the second location, modulate
the electromagnetic field with it, and couplingly transmit the electromagnetic field into the

metallic structure of the vehicle via the probe, such that the current is generated there in. The
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wWithr g Nad tromagnetic
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exci t ennﬁoﬂhaumefebrﬂlﬂla:sigrraé ahd prowidetita itsseénped:tﬁ}eslomal This astordinglyr e.

Evanescent fiel ds,.do not propagate and thereby i ntroduyce bl ockage or
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ggag%hhlggleﬁyﬁm Anot her advantage of the invention for wreless
communi cations is that at frequencies above cutoff, where cutoff
occ urs when Arhalvastagt efitht presguiahentign fWMMSIvebmle @Immsca:mnmfs thiteheraj or
compar td?r%@r&s?on%fof ve fclés rf)al(’:tgcularltyhfer hg\{r?a%rl c%rr]np%%pr}eln s Wi m a veﬂllcFe are
generally small with respect to the radio frequency (RF) wavelengths for proposed
operations. This results in reduced transmission path losses thereby reducing the
25 communications transmitter power required. Another aspect of the small vehicle interior
dimensions with respect to operating wavelengths is that the dominant electromagnetic field
within the vehicle will be evanescent fields generated by the exciter injected RF currents in
the vehicle's metallic structure. Evanescent fields do not propagate and thereby do not
introduce blockage or multipath effects within the vehicle, effects common to conventional
30  propagation systems.
Another advantage of the invention for wireless vehicle communications is that at
frequencies above cutoff, where cutoff occurs when the wavelength equals 2 the smallest

dimension of the major compartments of the vehicle, the invention continues to inject

currents in the structure and also supports more conventional electromagnetic waves fields



currents in the structure and al so supports nore conventi onal
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i nvent icommfupicatipnsdirdssdatebussk er sesywnikapplications withophiaterferange poween thenot e
unit "probes" can ba?. used . .to.couple with the conductive framework of the

vehi cl é’aﬁl?lusoctoﬂg?urii% ItOP%ﬁ%}?HCfui%qsgnal s back to the exciter, with the uni que

religti onshi pr@thet A@vaneeiolf Be iBy&itiOMfbOnfrélessGRARICEdnvrauic A 10RYAY thatdt Eai ng
reception of such weak signals. 25 An advantage of the invention for wred
equi valpeavidecontigpeuschgpeiiile aerpesriswids rangst Thigsan gichids 9 oM zde thetiiteffes are
gener al I ] t e RF I
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r educi ngovtehi®0 Momfonpropadating waveisni tt er power required. Anot her advantage
of the invention for wred equival egt v_egi cl e communi cati ons. itf}? 30 that
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iIcle netallic structure thereby enabling To ni cat1 ons between
exciters at Aplanbtheoadvantage 0ftitanamton firsviddessfvehicke qpptraiiti¢ations is that
low power remote unit "probes" can be used to couple with the conductive framework of the
vehicle in order to transmit signals back to the exciter, with the unique relationship of the
exciter system to the conductive framework allowing reception of such weak signals.

25 An advantage of the invention for wired equivalent vehicle communications is that the
dimensions of vehicles are generally small with respect to the RF wavelengths for proposed
operations. This results in reduced transmission path losses thereby reducing the
communications transmitter power required.

Another advantage of the invention for wired equivalent vehicle communications is

30 that the RF currents flow to all the interconnected metallic structures of the vehicle. These
currents can then be received at any point in or on the vehicle metallic structure thereby
enabling communications between exciters at points on the inside and outside of the metallic
structure of the vehicle.

Another advantage of the invention for wired equivalent vehicle communications is
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THE DRAW NGR o ther advantage of the invention for both wireless and wired equivalent vehicle

communications is that the exciter component can serve multiple functions and eliminate the
need for separate antenna-like components.

And another advantage of the invention for both wireless and wired equivalent vehicle
communications is that the exciter component is physically compact in structure and can be

25 installed and become operational very quickly.

These and other objects and advantages of the present invention will become clear to
those skilled in the art in view of the description of the best presently known mode of
carrying out the invention and the industrial applicability of the preferred embodiment as
described herein and as illustrated in the several figures of the drawings.

30
BRIEF DESCRIPTION OF THE DRAWINGS

The purposes and advantages of the present invention will be apparent from the

following detailed description in conjunction with the appended figures of drawings in which:

FIG. 1 is a schematic and block diagram representation of an exciter system for
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bl ock di Gt = AOLR j en two exciter 20
equi ppggﬁggl?t [ gﬁgbg%h?%gemﬁ?{sngﬁt [ nb%?geﬁg;ﬁ IkI;I@tG\I\eQ is a block diagram

depi cti ng n&EIG s acohsroaticcandi tdock diagremeeprasepkatioalof ay exditer eystém éor veiged pped
portions .of the enbodi.nent ig. Flt??F 6; FItG %8 is a side cross-section view
of a dFfSWYgREopmmicationagording tothepresgat ifyeriony 4 e “enbodi ment of t he

inygntion i pidd GA-Bare?Bloblt Gaglants refreRtihl fbssyhie Vhe-Ma§ @oinfhuniddfions
cross-section, of the disc-cone type exciter of FIG 10 installed in a
vehi cl ecenprics utilizingsthe egpbagiment ofiihg smieation BskG: §, whergind&. (A depigthicle with

e GBS A e B30 LA AR R RSl P o,
FI G 1froaPthElsézond Zxtifer #o Hedtbt xkitéreasured results obtained in a vehicle
wth the d %(I:éc80 ir;ea t;[lgcq(ediagram depicting two-way communications between two exciter

20  equipped portions of the embodiment in FIG. 6;

FIG. 9 is a block diagram depicting network communications between a plurality of
exciter equipped portions of the embodiment in FIG. 6;

FIG. 10 is a side cross-section view of a disc-cone type exciter, as might be used in
the embodiment of the invention in FIG. 1;

25 FIG. 11 is partial view, also in side cross-section, of the disc-cone type exciter of FIG.
10 installed in a vehicle;

FIG. 12 is a graph of measured results obtained in a vehicle with the disc-cone type
exciter installed and operational in wireless communication mode, as might be used in the
embodiment of the invention in FIG. 1;

30 FIG. 13 is a graph of measured results obtained in a vehicle with the disc-cone type
exciter installed and operational in wired equivalent communication mode, as might be used
in the embodiment of the invention in FIG. 6;

FIG. 14 is a block diagram of a generic direct connect type exciter, as might also be

used in the embodiment of the invention in FIG. 6;
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as mght be used in the enbodinent of the invention in FIG 6; FIG 14 is
a bl ock dwegsamies a generic direct connect type exciter, pag/usogyi2o@l so be
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are an exciter systemand excitation nethods for comunications within and
very neussiter of TKhi ¢ ingalletisand|opaxatipnal dg wingd epeivelgnt eopynumcatipngu@degs her ei n,
and particulaply i.n the vie f FIG .1 and 6 re e i ments of the
i nvention ah’é{hg)e(' g?seélg%fls ?tt‘fl@e grear‘?'enrl%ﬁ’ hlr%ee]f'eg?rg%cgagﬁ lgsr%gg gerng) and 2. The

pr g enkinili¢@hichts dr$teph. extension of those taught in U S Application No.
09/ 909, 247, filed July 19, 2001; U S. Application No. 09/909, 246, filed
July 19, 2001; U S. Application No. 09/724,544, filed Novenber 27, 2000;

and U. S. Applicati E?{Sg‘lﬁfloﬁge ﬁ’@&ﬁRY%QGféﬂqu"gE’pg}/%ﬁTlé&gg’ all by the

present inventor an y 1 ncorporate erence here in their
respective @ndfermred eralsodifhbets pf deqmédent jnvaft@nragdareetvitdt systens andsexceatoornt er
devices in an overall systemto facilitate and gpt.imze wreless and wred
equi valnéﬁrtul?‘)dég?ﬁﬁ?ﬁ?@‘&}‘?% as Withp apdayay B‘Fa_ﬂiﬁf?'l&ehl Eshi‘é_tsllggs,trai%ﬁclmg‘? 't not

LT gkt edrbyinEASeint 4ddPasticAA1 ihakd Plewh baFIEISandtd, phétemePlthBsuimBats BF Bges. 25
Briefly, the invention operates gé injecting currents in the nmetallic
st r uct umentén are\depictsddy tivhgensral reflerence chreaptess l@nd2el ds are created in the

conpartment s, 0f the.vehi.cle as well as. near £ ter surface of the

venr ol e ThatearEeTRvEns Srexay s e et (S G Repldii o tmnners.
t 0 accooploh7 \Wilke TE§I 9CTIVTL V.S A prdiastichido AoPIDNIA6e flle@quiyVEd, 2001; U.S.

communi cations. The term"w red equi val ent comruni cations” is one coi ned by

t he i nvipliostiondNeldiR6124,5440filed Msvemdet 26 7 00fiand (LhS coprtisatienaNeod¥344.318, one
PobLg U Qffedt TohE IQ'S,C i9399;551{ H&{h"érp?estegt f?logjftg'l'ez[nd all hereby incorporated by reference here

in their respective entireties.

The presently preferred embodiments use exciter devices in an overall system to
facilitate and optimize wireless and wired equivalent communications within and around
vehicles, including but not limited to cars, trucks and tractor-trailers, trains, ships and planes.

25 Briefly, the invention operates by injecting currents in the metallic structure of a vehicle
wherein electromagnetic fields are created in the compartments of the vehicle as well as near
the outer surface of the vehicle. The current invention may be applied to vehicles in two
manners, to accomplish wireless communications and also wired equivalent communications.

The term "wired equivalent communications" is one coined by the inventor to denote

30  amethodology wherein communications from one point on a vehicle structure to another
point or to multiple points on the vehicle structure occurs via currents within the vehicle
structure as caused by exciters at each end. These communications have all the bandwidth
and connectivity capabilities of wired communications, but the vehicle's metallic structure

replaces the wires, thus the term wired equivalent communications.
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comrunicati o can received b ne or nore renote, Cco ni cati ons
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space or a pa encl osed one

consi degréke combin®atibey devickEmlith EoRs e CositimieRioas pighsie bgehe tragmiwed ment  or
as a larger space, as in_a commercial_vehicle cargo area. The encl posed
space Somthegemetedguiee tq,the exeitar by seprling temsmitied engrgy fram thsrgmete deyice
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cavi ty eho&AURk), Whidflmh{Be considered to be either a small space, such as a passenger
compartment or as a larger space, as in a commercial vehicle cargo area. The enclosed space
25 28 of either type must include some variety of conductive structure or framework 22 which
can conductively "deliver" the energy placed into the conductive framework 22 throughout
the enclosed space 28 to create a quasi-static electromagnetic field 26 throughout the
enclosed space 28 at frequencies below cutoff (i.e., an evanescent field). The cutoff
frequency is where the smallest dimension of the enclosed space or cavity is equal to %2 the
30  wavelength. Above the cutoff frequency the electromagnetic fields in the space transition to
more conventional propagating waves. As previously noted, the term "major compartment” is
also used herein to refer to suitable enclosed spaces.
The conductive framework 22 may be a single path, a convoluted path or a variety of

conductive elements, all of which acting together form an electromagnetic virtual volume,
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the applications as the matching section.

The results obtained in actual vehicle implementations are demonstrable and the
25  system 1, 2 has been shown to function effectively in multiple environments. For the
purposes of illustration, the exciter 14, 16 and the exciter system 1, 2 are described herein as
exciting the vehicle, thus setting up a non-propagating quasi-static electromagnetic field at
any desired frequency up to the cutoff frequency within the range of frequencies, with the
non-propagating field acting to provide a "carrier" upon which communications occur.
30  Above the cutoff frequency the fields become the more traditional propagating waves.
In addition, the properties of the exciter 14, 16, when properly installed within a
vehicle, create a special coupling with the conductive framework 22 of the vehicle, such that
signals induced in the conductive framework 22 at remote locations within the vehicle will be

received in sufficient strength to be useful by the exciter component, provided that the signals
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For wired equivalent communications, the exciter injects currents in the metallic
structure and these currents flow throughout the vehicle's metallic structure. An exciter also
25  has the property of receiving currents in the structure generated by other exciters in or on the
vehicle. Two or more exciter systems may therefore communicate with each other at points
on the vehicle by injecting in or receiving RF currents from the metallic structure.
This invention provides an equivalent of wired communications medium within or on
a vehicle using the metallic structure of the vehicle. This wired equivalent communications is
30  such that similar communications bandwidths, information rates and connectivity may be
provided to any point within or on the vehicle metallic structure, just as can be obtained if
wires are installed between these points. However, this invention utilizes the metallic
structure of the vehicle thereby eliminating the need for wires between communication

points.
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conductive framewrk 22 of the vehicle. The energy delivered by the center
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radiate in normal fashion. The disc-cone's 12-inch diameter spiral resonator 42 is too small to
radiate below 100 MHz. However, the structure of the disc-cone exciter 32 represents a
25  significant discontinuity in this frequency range. The energy coupled into the center
conductor 38 is almost entirely reflected but the energy that was in the shield 44 is now
connected to the conductive framework 22 forming the basis for the evanescent fields. Since
the energy injected into the center conductor 38 is returned to the source, the reflected wave
represents fifty percent (50%) of the input power. However, this reflected loss is essentially
30  constant with frequency, because the remaining energy is almost totally transferred from the
outside shield 44 to the structure of the conductive framework 22. Above the cutoff
frequency the exciter will change its dominant mode of operation from non-propagating

evanescent fields to propagating waves.

An example of the measured results obtained in a passenger vehicle for a disc-cone
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on a small circuit board 52 with three copper. clad section
1solate the exciter 16 from the DC circuitry of the trz%gmltter and receiver 1n the

communications equipment 20.
FIG. 15 shows one embodiment of a direct connect exciter. In this embodiment a
25  coaxial connector 50 is mounted on a small circuit board 52 with three copper clad sections
54, 60, 62. The coaxial connector 50 is mounted on and connected to the first copper clad
section 54. A coaxial cable 36 is then extended from the coaxial connector 50 such that the
center conductor 38 is connected to a matching network 46 consisting of a series inductor 56
feeding a shunt capacitor 58 on the second copper clad section 60 and grounded to the first
30  copper clad section 54. The shield 44 is connected on one end of the coaxial connector 50
and is left floating on the other end such that it serves as an RF shield to the center conductor
38 that is connected to the second copper clad section 60.
The series inductor 56 of the matching network 46 is then connected to the DC
blocking capacitor 48 on the third copper clad section 62. The DC blocking capacitor 48 is



54, 60, 62. The coaxi al connector 50 is nounted on and connected to the
first copper clad section 54. A coaxial cable 36 is then extended fromthe
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24 between the matching network 46 and the metallic framework 22.
For the wireless mode of communications, in FIG. 1 the transmitter within the
25  communications equipment 20 provides energy within the desired frequency range in order to
activate the exciter. The exciter 14, 16 then energizes the conductive framework 22 as
described in the earlier application so that the modulated signals generated by the
communication equipment 20 may be transmitted. The currents 24 in the structure create
electromagnetic fields 26 in the compartments and near the surface of the vehicle. These
30  electromagnetic fields 26 are then received by any of a number of wireless remote units 12,
which consist of communication equipment 20 and a probe 18, situated within or near the
vehicle. In addition, in a two-way or networked communications application, the exciter 14,

16 acts to receive and conduct signals generated by the wireless remote unit 12 to a receive

system in the communications equipment 20 at the exciter 14, 16. Both transmission and
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the signals generated at other exciters 14, 16 at remote locations thereby allowing

25  simultaneous wired equivalent communications between exciters. An alternative
embodiment is for signals generated by the communications equipment 20 and exciters 14, 16
to operate at the same frequency by time sharing transmissions.

Characteristics of vehicles will differ and each enclosed space requires some
empirical adjustment in order to properly locate and mount the exciter. However, for most

30  vehicles, the exciter embodiments described herein will be efficacious in energizing and
creating the bubble effect. Implementations of the invention have successfully demonstrated
the wireless operation of a network transmitting streaming video over data links operating at
eleven megabits per second (11 Mbps) and the wired equivalent control of lights and readout

of sensors in vehicles.
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probes. Information can also be commumcated from the remote device to the exciter by
coupling transmitted energy from the remote device probe to the metallic structure thereby
creating RF currents in the metallic structure of the vehicle that can be received by the
exciter. Both evanescent and electromagnetic fields may be used for wireless
25 communications. An operating frequency may be selected to be below the cut-off frequency,
and evanescent fields are then used. Or the operating frequency may be selected to be above
the cut-off frequency, and electromagnetic fields are then used.
For wired equivalent communications, the invention exploits the basic exciter
operation to inject currents in the metallic structure and these currents flow throughout the
30  vehicle metallic structure. An exciter also has the property of receiving currents in the
structure generated by other exciters in or on the vehicle. Two or more exciter systems may
therefore communicate with each other at points on the vehicle by injecting in or receiving
RF currents from the metallic structure.

As can now be appreciated, a common aspect of the invention is injecting currents
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can be cottrainivadomparidwddthb,|infogmati sremitds @hidveenmectivity may be provided to any point
within or on the vehicle metallic structure as can be obtained by installing wires between
these points or communicating utilizing traditional wireless technologies in the 2.4 and 5
GHz frequency bands. However, this invention utilizes the metallic structure of the vehicle
25  thereby distributing currents throughout the vehicle and creating electromagnetic fields in all
vehicle compartments. The result is the possible elimination of vehicle signal wiring in the
case of wired equivalent applications and the capability of a single wireless transmission
reaching all vehicle compartments as well as the near proximity outside the vehicle without
the use of repeaters or access points.
30 For the above, and other, reasons, it is expected that the exciter system 1, 2 of the

present invention will have widespread industrial applicability. Therefore, it is expected that

the commercial utility of the present invention will be extensive and long lasting.
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cuitof f for ekecanmsgrett fitldser ebeveamegficbr propagitidg ctectrainegreticieldsf f f or

propagati ng el ectr.Qmagnetic. fie ;. 12.said exciter deyvice suitable to

re gi ve said si _gﬁ%fﬁ erg&hdgwﬁsql*agiqtoigce&gzml S %‘h‘iﬁ"ﬁﬁrsnt and

congluct i vel ¥oinfiu@tdati&Rbghifeiaihd 3snduchiVELy @fjbctisRidRidAas aldurfedt td tie
structure of the vehicle such that an el ectromagnetic field is produced; 15

sail#l second meatathie siresaure of thegighishresuch ghat eableetremagnstip fieldgh pradieed;ve said 16

el ectromagnetic fi.eld fromthe.netalli.c stru I he vehicle.via said

ot e, 17° denvduraieceird RPERERPE s pmEh MG fo RplEy BN Fid) & *and

proyi de t he eletBombitiddicldRomithd MetafiRoddtur®6Bthe OBhiclkYisadidpobeond

communi cati on equi pnent al so suitable to accept the information 20 at the

sed¢bnd | ocadrwadulgls themioraation fiom widelestsrmagnetic Beld; andprayida thene

i nflg)r mat i on e R s%&?{ﬁi'lb&ﬂfo%; transmt said electromagnetic field into
e o e

.ifﬁ&t
t he rretalllcng raﬁctur

19 said second communication equipment also suitable to accept the information
20 at the second location, to modulate said electromagnetic field with the information,
21 and to couplingly transmit said electromagnetic field into the metallic structure of the
22 vehicle via said probe such that said current is generated there in;
23 said exciter device also suitable to conductively extract said signal as said
24 current from the metallic structure of the vehicle and provide said signal to said first
25 communication equipment; and
26 said first communication equipment also suitable to demodulate the
27 information from said signal and provide the information at the first location, thereby
28 providing the ability to communicate the information between the first location and
29 the second location in a wireless manner.

1 2 The system of claim 1, wherein said exciter device includes:

2 a cone-surface simulate formed of an arranged plurality of conductive wires;



22 vehicle via said probe such that said current is generated there in; 23
said exciter device also suitable to conductively extract said signal as
said 24 woraeti9sromthe nmetallic structure of the vehi clpeTarsds/pnesi de
said signal to said first 25 communi®ation equi pnent; and 26 said first

co ni cat i j ' t ~ ! on from
sainzgusi gnal qgﬁggg%%\:f? %eﬁ%%%%@gg%@g %?E%U{;ﬁlgf &Ilﬁgeg%ta it%nm,eq?ﬁgl?lgby 28
pro#i di ng t he abistriudtyretod tleovaimodé;cat e t he i nformati on between the first

|l ocation and 29 the second |ocation in a wre|ess manner. é 2.. The system
of Sl aim 1, MRRARSUSHNG ST TORRHPERME F BN RS TosoMAOEBte ML si mul at ¢
forged of an arrangad cohdtcalé pMted WheRMHYE Fsnatbriiise iSenBayl Akl 95

PCT/ US03/ 17298 18 3 a cone-base fornmed of a first conductive plate
conductivel y congendustively comnecteditalthe vertey of saidconervirfate;tand vehicle; 5 a
conguctive spiral res tor ving a.centrally | ocat r.esonat or - base
Forfed of -ateenSisdautann i ey HESMREas AR ralGREr S ilssce s
centrally and 7 conductively connected to the vertex of said cone-surface;
and 8 a conductor suitable for delivering said current to the vertex of

sai 8 céne- sUheargem of clgim Zhwhergit em of claim 2, wherein: 2 said plurality
of gonducti ] i : i 10 ks " said first
conductive \é 1&1%&2%3 ogg%ngﬁggg%n eﬁgﬁhﬁlg%?@ggﬁﬁgiﬁ?u‘glg@%rg > di scs ranging
frogn 4 threadtfzstfootductine biase ard widssedwd condusthiecplapiareaflat idéses rempmg fraam pl anar
and nomnally twelve ipches in dianeter; and 6 said exciter unit ranges

frofntwo to thredleRiHeur inghesdndigmeter; 4 The system of claim 1, wherein
sai § exci tersaﬂ%ﬁira?regoasﬂoyg%ﬁana% afd ABLAERID 9w OISt WRhEs hQfiarkéiEd; ghent 1y al | owi ng
a desired alternating conponent of said "3 current to pass to the netallic
stréict ure ofsaidleaciverhinit Irages frdmitve tolthwek invhecmpgwdht.ance for preventing any
direct conponent of said current from 5 passing to the netallic structure
of the vehicle. 1 5. The system of claim4, wherein said matching network
incjudegs a SI%'&'sgéierﬁ%Bl%ﬁhnghé’reimlit?é)a:ﬁ‘t@ﬁd@ﬁ&iﬁclﬁd%!;ﬂt connect ed shunt
capacitance. 1 b. The systemof claim1l, wherein the vehicle includes a

pl uBal i ty ofamatehingoemerk begtficensly alowdes adesié aliernpting eompementfgaidenot e

uni gs, ther eby f QuOLng, .05 VR IARYIAACAAS, ARl Lkl g3 communi cate the

i nformati on between sai ocation and any of sald plurality of the 4
secgnd | ocataidéking capacitance for preventing any direct component of said current from

5 passing to the metallic structure of the vehicle.

1 5. The system of claim 4, wherein said matching network includes a series connected

2 inductance and a shunt connected shunt capacitance.

6. The system of claim 1, wherein the vehicle includes a plurality of the second locations
and a like plurality of said remote units, thereby forming a network having the ability to

communicate the information between said first location and any of said plurality of the

BN =

second locations.

7. A system for communicating a information from a first location within a vehicle to a
second location within or very near to the vehicle, wherein the vehicle has a conductive
metallic structure defining one or more major compartments, the system comprising:

an exciter unit including a first communication equipment and an exciter

[, I - S A

device that is conductively connected to the metallic structure of the vehicle;



1 7. Asystemfor comunicating a information froma first location within
a vehicle to a 2 second location within or very near to the vehicle,

wherei n twe o3abdied e has a conductive 3 netallic structurepdeftiSas/nmpoone or
nore maj or conpartnents, the systemconprising: 4 an exciter unit including
a first communi cgt] I; | . ] [

con%uct ively con%g%:rggtg%g g[ l'?ﬂg&l%%? g?ﬁolﬂg Cgﬁlﬁlﬁzjﬁ?}lgﬁgﬁ%{ﬁg&v}%ﬂﬁl Iaep;? Ol\)ﬁl)
03/7103195 P@kt WS cdnde8vely 8oheated dorthieametallit stractiiechifiige eehsde;ond

co ni cation equ;}gr}ent having .a prabe 7 that is not cor}duct.i vew1
confected to t he SHEHTICPEIMUHGELRFRMBRCRITUIGRIA I pesepighe Hiigmigiogat the
conguni cat | gias GBI mdHh AL GorlaP wARGELInfHifatibR WheFBhIsai stinal i3 a O T st

| ocation and nodulate a signal with the information, wherein said signal
hat0a 10 caamricefrequenquthatis seleated tsbseither beldw antoff foi evamesder ow cut -of f f or

evanescent 11 electr tic, fields above cut:off for .pr gating

el th ronagngt%f:goqlf‘%r}eﬁg?i%pﬁfr gg?vcf. célg'(?_ffﬁé? pr&B%aélé‘gﬂﬁC[rglﬁlf‘%netng llggd(%Ei ve said
si gmal from sai dgfililegtitck IerioaBURbRAD r&RivRGHidNiEH frdftsatPhdtct i vel y inj ect
said signal as a current into the 14 netallic structure of the vehicle
suth that asomMiBicebemegBpmentfand cendustipely dijedaidignal asn eErent K@ Bisd

co ni cat i ' it ' ' [ .

ol 581 r ormgn le A PBEREE of e RBlcf h FRk R LIBE BREL YESSbndand - (i
probe, 17 denodukatigeddnd comhamicatibnsqdipmentsaitable tecdupdinglynedeive shidel d, and
provide the 18 informatjon at the second Iocarf)t:hgn, thereby, providing the
abi®ity to ebfirempgnste fiekbiromdhs meHlictiushre plighe yeligleria s#d PoRat i on to said
_5e$@nd | ocay ﬂBdﬁththéMn‘i”@rkﬁﬁgn HRHGId ﬂ_&:tﬁ)md%n%ﬂ@ﬁ@l@, LRI pr6GRIEMY cating
information froma first location wthin or very near to a 2 vehicle to a
set®nd | ocatnformationtt thetseeonddhcatioa, thedeby eravidihg theadbilatly ¢o basmanicatadhect i ve

metallic 3.structure def.ini one or npre jor..compartnents, the system
CoNdri i ng: THOETHSRERm SHf dir RTAlaR oSl FCpET ISBBHRFLR APT B B EDrent

having a probe that 5 is not conductively connected to the netallic
structure of the vehicle; 6 an exciter unit including a second

comhuniScat i dnsystpni foreammamirating iferimasion fromja firs docation Withincesvgcneay &9 §
conpect e t he tallic skructur f . vehi ¢l.er Ld. £ .
contunehpledR satea Ao g b e Ve ReR wbBRBE Vel kRO gt ¢ o

| ocat i @fructtie debiditigaine odhott fafor eomPMehénts, fthebyiten témpigng:nf or mati on, and to

10 couplingly transmt said el ectromagnetic field into the netallic
strficture of t he ayeRpE|uit inqluding adisst gopyymicatign gauRBEnhavingapbs that
generated tk i I j ! i ;9Ld has a carrier
freguency tESgIE&ichdsué;\INg@P ggﬂrtl% dcelog[%et éet%mggﬁ‘gv&vhtetcjotf-%‘fz?%%%’ evanescent 13
el e6t romagnet i ¢ fanekciger anit &pbuing aitecohd céramupicapageduipgerelaad b exagnet i ¢
fields; 14 said exciter device suitable to cHnducti velélthext r.glgjt said

curfent froffYigethat is conductively connected to the metallic structure of the vehi
8 said first communication equipment suitable to accept the information at the
9 first location, to modulate an electromagnetic field with the information, and to
10 couplingly transmit said electromagnetic field into the metallic structure of the vehicle
11 via said probe such that a current is generated there in, wherein said electromagnetic
12 field has a carrier frequency that is selected to be either below cut-off for evanescent
13 electromagnetic fields or above cut-off for propagating electromagnetic fields;
14 said exciter device suitable to conductively extract said current from the
15 metallic structure of the vehicle and obtain a signal from said current; and
16 said second communication equipment suitable to receive said signal from
17 said exciter device, demodulate the information from said signal, and provide the
18 information at the second location, thereby providing the ability to communicate the

19 information from said first location to said second location in a wireless manner.



15 netallic structure of the vehicle and obtain a signal fromsaid current;
and 16 said second communi cation equi pnent suitable to receive said signal
from 17 weiodiexester device, denodul ate the infornmation fecarussaisi gnal ,
and provide the 18 information at the2second | ocation, thereby providing
the ability to communicate the 19 information fromsaid first |location to
said second |location in a wireless manner. WO 03/103195 PCT/ US03/17298 20
1 91 A9syst dnsystem foo commuomaiimginforhetioabetoreeh et lnast twalodatiens withio al ocat i ons

e n the yvehicle ve netallic. structure
Gt t ni Nehigke Brreindhe VoI nhs ACEEty nEE s fn GGt Ping SulR ke RSt
pl ug al bipAim&nts|theSyste Esinmdd:1 ng the number of the locations and each 5
i ncluding a conmmuni cation equi pnent and an exciter device that is _
condluctively 6 ephnelityedcxater huitnegualing thesumber ofrthe kications apdisrelt e; 7 sai d

h 8
Coshot i ve (AGRCaRNRCH R ERT ph8pt GFTRE oS LR RERILADR, or o7

saig signal cofhedleties frtre&alfit seudtad of the eigeicy; 10 said exciter devices
each suitable to receive said signal fromits respective said, 11

confuni cati on eqs#gseRMURFgtienaHIRIERSach sujabletto %‘ieﬂt Sredpigrmafionat s r ent

intg the 12 r t ces each
al s% Sui tablréegﬁg’o \Jgéﬁc %fé ?I?/&e 98%13‘{ réa% s%qhﬁ}nf%ﬁaﬁgﬁ%ﬁrgl%sgd Sq%\é% allic
straict ur e ohltéetey et e, fregfabdyy sai d signal fromsaid current, and 15

provi de said S|gnal to its respective said comupi.cati.on equi nEnt nd 16
sal® comuni cat i SHIEEHS %erse%Ele sujfabls 19 JeqeLys) s@‘ %gl}fiﬁ‘i%h‘lt%l CHYe 53

i nfprmation cff8mn&atifn §dtﬂﬁ}ﬁéntaaﬂ§ caﬁ&l\ehdaymectls&‘a%gmr AOoNcitent o fRSPECt i Ve
location, 18 thereby providing the ability to comunicate the information
beteen sai mdtdhastnmweoﬂ_‘glelwhmlm red equival ent manner. 1 10. The system
of ﬁEal m 9, where d.exciter fevi c.gqs? i ncl u&fc:i 21 a . cone- surf%ﬁte simul ate
folfred of an arrﬁ‘ﬂ gﬁclh drYfes Peb plse SRR o fendiqyely exua SRS £ or ned

Of 12 Tirst cRadthethaalipkaicure @f tiecidhield, Wbaanaerieshl thon bad wtalt/ ina 4
structure of the vehicle; 5 a conductive spiral resonator having a

cehfral |y | pramidesaidsignmiois [wapestive saig gommuaicaton eqppraeripslict i ve pl at e,
i h25el n said resg%ﬁ 8{11nR1%§cec1 1ln§ e&ﬁgﬁqgﬁéagh 5’1@5‘ 171’( %Pentglffél‘x{oﬁga% tfl@ nnected to

vertex of said cone- sur & &ona or sul or delivering

sail@ currentinfofmitivh r@n bAd s@habzﬁiddnr@@deﬂﬁunﬁo&ﬁetmn dk itk TespEttevedyaitiom) of cl ai m
10, wherein:
18 thereby providing the ability to communicate the information between said locations

19 in a wired equivalent manner.

10. The system of claim 9, wherein said exciter devices include:
a cone-surface simulate formed of an arranged plurality of conductive wires;
a cone-base formed of a first conductive plate conductively connected to the metallic
structure of the vehicle;
a conductive spiral resonator having a centrally located resonator-base formed of a
second conductive plate, wherein said resonator-base is centrally and

conductively connected to the vertex of said cone-surface; and

00 1 N A W N~

a conductor suitable for delivering said current to the vertex of said cone-surface.

11. The system of claim 10, wherein:
said plurality of conductive wires includes four said conductive wires;

said first conductive plate and said second conductive plate are flat discs ranging from

AW N =

three to four inches in diameter;



2 said plurality of conductive wires includes four said conductive wires; 3
said first conductive plate and said second conductive plate are flat discs
rangi ng fwoms/iddibhiree to four inches in dianmeter; WO 03/ 1@81T2503/17298

PCT/ US03/ 17298 21 5 said spiral resaiator is planar and nomnally twel ve

i nches in dj en; f o three

i ncﬁes in héﬁgﬁé‘%ﬁ Ies?gfﬂmﬂ%ep% @ag?@%%o ifa ly{u'él‘éé iE}'l\/\ﬁer elrdgra%lls’gé%r\é\ﬁeicr ter devices
i ncé ude: 2 saidrekdter ngit mﬁgmmfrbmftmo tetirecinehds iy haighowi ng a desired
alternating conponent of said 3 current to pass to the netallic structure
of the vehicle; and 4 a bl ocking capacitance for preventing any direct
conpongit O&h§§#ﬂﬂ§5f5ﬁﬂﬁ9f®9&%m%aﬂﬂﬁ§h&beQe§Hﬁhﬁﬁtal|'C structure of the
vehicle. 1 13 he system of claim 12, wherein said matching network

i nc2udes a 3mm@sng:mtwed¢ﬁ>defm1anﬂduﬂowmgea @sderbaktmmngomnnmucm@fsmdnt

capacitance. 1 14. Th ehicle i ncl udes a
plutality of the“WB?ﬁﬁ?B%ﬁaﬁﬂg éh Wﬁw?ﬁl g d alike plurality
of gaid exchbRickigidapacitah&s fa,bxrefveﬁtmg%yahﬂa@ttmﬁ@neﬁ JTaNidnRerrbheraRi ity to
comuni cate the information between sard plurality of the locations. 1 15.
A s§stem for conpssingdeithegmetalliefstueturs ofrih¢ velnela. first | ocation to a second
| ocation 2 within a vehicle, wherein the vehicle has a conductive netallic
structure defining one or nore 3 nmjor conpartnents, the system

conpri §8Nng: The 8ystdni F clais il  ewhdteintsaidimdtbieing hétsiork dehideon saitd comudetedi ng a
first communication 5 equipnent and a first exciter device that is
con%lucﬂli%‘laycec%}ﬁ‘r?e@ﬂléﬁcqn@e?t%s}}%f GAPRFANCE structure of the vehicle; 7 a
second exciter unit at the second |ocation and including a second 8
comuni cati on equi pment and a second exciter device that is conductively
conhectiéd Jhe systdme ofrelnmh Pj whatimub¢ velaclefindintes agtirelity;of 1 locatns | r st

co ni cati.on equi itable to a ce t the n_and nodul at e
o SRR CFRan R BiRt ke et SSliewtit i Ty e aachiodadi o

12 ireﬁ%ﬁgme a%ﬁltg% orhintiftica®Xtd tnbSmAaY¥h 6awesh sARbRIrAIRY bEARIIY&ISAL.d Si gnal

fromsaid Tirst 4 communi cation equi pnent and inject said signal as a

current into the netallic 15 structure of the vehi cl e; 16 sard second

exci ter, devi,ce able to.extract. said t fro e
tr bt doe. of S ok ePen et 8 e Riion T A B B EbN lokftioning wo
03/ 103 19 P4Fé1isI0 34 Hef &98he vehicle has a conductive metalhc structure defining one or more

3 major compartments, the system comprising:

4 a first exciter unit at the first location and including a first communication
5 equipment and a first exciter device that is conductively connected to the metallic
6 structure of the vehicle;
7 a second exciter unit at the second location and including a second
8 communication equipment and a second exciter device that is conductively connected
9 to the metallic structure of the vehicle;
10 said first communication equipment suitable to accept the information and
11 modulate a signal with the information, wherein said signal alternates at a radio
12 frequency;
13 said first exciter device suitable to receive said signal from said first
14 communication equipment and inject said signal as a current into the metallic
15 structure of the vehicle;
16 said second exciter device suitable to extract said current from the metallic

17 structure of the vehicle and obtain said signal from said current; and



22 18 said second said commrunication equi pnent suitable to receive said
signal 19 fromsaid second exciter device, denodul ate the information from
sai d si gmab,03aed9s 20 provide the information at the seconacCirasatinsg

t hereby providing the ability to 21 ca@muni cate the information between

sajgd first |ocatj h dormai@ndt - Ih; b ; Lhyjal ent
nnin&?]er. 1 16. A %r%’? %gg? g%}ag%mmmf%g{)?%gh#ﬁ otrsﬂg??l%ﬁ;?e%%ggm?igfré}s}? | ocati on
Wi thin a vefiool @id secand écgecdavibe, danedudate tictihfonmetion/fom samlgigitah, ande

vehj cl e, wherei he vehicl e has a gonductiye metal.li¢c structure defining
ong(5 or nor ep’f?é(f%rth%mmlﬂﬁﬁ{ e S?Cr?élﬁﬁ%‘iaﬁ%’ tﬁ%‘ﬁ%‘ POV ngﬁ'ﬁab’[lg%g’ 4 of 5 (a)
acgepti ng t BeminhRhZBhd Afordlatibh Betiebs baili FiealoAfon &nd $lid 5RAHA &chfich @ S1 gnal
with the information, wherein said signal has a carrier 7 frequency that is
sel2ct ed t owesd efuivalenthrérer.cut - of f for evanescent el ectromagnetic 8
fields or above cut-off for propagating el ectromagnetic fields; 9 (c)
conductively injecting said signal as a current into the netallic structure
of the1610 wehk@mbe fsrushnididdatiap ifbaeitionrBgnatfiret 1bdatibfl withis oehicleds all (d)
couplingly receivi ng_ said electromagnetic field fromthe netallic structure
of % hesecend \asptien withinpr veyy rearisdibe yehiglg, whereinthe vehiele das # condustye

ookt | Sheahfult Bunghie dimoiomBp P A B e TR IR L BBl R E T on

from saf:d first location to said second location in a 16 wirel ess manner. 1
17. _The methaod of cl ai]mréﬁ, wher ei nAa ql urality of the second locations are
predent, anf) capimedhsndormmptionp ahthedyrstlaeatiQles” provi di ng the information to
a desi gnat e opg0hiiseh SeRhWial ik Y¥nfodnffon! WBeRELARTsibRABhé HB&iet her eby
providing the ability to conmunicate the information within 4 a network of
the7first | featdnop thacs sskeicttdpd be aitharpeloiv ¢tofElor ovanebarnhelegramagneti®@. A

nmet hod for ﬁo[&rlrruni cat i np 'f formati en ffoma fi {.s&; 1 cation within a vehicle
to 2 sec s PHAAYESH ﬂf 3351?{08%8\}8??6%%{?35% & ‘@ehi cle, wherein the
vehg cl e has(@ &madstelelyjetiiBtad kighalsdsalirdheintberht RiglgliOsteuchire 6P Maj or

conpartnents, the nethod conprising the steps 4 of 5 (a) accepting the

i nt®r mat i on vehickeisucl thatsan ¢lecepmagnetiogzld 3y produsyd; PCT/ US03/ 17298 23 6 (b)

nmodyl ati ng el e neti ¢ -figel i . i LB LRN; i id 7
el ggt r omagng‘pi %Auﬁ)i%éélgqg%gﬁ }éé gaa{{i F %8?0%%%3%%%1 1‘trll(%att I sefégfces\é\ftag{ﬁl?%%tgg ei t her
belaw cut - ofvéhicle;

13 (e) demodulating the information from said electromagnetic field; and

14 (f) providing the information at the second location, thereby providing the ability to

15 communicate the information from said first location to said second location in a

16 wireless manner.
1 17.  The method of claim 16, wherein a plurality of the second 1ocati6ns are present, and
2 wherein said step (f) includes providing the information to a designated one of said plurahity
3 of the second locations, thereby providing the ability to communicate the information within
4  anetwork of the first location and said plurality of the second locations.

18. A method for communicating information from a first location within a vehicle to a
second location within or very near to the vehicle, wherein the vehicle has a conductive
metallic structure defining one or more major compartments, the method comprising the steps

of:

wm kAW N

(a) accepting the information at the first location;



8 for evanescent electromagnetic fields or above cut-off for propagating 9
el ectromagnetic fields; 10 (c) couplingly transmtting said el ectronmagnetic
field to woasmetias | i c structure of the 11 vehicle such trat/@ozureent is
produced therein; 12 (d) conductivel y23extracting said current fromthe
metallic stpuctu of the vehicle. 1 btaln a. si l. fromsaid
curfent; 14{btjéj‘°‘i}ﬁ?}8}ﬁﬂna‘§?%ﬁmi%86tf°ﬁ$%?n“ﬁ |t§ n}%l?%nn&sogi ‘%ngleﬁlnsgﬁ; and 15 (f)
proyi di ng t fecttdHiapnend e 1k alhgies feqcy arald eictedhe bebithabolowdtuaff he
ability to 16 comrunicate the information fromsaid first |location to said
secdnd | ocafadrgHarescant electipmagnsts figlds gepabove cuboff forproRREAtiNgr comuni cat i ng
information_fr.o fl.1 | ocation to a second location 2 wthin a vehicle,
vvheér)ei n theel\‘;cetﬁclmclz eh%iélgs’conducti ve nmetallic structure defining one or
mi@ 3 naj @) euphadll randmitindwideledminapnetie fisldng tHehnetsliie psuaire of tifea)
accepting the information at the first |lqcation; 5 (b) nodul ating a signal
wi th the inf’@l‘ﬁﬁﬁ‘i‘%}lat\/ﬂw‘é}r@“hlsé’é?@cg$B’t‘?éﬁm;has a carrier 6 frequency that is
selected to,fe. i : = V, I ' U

1 M ds-or -l B b B o Tl on
comdluct i vel ybtaim esignabdrosasaid surgaméyl as a current into the netallic structure
of the 9 vehicle; 10 canductiyely extracting said current fromthe
melél lic st q)c‘feﬂﬁoél“ lnéﬁlée\?g‘?ﬂ“"(?flgn éﬂﬁysa S1 a?”zii ng said signal from said
cugsent; 12&6 Srovl@iRdke Alrbthtibhat the keoRBU6Akoh, tBEERpRVEdif Ak abRitgol 3 (T)
providing thée information at the second | ocation, thereby providing the
abibity to cqmrrmoiq:mnh@mf@maﬁeniquanmms@}pwwmwidﬁewmglpcat@@aviaon to said
sefxl)nd | ocation in a 15 wired equival ent manner. 1 20. The nmethod of claim
19, " wher ei n"¥eFPUPAMT Yy of the second locations are present, and 2 wherein
said step (f) includes providing the information to a designated one of

said plurality 3 of the second |ocations, thereby providin ﬁhe .ability to
comhunil@at e A hethpé fescemmencating farmafion fp AdiRt 18¢ationdo pscopd 158HPR on and

sal 5_1 plv}f{hﬁl 5 géﬂnag, WG GhONhid10f2 d @Ructive metallic structure defining one or more

3 major compartments, the method comprising the steps of:

4 (a) accepting the information at the first location;
5 (b) modulating a signal with the information, wherein said signal has a carrier
6 frequency that is selected to be either below cut-off for evanescent electromagnetic
7 fields or above cut-off for propagating electromagnetic fields;
8 (c) conductively injecting said signal as a current into the metallic structure of the
9 vehicle;
10 (d) conductively extracting said current from the metallic structure of the vehicle and
11 obtaining said signal from said current;
12 (e) demodulating the information from said signal; and
13 (f) providing the information at the second location, thereby providing the ability to
14 communicate the information from said first location to said second location in a
15 wired equivalent manner.

1 20. The method of claim 19, wherein a plurality of the second locations are present, and
wherein said step (f) includes providing the information to a designated one of said plurality

of the second locations, thereby providing the ability to communicate the information within

SN

a network of the first location and said plurality of the second locations.



