WD 03/ 009500 PCT/ US01/ 22927 HUB AND PROBE SYSTEM AND METHOD

CROSS- REFERENCE TO A RELATED PATENT APPLI CATION 5 The present application
is a Contwpuwawdwsne | n- Part Patent Application, and the | neemtusol/ed9ai ns t he
benefit of priority for all subject matter commonly disclosed in the
present patent application and in parent patent application El ectromagnetic
Comuni cat i on Syst em f GFIUB/ANDERROBE S¥SHEM ANRMBTHEEDIJune 1999 and
assigned U.S. Serial No. 09/340,218. This application is related to United
States Patent Applications 10 entitled Exciter System and Method for
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generally to wireless comuni cations, and nore particularly to a hub and
probe system and nmethod for .internal communications wthin structures,
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limtations on connection |ocations and the need for Beri odi c upg}rgdi ng

when t echfommgynieatipa Syesm fvpWaelass Netwerks, filed onghdbwed 999 and pystgned

furniture I [ el.ectrigal. W.ri I .nterfere
wth conySRarde S aBR kol I RefonBiBulel FRFRERIIGAOR O o
from gal aghtittedicker Syebrh bitElet RGBT EbafnRIRE6ASONRBIRQhI Encisied SpSceefi
frequently interferes with the quality and efficiency on in-building
communi catilegreonc@oently widstbe prssentiappli¢aéionnvent ors prior application, a
negl ected frequency band in the electromgnetic spectrum at |east from
t he standpoint of comunication il i.0 | that in the 0.5-100 M
range. Miuch of this range is tr#tmlyﬁ%iél dered to be |less Attorney
Docket: 60607. 300630 1

15 The present invention relates generally to wireless communications, and more

particularly to a hub and probe system and method for internal communications within

structures, particularly at frequencies in the range of 0.5 to 100 MHz.

BACKGROUND ART
20 Ty

1
|

Communications withiﬁ Buildings and other enclosed spaces have long presented
problems. Communication wiring, such as for local area networks, is effective but suffers
from problems with installation costs, limitations on connection locations and the need for
periodic upgrading when technology advances. Metallic structural members, interior

25  furniture, plumbing and electrical wiring all have a tendency to interfere with conventional
wireless communications. Outside interference, such as from galactic noise and human
generated electromagnetic sources also frequently interferes with the quality and

efficiency on in-building communications.

30 As described in the inventors prior application, a neglected frequency band in the
electromagnetic spectrum, at least from the standpoint of communication utilization, is

that in the 0.5-100 MHz range. Much of this range is traditionally considered to be less
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WO 03/ 009500 PCT/ USOL/ 22927 than useful, and is accordingly |ess regul ated
by governnment entities. An exanple of this in the United States is that
Part 15 oWotoheoE8C Rul es apply in this range. One reason taatusSot/ki9s7 r ange
is not wwdely utilized is that the waveforns have sufficiently |ong

wavel engths that structural interference affects transm ssion and

r ecept i onthahiosefuk and siactortiinglydessmogristed by goeahmehtegiitiést Amexangdonthisossi bl e
to harness this.r e aqf frequepci.es { turn the factars whic ave
been hi nd}ngtireiﬁmﬁeﬁggﬂ%sowmﬁéai Oﬂﬁh%ﬁé‘g I%’f“@?ﬁ‘_&!ﬂ?ﬁ%‘@ﬂ%%i @nﬁﬁe@ﬁ%ﬂf&g whi ch
has been L ltahge He (ideRPhilpRdlis thd the 2RYefol@hdve Q0MHCleN11y mnngeféﬁgih'sng Wit h
evanescent (non-propagating) waves. 10 Comercial utilization of These
phenonenattaseudieehinteifeeencd hfeqpd i mommssioreang rkeepion. Hodewdrswithdhe i n

wavegui de_technol ogy, but are ordinarjly hi ndy ance, dlimt the utility
of striict IVERAEACCRRGIEY 1 hehbrsAmedrossibie-to Apmesseli reep ob Begnenciegand to
conventio L ] i rgdes when the 15 size of the
hol | ow pi ggh\;\l/gé\’/@g%?%%h?@h \Iéésﬁs%&% h%ﬁra%ﬁgﬁﬁg@&@ﬁg‘% of the wavel ength at the
operating frequency. Wen these conditions obtain, the transm ssion | osses

are very high but not infinite, The expression for _attenuation hel ow
cut-of f in i dedin aipaiplaciresmagnstic phenemena whigh hasedbegp littleaypderstpod and7¢ / x| 1-

(.f 1f,)2 Y . at 4110 ~ 3 EN0) M"Y ) h f =
operati nguéﬂr% eegt}e @{/"%%‘Qy ¥ ffh ai d%%%gﬁl#hn§a$?%aﬁte@%p gc{p i }‘%&%O%ﬁer e the

wavel emgt Wonfmertis! @MiRitivn srah&k phertinddnathavd BeeB/rire( CZphenbmenchieknodd f i's
decreased below fl, y increases froma value of 0O approaching. the constant

val ue of 2ngd pbserigddmwergguiderechaologyontpre oubinstin a bipdranece Andiipg ihe ytility
determ ned.anly by th ut-of f wavel th of the waveguide, which is in
it i R v R :

gener al pPB ransver se ‘'si ze of the wavegui de, so

Cut-off occurs for conventional propagation in hollow pipe waveguides when the
15  size of the hollow pipe waveguide is less than one-half (1/2) of the wavelength at the
operating frequency. When these conditions obtain, the transmission losses are very high
but not infinite. The expression for attenuation below cut-off in ideal waveguides,

Equation 1, may be written:

20 v =21/he 1= (F/ £.)? (1)

where:
Y = attenuation
A.= cut-off wavelength
f= operating frequency
25 Jf- = operating frequency at cut-off
where the wavelength, f; is approximately equal to 11.8/f (GHz) in inches.
As fis decreased below £, y increases from a value of 0 approaching the constant
value of 27t/A, when (£/£;)” << 1.

30 The amount of attenuation is determined only by the cut-off wavelength of the
waveguide, which is in general proportional to the transverse size of the waveguide, so
that the value of y may be made almost as large as one pleases by selecting a low cut-off

wavelength or a high cut-off frequency (small pipe size). Since (1) holds for any wave in

Attorney Docket: 60607.300630 2



1

that the value of y may be nmade al nost as | arge as one pleases by selecting
a low cut-off wavelength or a high cut-off frequency (small pipe size).

Si nce (1)wbaBgeoshor any wave in Attorney Docket: 60607. 300GAG0R2MEY

03/ 009500 PCT/ US01/22927 any shape of guide, it follows that choices of
wave type and gui de shape cannot influence the attenuation constant except
in so farangshdpesyf duide, itHellovutthafchoices/af wangt typand guidesshapotdnant infloendeng t he
core of many subjects in physics, is a promnent 5 (interdisgiplinary)

t opi ¢ inthaﬁvﬂlﬁkﬂ%égwﬁmQ@VWPW@SP#@dﬁﬁ@ﬁﬁ@ﬁﬂﬁéﬁ%OﬁH@W3ﬁ¥F Moften deal t

with in great detail (for good reasons), the theory of evanescent waves is
often only nentioned in passing. Such small nention is by no neans
justified: evawassaidtionasaiing tHerdogd SBxhhiy m?mcin phikids/ik a@doaizenas

conveni ent mat hematical tools having po application in mnd3 4 - matured in
the | ast (@derdieiplinaryntapbyinnapy texthpoksin While traditienal mese metion isfendleglt

steadily increasing.n er .of applications.in basic a pplied
resear ch ‘ﬁﬁﬂmi & e?trf%ﬁaéf@. goRWeaﬁ?lgsg,atbgﬁ}e%y QRGP STAYES lxtég)# " %@l (Ya an
evanescenh.WRyed MeRst ting a 15 classically forbidden regi on (bel ow

cut-off). In this case, at |east one conponent of the wave vector becones
i magi nary or a conplex value and the wave experiences exponential danping

when operating.in this regio t he cut-of.f effect described .ahpv.e). Such
vaves are uscu s afEth Abvinsdnet iERY SeReEs S Fioh DS RESMERSES dos:
appl ijgat | iﬁﬁ‘éd%c%ﬂ 9§ cohdeABntndBERRICI %Fsl thvin%%d dhphitAtof iPRURP ¢S nddtbred in

m crowave-technol ogies. Explicit exanples 20 show that evanescent waves
pl ay an ithpdast detadestoe topicmif its owaviesipsio pterest, firsling ayttendily increasios apmbst

cquat i onsol PRFEOBR( biRigs Pl B TSGR IR R EP b HHEYGy r ogi mos and
conpletely different structures and sizes, wave notion in the respective
systens under consideration often involves evanescent waves. 25 1 "Fields
and Waves i n MagepropRading'wavSinamveertintnah dehescedt wavewhenhgti@g6- 387, dat ed
MRy 119556 classically forbidden region (below cut-off). In this case, at least one component of the

wave vector becomes imaginary or a complex value and the wave experiences exponential

damping when operating in this region (the cut-off effect described above). Such waves

are used as diagnostic tools in many contexts involving waveguides; applications range

from diverse areas of solid state physics and microwave-technologies. Explicit examples

20  show that evanescent waves play an important role in microwaves, optics, and quantum

mechanics. Despite the fact that all of these systems are governed by different wave-

equations, different dispersion laws, different energy regimes and completely different

structures and sizes, wave motion in the respective systems under consideration often

involves evanescent waves.

25

T “Fields and Waves in Modern Radio”, Simon Ramo and John Whinnery, pg 386-387, dated
May 1956

2 ON EVANESCENT WAVES, A. Stahihofen and H. Druxes, Univ. Koblenz, Inst. f. Physik,
Rheinau 1, D-56075 Koblenz, Germany

Bryndahl, O., "Evanescent waves in optical imaging", in Progress in Optics (American
Elsevier Publishing Co, New York 1973), pp 169-221
4 Hupert, J. J., Appl. Phys. 6, 131-149 (1975)
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2 ON EVANESCENT WAVES, A. Stahl hofen and H Druxes, Univ. Koblenz, Inst. f.
Physi k, Rheinau 1, D-56075 Kobl enz, Germany 3 Bryndahl, 0., "Evanescent
waves i n wptisoedsoé magi ng", in Progress in Optics (Ameri camCTHIS®EYI9RT

Publ i shing Co, New York 1973), pp 169-221 4 Hupert, J. J., AppL Phys. 6,
131-149 (1975) Attorney Docket: 60607.300630 3 WO 03/ 009500 PCT/ USQ1/ 22927
The typi cal neEieatypisasmechaoismsanguhiing fohtheesxistensa of evdnesoeniieasce Ate: Whves

are: 1) conversi.on into, other forns, of ener in l.ossy nedia, 2) cut-off
nodes in TRVEEOR 1@9?@@?&8%5 ?é@ﬁfgtyil%]é’s%yrra?fﬁ?’%lc_ &Toﬁoéﬂ%alqsﬁn‘fegitgjé]l e?ss nedi a,
3) grad uahirécﬁg%ﬁgggﬁtg%ﬁﬂﬁf @MedtioBMn 16Q1ehPiBAig U3 \irAguad | dakede BE %ﬁer?ﬁ foff node

conversi on pr obstacles or by changes in 5 guiding structures.
Evanescentertaivagdihg steuctores apé dimode cquvensiont preducedrbytdbstaslesiefbyi aigngestini t i on.
As a typical exanple the fact was nentioned that they operate in the

f or bi (ﬁjeng‘%l@‘ﬁgéﬁﬁu‘(tﬁ@ﬁ-ow cut-off) experiencing exponential danping. Wave
notion invol ving evanescent waves is 10 easily denonstrated with

el ectromagneti ¢ waves using m crowaves. A guide to many experinents

i nvol vi ng evanEsgesdentvadess liase poroe patakihr pyoRiciRss sdoietinieRlyinginthmionr st | on
Resource Assocjation” |ocated a

htt p: é | wintpisp s ampia e St Mens gl@qtnﬁp%ﬁﬂf%ithfm oRezate & thefprbiddsn ceeiqn (below
: et . ' o
o 113 B cL53ERL Al SRl 8005 N okl PR BB e

experi nmen evane e S to easl

access bl easlly i@n@istitged wWith électremappeticesivab ussb edciovaives | Aegdideotagast |
connectivity can be achieved by the use of evanescent nop-propagating
waves bel ewpesmentsifvobing pmnatrant WeyehiwaavidesbbePIRA chg cRbxpics [nstigetfon sone
met hodol o st .devel ' ?99 b Dl i : tallic
el enent s g‘gsog}j S tjsr‘sgg?l%t?%n ilﬁ@aﬁ%%ﬁﬂt@% e\?I{alﬂ%gﬁ%g'%%@gét&ggﬁgfgﬁeeéﬂgg% in the
20 cut - of Thik 86lire& provitles kh&if deseeibisnsip baelstdicasowidlt & thofeagplisticarte

traditional antenna technol ogies can be used. ) L
experiments with evanescent waves referring for details to easily accessible literature.
15
It is now established that electromagnetic connectivity can be achieved by the use
of evanescent non-propagating waves below cut-off or propagating waves above
frequency cut-off. Some methodology must be developed which can inject currents into
the metallic elements of a structure in order that evanescent waves be generated in the

20 cut-off region. For frequencies above the cut-off region more traditional antenna

technologies can be used.

Although the phenomena relating to evanescent waves and other wave
characteristics resulting at wavelengths below or near cut-off regions are known, they
25  have not heretofore been meaningfully commercially utilized. In general, these
phenomena are considered to be hindrances and nuisances, rather than opportunities for
actually enhancing communications. In this light, there remain many opportunities for
utilization and improvement, to be addressed by the present invention and the Inventor’s
related inventions.

30
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Al t hough the phenonena relating to evanescent waves and ot her wave
characteristics resulting at wavel engt hs bel ow or near cut-off regions are
known, thwyp o3@shave not heretof ore been nmeani ngful |y commemaisai/bag27
utilized. In general, these phenonmena are considered to be hindrances and
nui sances, rather than opportunities for actually enhancing

comuni cations. In this |iSIIMMARY OF FHE INVENTIOMNortunities for
utilization and inprovenent, to be addressed by the present invention and
the Inventor's related inventions. 30 Attorney Docket: 60607.300630 4 WO

037009500 PCT/ LM 649 49%is aﬁl&%ﬁgfc‘) tgg lplir%gi&zt lif N mtﬁ&%(?ﬁéj&ﬁga{deris%iés dfs an

obj ect of the preselét%gi nventi e the characteristics o

el ect r omagaglontigadtieegsrgy in frequpneres indichyiodiice prantacat eases sokmntnewssnes, and
in near cut- 5 off frequencies, to provide a nmediumfor effective

conmuAi caaff Gaqueneies, ko BROVistera medivm for eiectiy FATRMUBIEHI WHRINSHUCHIES S et
invention to provide a nediumfor an exciter to send and receive
information wirelessly within a structure. 10 It is a further object of the

present i nventj @ inbMePbBjettAs the Preddit itRntictrtotpeovidy b arsliunh for anegeteytng
information through the nediumand sending information thereto. It is yet
anot her mpé@ndmpelvm@qum@ewme&ﬁﬁélﬁw@w%%ﬂlﬁ%@-i de for a remote device
probe that creates a radio frequency to transmt data to the exciter and
ultimately to the 15 nmediumfor conmunicating with devices outside the

strugfure, as w4 fuRBerbtjéut OF AR prefeiiventida s pasviden plobe vnlrebterdevicdnot her
obj ect of the present invention is to provide a probe that creates an

el ect r onefgn etcevinginfornpatinarthraugh thomedivmgng sendinginarmatipd thes#tosi gnal s to the
conducting 20 elements of the building and thereby the exciter. Briefly, a
preferred enbodi nent of the present invention is an exciter systemfor

ener gi zi ng and PRt adthe Midh of e JreREE hmBien e brovidedot a Canviedided i ons
Systemfor Wrel'ess Networks. This is a wirel ess technol ogy schene which
al | ows wi prebesimt creates a radio frequency to transmit data to the exciter and ultimately to the

15 medium for communicating with devices outside the structure, as well as with other

remote devices in the structure.

Another object of the present invention is to provide a probe that creates an
electromagnetic environment for coupling the transmission of signals to the conducting

20  elements of the building and thereby the exciter.

Briefly, a preferred embodiment of the present invention is an exciter system for
energizing and operating with the Electromagnetic Field Communications System for
Wireless Networks. This is a wireless technology scheme which allows wireless

25  communication within a structure. In a typical residential, commercial or industrial
building, the exciter performs the function of exciting the a conductive framework,
formed of metallic elements existing within the walls of the structure, whether they be
electrical wires, metal walls, plumbing or any combination thereof. This wireless system
is initiated by a hub and controller network which is connected to and drives the exciter.

30  The exciter in turn energizes the conductive framework in the building walls for use by
any number of remote wireless receivers situated within the structure. The basis for this
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25 communi cation within a structure. In a typical residential, comercial
or industrial building, the exciter perforns the function of exciting the
a conductwoesfomnewor k, formed of metallic el enments existecagsei/einen the
wal I's of the structure, whether they be electrical wires, netal walls,

pl unbi ng or any conbination thereof. This wireless system is initiated by
a hub andtecimtlogyl ib disclosethand icontained in shedoventetsdd S. Patant! Agplicasion ehidtledx ci t er .

al 51 or EliSomgEnesh ) iR oo o i1 Do RaT gar s P IR i ¢ i
the str ucé%@,@%@%@n& Q§9é.h‘-l“ﬁe ¥ 4R QM ofR DK BForkGRGHEAwith HEGRcitkr S VO

03/ 009500 technology I's disclosed and contained in the

i nvent or ' wotls tSalliRateampkppvireless osteantol dpeeate wiEhiact stowhye état goblde! d
Communi cations System for Wrel ess Networks, serial nunber 09/340, 218,
filed2s5 Qfigevisony beppsitieh and control ler network along with the exciter
works to allow a conplete wireless systemto operate wwthin a structure
that would 5 otherw se not be possible. The Hub receives information from

devi ces out si dEh@HuB rskikes BESRGIHHEING ddvies outside Wf b uvitelest kemeuaichtiomal
devices may be hard wired to the Hub or they may connect wrelessly. The
Hub may astsistarec dhese externnl daviresmey bahard viked te)the s of they gy sppisst ure. 10

The Hub | i excl L0 Bed i gnal
ther et 0. PRERLL TRy A3t b Pecel BB D PR PRy s B REA ' 07

f r equ@ncyThOHAb RrafdieitsQhis AafLihe exElRY be eendinghi frequbecywigial #rsete.0TheINi cat i on
structure via the evanescent waves. The probe passes the information to
appl i cat | ewiterfieaies nnessentsvaies 48d relaysihordio fragaencyde @ prope gvp fgnote

communi ¢ a(i%f?{ﬁ?\g{s]rgt? e;%fﬁl%sﬁa@é#%}uqﬁgaiﬁﬁg s@%ﬁ%ﬁ%%g thé 3?1%{% et Wa{/gsr .eg)r(g e probe

when t he Ica es' ta requency signals to

the pondugasisé/seth@ ksvantion tdapplicgtiol digtohict, Rectsdsrtubhibis, A efx Aitgsing
receives the radio frequency signal and passes the signal to the Hub,

where it ewymbeicaismsiinmche semetetdsviea lateysent tojthg excitar vip theopiobpahen 9ot e

devi . 20. An. advant age .of the pregsent invention . is that .it Ldes a way
to aglteslsvaP@b_ﬁﬁlecgf’?lé%Pfﬁ%lyccé’H&?ﬁ F%Cg? ﬁs%%en%%%r}ak t\?/itb?'nc %CBY.I&I Tl %ﬁég %‘r

struct ur e;HalRi AR It sih&@%e. The exciter receives the radio frequency signal and passes the

signal to the Hub, where it may be communicated externally or internally to other remote

devices.

20 An advantage of the present invention is that it provides a way to activate an
effective communications bubble within a building or structure which minimizes
interference from outside sources, such as galactic noise and man made radio frequency

signals.

25 Another advantage of the present invention is that the Hub controls the

dissemination of incoming and outgoing communications as related to external devices.
Yet another advantage of the present invention is that it minimizes noise
interference from sources within the building.

30
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interference from outside sources, such as gal actic noise and nman nade

radi o frequency signals. 25 Another advantage of the present invention is
t hat the wWow3oasvo ol s the dissem nation of incom ng and @@Tgong927

conmuni cations as related to external devices. Yet another advantage of
the present invention is that it mnimzes noise interference from sources
within the bui Adurger adventage ofthe presentispstemdnibetyit sooasoats vpdsr@3r00S00

PCT/ USOl/équ%; ﬁ‘ further advantage of the present systemis that it can
operate u der (;35%?8‘15 of the FCC rules. Yet another advantage of the
invention is that it uses the size of a structure to 5 elimnate the need
for very large_ antennas. Another advantage of the present invention is that
t he renote deviYebapthisadvantage oipheinveniiniisthabit uskisthasizoof sgnuitureve. 10 |t

i s anaqt her,. advant age t he. present invention that a broad frequency range
is c%faat%lﬁmﬂglte%%g%%ﬁigf’ﬁwhgﬁfo?n?ms'pr obe as a system A further advantage
of the present invention is the flexibility within the broad frequency
range, created by the linear and bilateral nature of the system to utilize
all 15 neans ofAnpthduhdstaniape ofthh prepestsinventionds thet the surea dgvibk picbedn Ml ti pl e
Access (FDMA%?,sc Time Division Miltiple Access (TDVA), and Code Divi sion

Mil tiple HUB §a’(“¥3’t§lﬂ5{}.‘ilre"1‘%§‘°@s§w& ot her objects and advantages of the
present invention will becone clear to those skilled in the art in view of
the description of the best presently known node of 20 carrying out the

i nventO on and Itheanotherskivankdgeayfphe pmbedt iventidn thixen tpoed Geqeshce phgdistent as
descri bed herein and as 'Illégéra ed in the several figures of the draw ngs.
At t or ney PERRA LY taoBEHors s and PTORD B 4/WHIBO0 PCT/ USOL/ 22927 BRI EF

DESCRI PTI ON OF THE DRAW NGS

A further advantage of the present invention is the flexibility within the broad
frequency range, created by the linear and bilateral nature of the system, to utilize all
15  means of modulation techniques including Frequency Division Multiple Access (FDMA),
Time Division Multiple Access (TDMA), and Code Division Multiple Access (CDMA).

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
20  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.
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FIG 1 is a schematic illustration of the various parts included in a
W reless conmunications systemw thin a structure in accordance wth the

present iwWoeadsn 5 FIG 2 is a schematic illustration @CTiusberasat
Wi rel ess connectivity in accordance with the present invention; FIG 3 is
a schematic illustration of wireless applications connectivity to external

sources 10 in accor daBRIEN DESCREPFIQONAF THEHIRAWINGI G 4 is a schematic
illustration of external connectivity to wireless applications in
accordance with the present invention; 15 FIG 5 is a schematic

| 1T ustratien 19f » SBGnl B hRE th ORIRAYS pafts ﬁlcmae&ineas@lreemmm cation

structure’in accoa%ance W t %iu present |nvent| on; FIG is a schematic
i |1 ustr atdoamm@ficaions systeas svithmrmdmctwatr aicosipatewith theqxrescntjlavmmmm th the
present invention; 20 FIG 7 is a schematic illustration of a | ocal area
net work in a wireless communication structure in accordance with the

present ]15%9 BtL 9 rgchellzﬂaﬁc 1]§1s{r§t1%k&q{i'tr SHRT bfrelebd dophbaiv Jg th Qéco?daﬁ@ecﬁfth t¥e System

in a wreles§ comuni cat ucture 1 n accordance e present
i nventi Orpremdlﬁbﬂﬁorﬁ is aflowhart illustrating a process for utilizing a
hub and probe systemin accordance with the present invention. Attorney
Docket: 60607.300630 8 WD 03/ 009500 PCT/ US01/22927 BEST MODE FOR CARRYI NG

OUT THE INENTL N The 1 a6 o] BMAPILARL R ANRPL A d D P AlESat e

conditions u Invention cribed 1 n e prior app |cat|on of

Geor gm Gmgb@(g%ﬁd@,wﬁemeqiresgﬁ invenflOn:09/ 340218 wi || operate efficiently. It
is adapted to operate in an encl osed space and to operate in conjunction

with the exciter systemand nethod set forth in the conmpanion application,

fil e_d CO% 458 %%Xhe%?&ﬁ%us?raﬁon 0 g&e%&al%%ﬁ'necﬁvﬁ}? ﬁ)t w@&gssqa&)ﬁmaﬂgﬁs ﬁf the

earlier
accordance with the present invention;

3
15 FIG. 5 is a schematic illustration of the internal environment of a wireless communication

structure in accordance with the present invention;

FIG. 6 is a schematic illustration of a wireless remote control system in accordance with
the present invention;

20
FIG. 7 is a schematic illustration of a local area network in a wireless communication

structure in accordance with the present invention;

FIG. 8 is a schematic illustration of a security system in a wireless communication

25  structure in accordance with the present invention; and

FIG. 9 is a flowchart illustrating a process for utilizing a hub and probe system in

accordance with the present invention.
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filed priority application, published as PCT/US0O0/ 11886, are directly

rel ated hereto. 10 A presently preferred enbodi nent of the invention is hub
and probeweysiwersoand a rnethod of using the hub and probe pPgydiseneion7 an
overall systemto facilitate and optim ze wreless comrunication within
any of a variety of enclosed spaces. The preferred enbodi ment of the
present invention BESTUMORE RORCGARRYINGEOIKI TR KNVENTION he

El ectromagnetic Field Conmuni cati on System for Wrel ess Networks set forth
in the 15 above referenced prior application. The presently preferred

embodi ment i s el GLLad; ntﬁﬁlisﬁd%'{c'éi?iotﬁ) oficRhiRe SyiRfRIAs aRdermlicioge A hub

manages i nformati'on and comruni c signals and data between external
and i nt eringdntidedeseibed astheptibr aplibetonadGdongeeGn@hadiaok, Sesial [8p.gnal s may be
20 conmmuni cated fromthe hub_to an exciter that creates (? escent .waves

t hr oughouf®/8934 1§ avilloperattiefSiee aﬂé?@é‘ﬁ?te%‘?/«%erﬁeéﬁ%?’?c ‘\qua‘? SP??F&P%?i on
the- str uotty e AR Wifine bbb o] ' Hifod WHISHE RAnE BpAisieV! CES 1 1

the struc re co usmgaproeto
el ect r omeggptititionl filkd congur@ntly Aaswitht Etle disglosirs, tert andtdrewmps ofthe ealier

conductive elenments, which are connected to the ex itﬁ;' TE(S exciter sends
t hese si ghlad sriorty appligatienmublishedas RET/EROY bHEive a@yglteé 1R eRSheAEton ¢ he

exciter systemdisclosed in the conpanion patent being filed herewith and
entitled Exciter System and Method for Comunications Wthin an Encl osed

Spacejo The excAtpessesttspfbrics daboaingat bthe heehtibn 3dubnadd pabersditaglayd at he hub
is hardwired to the exciter device. Incomng signals or_ information from

ext er nal melod 0§ usingthedwbeand iprobe; ssste in Ar ovRIALl sitenn tifaciittpe MskORtBHZRr t s

Attorney Docket: 60607..3006 9 /.009 / e signal or
i nf or mat i B GTRNPAGHIGD P q%%“ﬁ\é\’ga%‘gt9£§%§%§%s ?%tjs 'eﬁgegoér rzmt;epte ?n the range
of  0.5- 190Anddihed ot thd pasdit irfvehitith is haptdd todadilateandiweak. williettexci t er
creates radi o frequency evanescent waves, which perneate the structure and

al | ow f or Efectiomegnesic dieldiCantmsurieagionSystem fonihérietass Networks sst Bdsindinect ed to
Ut oo R e B hones PEATRY HEes P o RARRG: HidRETlas®t onel S

a hub and probe system and method.

A hub manages information and communications signals and data between
external and internal devices, as well as between internal devices. Signals may be
20 communicated from the hub to an exciter that creates evanescent waves throughout a
structure. These evanescent waves transmit the information wirelessly to remote devices
in the structure. Wireless remote devices in the structure communicate with the hub by
using a probe to electromagnetically couple transmitted signals into the structure’s
conductive elements, which are connected to the exciter. The exciter sends these signals

25  to the hub.

The hub and probe system works with the exciter system disclosed in the
companion patent being filed herewith and entitled Exciter System and Method for
Communications Within an Enclosed Space. The exciter system is powered by the hub

30  and accordingly, the hub is hardwired to the exciter device. Incoming signals or
information from external sources are routed initially through the hub. The hub converts
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conductive elements in the walls of the structure. The probe signal is
received by the exciter via the conductive elenents, and the exciter in
turn passwe iloas8é gnal back to the hub. The hub may commeeirasve219be si gnal
to external sources or to other probes associated with renote devices in

t he structure 10 The exciter creates evanescent waves in the structure and
probes lg@ha@nﬁtrm@mn ylte@cqshefrta@wmewaibma@ppﬁweatelfemmtumthmrmemft he

structure on. al for WI Iess transm

nf or mat i 8?@94&11% eIPORRL Pl RlRe offiel s Ffal BMET Al fotnsRhoy

non- pr opagadreS@at ;Gb]\eesvrwmbﬁ@eﬁﬁettecmeqﬁﬁéthf&anelaﬁaw%ﬁtrtushﬁgsrbntdﬁhe@{gml I's of
the structure support the evanescent wave field. The exciter couples energy

from theoh utﬁomrattlon thrObgmmrmtectvda teeh sarety of wintdté devi¢rs imtbie|ssructiird. WEhe

struct chematig illu ion of the vari,ous rts i ncluded
o et s Ve et SeusnripY Aerangmeliiy coupite s dance wh
t he presepbnddietibBbnts iBe walls 8f fhdGhriétfird. STH %HB@@ ﬁ%ﬁﬁ% Itat'e&éa%

outlining the internal parts and sources, I s geheral r ef ed to as a
bui | di ng ardter siadbncdredctivye etlémentaefaad dxmcitmrm ah phekes ﬂlctsgmllebank to thee

bui | di ng g a&g ﬁJISt vari ous external sources 12. These external sources
may be h PRl e IEaX FRIMKRUBICHE e Fighahto GrieIndl sRPress of MeStherRroRSSmuni cat e

wi rel essl ﬁssz:JIta dt\ﬂﬁtrfﬂétiéde(h&s‘ﬁi( g ﬂﬁ&tglseources of data may include, for

exanple, satellite television tel evision, an Internet provider,
and al@el ephone provider. Wthin the burldrng 10 |s a hub 14. Parts that
may conprise th%'hub14 system include a diplexer connected to the

exciter 18 The DR GFCIEEH CieRLes IS¥anesieRb A 1R qqmﬂd”€%6W4E¥’%% via a coaxi al

cabl e or | er?@%ﬂ & Q%E% Bl Qe & e‘ﬁts%ttgﬁ?neoé’t@%glgé artiyhignvention. - A

power anplr nsmitting srgna e 1nc as wel | as a
recei ver . 2ambmaticrealieiwg ifoigwiralesy traisingssioh Ibﬁ[ﬁfd)ﬂﬂiaﬁbﬂ&hﬂﬁtmhé e&actafh Fhef r equency
conversion Attorney Docket: 60607.30063Q 10 WO 03/ 009500 PCT/ US01/ 22927
modul e 24 CHRESIEt WAYSS GERRPIFBoPagptingr tlnp gridnging conductmgcelomnests Withindhe

I gt i h I%\f]ani B the E&H@h{%‘%uﬁﬂ&'n BRSSOt W QHIRT AR kB RUhHES AeREPHGRO U

the hub into the conductive elements within the walls of the structure.

FIG. 1 is a schematic illustration of the various parts included in a wireless
communications system within a structure in accordance with the present invention. The
20  structure is represented by the box outlining the internal parts and sources, and is
generally referred to as a building and is denoted by the reference numeral 10. Outside of
the building 10 may exist various external sources 12. These external sources may be
hardwired to the hub within the building or they may communicate wirelessly with the
hub. The external sources of data may include, for example, satellite television, cable

25  television, an Internet provider, and a telephone provider.

Within the building 10 is a hub 14. Parts that may comprise the hub14 system
include a diplexer 16, connected to the exciter 18. The hub 14 may be connected to the
exciter 18 via a coaxial cable or any other method suitable for use with the present

30  invention. A power amplifier 20 for transmitting signals may be included, as well as a

receiver 22 for receiving information from internal sources 30. A frequency conversion
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i ncl uded may be nodens 26 and a network processor 28. The foregoing parts
may generally be included in the hub. Various other parts or nodul es may
be i ncl udwo m/o4she 5 hub, as will be indicated by ot her emoadiSoem9g7 of the
hub in accordance with the present invention (See FIGS. 5-8). Also within
the building are internal sources and wireless applications 30. The

i nt er nal modie?4 mapde widsled §or cappeiitiog sigoals t@and fsemirsdio fhigfleansigs fon from

t | 12 . 10.vji ) dip f f ih it 18, th
cHLEr el Souees, 20 0 L e L SRUeIE AOR b BCH AL 10,
communi Ca}h&lvg@ed%%yhbé RIS B8 AR 2 BAWORESrobdssor 2 S CTHE fokdboliy|Riits nibgy | S

incorporated Iinto the hub 14 systemto ensure the secure transm ssion and
recei pt afenerallj be mahided in the hilthe Vikibuslethergmets we snddnfes mag e dachfded im thevi ces

outside (i.e. external sources 12 f a w.reless co ni cali,on structure
(i.e. Souilgi ﬁdeld)e.ln%ﬁ@E@g%R&l@? ﬁ‘&%")fg‘é‘s‘ilté ggthf}uﬁdg, o W?‘\g\ﬁt‘?eéﬁef‘??gt he Hub
14. The 'ilﬂpen%nt(ﬁ%hrﬁﬁs{ g_gt)hi s data to the exciter 18 by sending a
frequency si gnal ereto. “The exciter 18, in turn, passes the radio

frequency to a probe on a renote device within the wirel ess conmunication

structure 10, by creating evanescent 20 waves over whi ci_h t he ai qnal
travel s. The pavithibihe Bailding arerjaterat uneasiand varsless aplicetinns 3fs 18€ect r oni cs

i ntiﬁ%opr?all st G v@&?es%%@?iﬁgﬁ(?%s%@%{%&@é iinﬁﬂﬁlaég% fromUierd sodrgbephones,

(i.e.

PCs, etc. nmuni cat1 ons” ou omthe renote devices are sent to the
exci tigr ha ¥ir@di@ fieqebinoy foaoptie 8Litet 118 ahe dxditer tdveivingahe freqdemcyesigingd firoadi o
frequency signal is electromagnetically coupled to the caonductivye el enents
in the wethe hgb 1¢ ged theihugildFommunmcsting witdthe exernalpouEesilyed %eﬁgltyi%ﬂeb
frequency,from con t n Ln.t - LUl L : nd
passes th?’ei g illbcrﬁ’ﬁﬁ) org%&tl%é?}ﬁﬁ%l%rlﬁ% M\Aﬁ@@ |§1 r\érr,g]!;ll‘4 %gg%rt%a%g[gg E}gh %ﬁ% %rg%lép?f;l or
comuni cahfEmanéer nal ly. A diplexer 16 can function to connect two pat hways
to the exciter fromthe Hub 30 14, such that the transmtter and receiver
can operate sinultaneously (full duplex). The diplexer 16 separates the

poLIRYS a0 DRGNSy KISk SUBAAS oL ABATLHIA 10 o B0L/ Y focket
a wireless communication structure (i.e. building 10). These external devices 12 may be
hard wired to the Hub 14. The Hub 14 transmits this data to the exciter 18 by sending a
frequency signal thereto. The exciter 18, in turn, passes the radio frequency to a probe on
- a remote device within the wireless communication structure 10, by creating evanescent

20 waves over which the signal travels. The probe then passes the information to
applications electronics (i.e. internal sources and wireless applications 30), such as
telephones, PCs, etc. Communications outgoing from the remote devices are sent to the
exciter 18 via a radio frequency created by the probe, where the radio frequency signal is
electromagnetically coupled to the conductive elements in the wall of the building 10.

25  The exciter 18 receives the radio frequency from conductive elements in the walls of the
building 10 and passes the signal to the Hub 14, where it may be processed internally or

communicated externally.

A diplexer 16 can function to connect two pathways to the exciter from the Hub
30 14, such that the transmitter and receiver can operate simultaneously (full duplex). The
diplexer 16 separates the pathways and prevents the transmitter from saturating the
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receiver 22. Alternatively, a transmt/receive (TR) switch 17 may be
utilized to achieve the sane separation in a comuni cation system where
nei t her twe oB/easseri tter or receiver operate sinmultaneousiPgT(Usal/f29aupl ex).
The TR switch 17 may allow the transm ssion and receipt of information
over the sanme frequency. 5 An external source may be any source_ of

i nf or mat ireceitenaf. Adiegiatimelgsa tansist/reotive(TR)switghdmaayeht Wilized @echieve he
structure, Further, the external source be .the,, term nation point of

i nf or mat itBHSARGIEPRAHAR T F%m{lwgatg{nrsg&t?@;@_er @@ﬁ}eﬁg}e t§W§%§ Orrrléeﬁgwér

I'ncl ude
devi ces %%ﬁigﬁnﬁlt%ﬁélggﬁﬁf& &Y! ThOTR SieBa76ndPAIRW Bk @ansndssidddrRr net
provider, "a phone provider, of a conputing device, or any other external
sour ce sukdeiftl of iiformatoa onet the stine fiegesent i nvention. For exanpl e, Bob,

pl ease provide nore exanples. Simlarly, an internal source nay be any
sourcé of information that originates or is otherwi se generated inside of
the structure. I %ﬂ:er : 1 ! iqpoi Nt of

i nformation se%%-gg?%l% Sfoﬁllg‘?édlg eﬁgtsgﬁ%cte %?le&%?n%%? rsﬂl1 %Z’tﬂ? _%gtegt% ?lgct ure.

| nter nal @GR peaaatedNEsidd dfithbetrucuret Fudbet desextéfhe sowoimy Hetliecces may

i nclude devices such as _a DVD pl ayer, a conputer, tel evision, and a

t el ephondernpipatioyenoiral information pertdrerm ysids thesiuctyre) %&Eer%ﬂiﬁo%‘ﬁ‘??é?aydevi ce
suitabl e .for. use.w t t] . NSt nput i ng
devi co. mip e T el P RE Mo RUE R B el FAligh VB BRAH prRl BT

i 11 usfior atghee pfovidek oradontfutal detics; onasy bihet éxteinal oersdastiefor wsd withhe
present invention. The exciter 18 is connected to a wal] 34 of the building
10. The thepwasen ipvestien; sBer exgmple, BRb, please provide mners €<8mpIeR) i nf or mation to
the exciter 18 and receives (Rx) information fromthe exciter 18, as
shown. A probe 36 (not shown), is 25 attached to a renote, internal device.
I nformation segimihflp BntilerRX o€ mdBbé snyt yppfceafinforhatidn thitfofiginates of issquency
than information sent to the exciter 18 fromthe renote device, .

Appl i cat | shervasegeogiatey imsige ofhe sspeprem fbeiprmalgaueeesmayroniy reiiHPues may
i nclude infor

i nfor ti Qﬂ]]nts TJI O%Igalq%lgsg}lteéé@?%fl&%gee )S(t?lllgtl?l'r € O} %u?stldettﬁg st?@d?&r ef 'it?[gllflgpcy as

sources can generally be remote devices: The remote devices may include devices such as -

a DVD player, a computer, a television, and a telephone. Furthermore, the remote device
may include any other device suitable for use with the present invention. For instance,
any computing device may be the source of an internal signal.

20

FIG. 2 is a schematic illustration of internal wireless connectivity in accordance

with the present invention. The exciter 18 is connected to a wall 34 of the building 10.
The network processor 28 at the hub 14 transmits (Tx) information to the exciter 18 and
receives (Rx) information from the exciter 18, as shown. A probe 36 (not shown), is

25  attached to a remote, internal device. Information sent from the exciter 18 is typically at a
different frequency than information sent to the exciter 18 from the remote device.
Applications employing Time Division Multiple Access (TDMA) techniques may include
information sent from the exciter 18 at the same frequency as information sent to the
exciter 18.

30
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30 Attorney Docket: 60607.300630 12 WD 03/ 009500 PCT/ US01/22927 Evanescent
waves fromthe exciter can fill the building 10. Once this environnent has
been creawed3/oomb@ can be transmitted to internal devi cesPCrarsooeiver
internal devices in the building 10 via the hub 14. In the present

exanpl e, shown in FIG 2, a DVD player 38 in the building 10 transmts

i nformation t@vhhscélvatds from the eheitet canddictberpuilditg 10 Onse thiseggviremaenty/p

pl ayer 38 probe (not shown) transmits data, .by electrgmagnetical.ly .

coupl i ng h@@%ﬁ@f@é@d@d@?i%%ﬁéﬂ%ﬁ%@ oy igternil OB e e pHich futengl of ﬁée{snlgy fl,
and the inol exg ! SANBEGIIOBhdME HELIG. 28 VAP Blag& on an

i nt er nal %egtf%@%né 1%8%8&%1?%4\722%,[ rg dat a Fljrlém t he DVD pfayer_ g 8 fromthe
hub 14 vi3g iguRrsdREOwavesitsindatmtdobio thadub d4ciln erdet 8 ageamphishthist a
frequency f2. The wall 34 of thetngguildi:i?pgrg§ 10 rrin'bm'lzes the 10.information
exchahgedtepntheINEPI pjaer d$prabsdAPtRIowR} samvmts Saig, by slectEpragistically o g chenmt i ¢
ilTustration. of wrel - APkl i [ Rk ittt Rvax tagl BRlhubgaur ces in
accor dan&8URieHO %coﬁlrggéue%te?%%é\}lg%wg%e %rqé}ﬁntaggnaelﬁuneym%r k polls sensors

via the iggbh Ble ekBit@n@nhddbion herétof reprobe sy oh an iffemabsleeistond@vessivesom t he
exciter 18 frll the 15 buil di% 10. A sensor 36 receives this poll and
sends senbodata fioor thaf)\dA player Hgfresche b 14 via gvaneseent yauesrezied Pty

el ectromagneti.cal l.y coupl:d ng to .t b At R et he

bui | di ng © Flf?eé.lgxﬁng Sﬁ’él#%ff”&?@é&m eg‘?’ﬂ%#%gg@g@ﬂ?%%ln oér%?rgltei on to the

hub 34, %%at@excﬁ&%’@@[ﬂt&ﬁﬁl@ fbh et ling leRtinatievircess. A security layer 32
exists for ensuring the secure transm ssion and recei pt of data associ ated

with internal devices. 20 FIG 4 is a schematic illustration of external

connectivity tqQ wi.r.el ess applications. .| ’g i nt

i nvention. A cHbt &% %F%\?Pl@ﬁgﬂfugﬁa’?% Osfﬁl %e?ﬁsgﬁﬁpgl)g?@é}%gﬁd%és%ﬁ%@ 1 &?g

comuni caggtel B ddeBrdante with thERedbbinthtipas $@sntehital fétgoak polis seimereviei t er 18.
As before, evanescent waves fromthe exciter 18, at frequency f?

, for
exanpl e, the bxcitehds 26d bahi 14latfequency pPwines@st wavesdram & sictier 18l the er nal
renot e devi ge picks up t cable,. tel.evision_si ent
wavesl? Tht&’él,ﬁmg HE- ié?eélg?faf breipre dispglal gf%nﬁgf%!f%rh{aﬂgh e XA 18

at a frequency of f; by electromagnetically coupling to the conductive elements within the

building (i.e. via walls). The exciter then passes the information to the hub 14, which may
communicate with external devices. A security layer 32 exists for ensuring the secure
transmission and receipt of data associated with internal devices.

20

FIG. 4 is a schematic illustration of external connectivity to wireless applications

in accordance with the present invention. A cable television signal from an external
source 12 is communicated to the hub 14. The hub 14 passes the signal to the exciter 18.
As before, evanescent waves from the exciter 18, at frequency fs, for example, fill the

25  building 10. A probe 36 associated with an internal remote device picks up the cable
television signal from the evanescent waves. Thus, the internal cable television signal 1s

transmitted wirelessly.

FIG. 5 is a schematic illustration of the internal environment of a wireless
30  communication structure in accordance with the present invention. In the present
example, signals from a satellite TV antenna and LNB 42 are communicated to an internal
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transmtted wirelessly. FIG 5 is a schematic illustration of the internal
environnent of a wireless 30 conmunication structure in accordance with
the presewDoBUBndi on. In the present exanple, signals frem@Eosaaetlite TV
antenna and LNB 42 are conmunicated to an internal Attorney Docket:

60607. 300630 13 WO 03/ 009500 PCT/ US01/ 22927 SATCOM receiver 44 through an
ext er nal SWTCOBM respivehé4 thooughi angextnal prdl 33afdmnbuildingel O eFhet3ATERDS t he

|t filt f | at 46 at th
ol ohal bangvedsend e iadd aitie BieY aid RRe R it BB e o
waves at % a?géi gé'ss&ﬁtottﬁéléxcflﬂef hst e Bididefil §8rehfds eTdiRs@MBRASSEAAt Waves

travel through t internal 5 walls 48 of the building 10 by virtue of the
Wi ring anflequenciuls than §ll she ucklingeld). | Deatvenesceit thaives tn@ehrwagh ihe g8ernal

Conventi on hi n t hese IIs 48 do ot . cr hi ndrance to
t he tr5aveW215‘f48t<l’fjéﬂ‘°eb‘\§15é% Ry Vigyes fh‘?r%‘ﬂﬁ% D?il ﬁﬂe @P?tﬁgrther, t he
e S A RO P, Ly 1o
t r ans| at ciin®&@nceabhke wirest oRthe wramescent Wdvesyhooughottehe buitdingi@/ eFurtteer,fthequency

signal fromthe exciter 18 sent. fromthe SATCOM recei vV 44 via the _.hub
14. A r endleRegaivwavenirayal FﬂdFPl%PdSH‘i ﬁr%mﬁagmho'at HHrIYptioR PE’t%‘B mayeqpRt o esent

di agram e%@?'%ﬁ"@ ]ﬂeemﬁl'd through a probe input. As noted, external
interfer severe y attenuat ed. The internal signal is accordingly
secur@ Further, codes inplenented at the network processor protect the
security of the internal signal Simlarly, other external signal sources

may be utili zeﬁpf@tt?caﬁl afseqmosfmqnéat% S04 @]hé‘ngq Igiown as T Y upeosEerCs

si gnal s, weat i &Mgﬁq_g 20 FIG
6 is a sc %P%’X?ﬁl%% rsgt n o) ha V\nt?Ig 8e§eg{§éhrrlgglgscontro é@%ﬁrggn%}an

accor dancgeWub h4t bkereﬁfo@é&@évﬁcelmmﬁﬂthmﬂdﬁg 19ha MV asdeplcted i thapesdeel [ ite TV
antenna and LNB 42 communi cate a signal to an internal SATCOM receiver 44.
The SATCOlpgiamcedcpies the sigasls Hyopghea Bﬁoéﬁ #put. oA Ratef; extepalipigERreasRiS f r equency

tr ansi £ t Osrevgr%yaéttewaece@ Ulfhe internal signal is accordingly secure. Further, codes

implemented at the network processor protect the security of the internal signal.
Similarly, other external signal sources may be utilized, such as AM/FM radio, television,

cellular and PCS signals, GPS, commercial SATCOM, weather satellite broadcasts, etc.

20 FIG. 6 is a schematic illustration of a wireless remote control system in
accordance with the present invention. As shown in FIG. 5, a satellite TV antenna and
LNB 42 communicate a signal to an internal SATCOM receiver 44. The SATCOM
receiver 44 passes the signal to the filter tuner and frequency translator 46 at the hub 14.
The satellite TV signal is rebroadcast internally by communication, via the evanescent

25  waves at frequency fs created by the exciter 18, of the signal to the probe and frequency
translator 50. The probe and frequency translator 50 pass the signal to the TV antenna <

input in the current, as well as the previous, example.

Channel selection in the current example is accomplished via a probe and remote
30  control unit channel selector (transmitter) 52. The probe and remote control unit channel
selector (transmitter) 52 communicate at a signal at frequency f; to the exciter 18. The
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The satellite TV signal is rebroadcast internally by conmunication, via the
evanescent 25 waves at frequency f6 created by the exciter 18, of the

si gnal t owohe/omsobe and frequency translator 50. The prolreTarsdi/ga9equency
transl ator 50 pass the signal to the TV antenna input in the current, as
wel | as the previous, exanple. Channel selection in the current exanple is
acconpl i sersiter 1 &pessethp sigapldo peppirel regaver rtat he i It ¢ frokigrei¥eror

(¢ anarm ¢ toricraBies MiGuR AR TR biher 80 Rl bt ", 238 B0 o 16
The Attorsney Docket: 60607. 300630 14 WO 03/009500 PCT/ USQ01/ 22927 exciter

18 passes the signal to a control receiver 54 at the hub 14. The control
recei ver 54 exchanges information with the filter tuner and frequency

transl at or 46, . at _the h 14. 5.F| G, 7 is.a schemati.c illustration of
a local area n m}r)'lﬁ aisﬁ?%mcﬁiqsgggon 8%‘?11‘95?&36%&’?%}4’0 I GYHRIESS; accor dance

wi th the piesemkatidhVeMELROIn DBorSARIWRh IRPIESR: ihdentiBh. AnCRIREAbARe 15UCh as
cable, DSL, or Ethernet, to the Internet or a Corporate |ocal area network

(LAN), seofscennsctgmabuchasaable, 1D 8k nerl Ethetnei td thednterdet ora vdeorntedoca atehe hub
14. A networ (o] oller 58, alsa at the hub, 14, exchang dat i th the
et wor k.| REBiors oD S i etnlSroal 8w o e RCE FRER 10 Bhihe Bifilbr

recei ver GG, iRy R@nkbildri AEHsd & the ATHYA! SRhShest Qﬁ%@thfthﬁﬁb&xf&k Mibrkd to the

exciter 18. The external interface with cable, phone, Ethernet, or

Cor pot@t embddin 56r Aodiplered, ANdenntrecsmiters andior tecaivsr @t maydae dilizedter f ace
nodens to connect to the ne rk._controller 58. The diplexer, npde

transni t t EYMMARGHE Sispt ot 84> 44 it ¢! o TS Yo BN ece ve
signal s absidpidiedpfRike o ddrhiPaldICARK G ifbr LAN nhichBEs, ERAR oY
receiver 6 aP a renote ’device, such as a conputer 64, "within the

st r uct ur einldface emidems tdeorineétap i neawosdt conteijeesR: yThédipleker, motlemmat i on i s

passed to the conmputer 64, the conmpyter exchanging jnfaornmation with the
probe, roHERILH a’%g(’ftlieﬁ‘ﬁg‘i’ﬁ qotsépg Blgn*;j?l atfremiengyos £ AR TeRFIBE HERALH at

frequgycyfrg(?ue%lgy{h%lﬁn%.exg@& 1getwork processor nanages the connection of

t he conpute o éxternal sources. Additional

A probe, modem, and receiver 62 at a remote device, such as a computer 64,
within the structure 10 receive the information at frequency fs. The information is passed
to the computer 64, the computer exchanging information with the probe, modem, and

20  transmitter 62 in order to send information at frequency fs to the hub. The network
processor manages the connection of the computer to external sources. Additional
computers may be accessed in the structure by either time sharing fs and f; between such

computers or by assigning other frequencies to such computers.

25 In order for the remote elements and devices (62, 64) to exchange information
internally, the information is sent from one element and/or device (62, 64) via the hub 14
to another element and/or device (62, 64) located in the building 10. The hub 14
generates a control signal for collision avoidance purposes where multiple access
networks are involved.

30
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conputers may be accessed in the structure by either time sharing f8 and f9
bet ween such conputers or by assigning other frequencies to such

conput er swo23/00950@r der for the renote el enents and devi ce®CTABp1/82927t 0
exchange information internally, the information is sent from one el ement
and/ or device (62, 64) via the hub 14 to another el enment and/or device
(62, 64) | ocatl.i8rs & hehematit dlua’fgatm of Preeciritly system fremwirglessscammeniedtisn si gnal

f or coII|S|on avoi dance 0 tiple a cess net wor ks are
i nvol ved.SUB6UES ¢ r?&?%&g E f% e%%@%%ﬁ‘%"%ﬁc 3589k @%01/22927
FIG 8 'Scaﬁiesﬁbﬁﬁgﬁdﬂ‘e Hnla'&%h@&b%nﬁéctﬁm&@@w]nwn&ﬁ tc@@bteme AAM 16la8SS
communi cat1 on stflcture.” An external source 12 provides an out Si de

connect i dntermilg hoaatedanodeut 66 elethe hlaﬂall'ﬁa Tbsmodph(ﬁti@xbhmges ipformatien weth a
connectlon to the Interne or corporate LAN, i nter at ed
odomi66 SEHEORBIOT 5. ThemiTae R b FerES P ar P i Kb BF 5
security cant hrthé flgqubver at
t he hub 1 Qte{{slg%)lsn?{ nﬁ%té%%rg%%c%?%ﬁg egﬁgﬁg}mﬁdl@m&hﬁﬁg& i ng)g&% bui I di ng 10

t hr ough tdaeurty ebhiesllet Bequete infs@eatioh tfyonc sems o lat ﬁrequeﬁcbuﬁas t'Bhel sehersredplyon from

sensors at frequency flo. The sensors reply  at uency f11.. The
security WH‘E‘QWY&IO\T@H@%C%@CWPPJ{V RrAYIdehAC N 1#8”%32108}?@?%1{“%%3{3&%1 via a

modem or i, Abdefi & 03k iRt £nBRbATor D Alrchtaygncy 12, 10 Sensor and
vi deo canera data ar rvered via evanescent waved at frequency f12
creati@d by the exciter 18 and are received by a probe, nodem and receiver

62 connected to a renpte video nonitor and control 70. The renobte video
moni tor 70 confRnsprandeddes canperadiie Ateydeliverediviarpvarassent Maven s freguengydix he

e ement s SrafbT bl ittt 1338y Aflo80cd D phde OB UM ERf 82 Bbindpancct od

Cr
to renote aaé eo Ca security sensor 76 in

the presegta @ih@lz@{aaeo mohit&capdohizal T01 gl kkatemots vided inesieorr /@nmnemurdestescas 74,
76 to the security controller 68 in the building 10. The renpte video

moni t or  femeeynfy with byiditherhep 14, 20d éh%@em@nt&%r%ﬂ% 60p6%.rad 0kp e,

15  other modules 72 are connected to remote devices, such as a video camera 74 and a

security sensor 76 in the present example, for communicating data from these remote
devices 74, 76 to the security controller 68 in the building 10. The remote video monitor

and control system 62, 70 also relays data to the hub 14.

20 FIG. 9 is a flowchart illustrating a process for utilizing and hub and probe system
in a wireless communications structure in accordance with the present invention. In
operation 78, a first signal is communicated from the hub. This signal may be
communicated to a remote device, connected to the probe, located in the structure. The
signal may originate from a source external to the structure, such as a satellite television,

25  cable television, an Internet provider, or a phone provider. The signal may originate from
a second remote device (i.e. an internal signal) in the structure, such as a DVD player, or
a computer that is connected to the hub. The signal is communicated (to the remote
device) via evanescent waves created by an exciter. A probe is allowed to receive the
signal in operation 80. In operation 82, a second signal is received at the hub from the

30 probe via the exciter. The first signal or the second signal may be at a radio frequency
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20 FIG 9 is a flowhart illustrating a process for utilizing and hub and
probe system in a wireless comunications structure in accordance with the
present iwWo@adwm |In operation 78, a first signal is comemiisoatm®d’ from
the hub. This signal nmay be comunicated to a renote device, connected to
the probe, located in the structure. The signal may originate froma
source exbevegh 0t5olQ0hMFs (Khetaxeiser receives she secend wgnal frem the gxabsivitn, 25 cabl e

tel evi si on ntern phone provi der. The signal my
originate ??%le%elg@% 3&’%}{?0%2{1%%{}1%%6 .e. an internal signal) in the
structure, such as a DVD player, or a corrput er that is connected to the
hub. The signal is conmmunicated (to the renbte device) via evanescent
waves creat ed Hjaeﬁmtebgcaluecommupmibéﬁiom the lhobvend the sc@mélswaltlheecesneghal in
operat erati a sec i ei.ved at , the hub from
Che. 50° pr Uisciu SrERELEs of erse S Send] Sbe pReiRESUEEGRE AP Shisiday  be
at a radl @oﬁr‘é@ﬁféﬁﬂ@é’ a sﬁ&@ﬂhﬁ@&’oﬁﬁﬂi@é‘tes 1R APRER butfd e B AR Aile
PCT/ US01/ 22927 between 0.5-1 . The exciter receives the second signal
from t he pnaliernsl seurceamdiutes a\seule:bﬁlwnbmmummb ifordatibh drost insidé thee. The

first signal is co ni cated fro b. and the second si gnal recei ved
by °5 ¢ he SR HERGS ArERoGrIerise. REMSte GicGo BN ALt RUIDE BYDor nal o1

| nternal . pfigeeXc6iBiling SOMCEC! Bl SodtcROUNiiBrhitfn SAMTMNAARER
|nforrrat|8 IS;?rom ogtsnllde tﬁe sctructureo \Aiso(?frel an | nterna rgyallrce i’ncl udes
a soutCe firadxamplyrabVdapkser aftompetingdeviceparddnsiette t he structure, such as a
renote device. Renote devices may include, for exanple, a DVD player, a
conputing device, etc. External sources of information may simlarly

i nclude, 10 f qﬁgg,l » cofnr MR apd i i hQ, etc.
Si gnal s may be%Ii n?gfrum cl%tcgcm!;%1 vaard;af?f‘r?(%1 f]%e%&gﬁg%%%%%@ééngﬂg Séttg%lg%dt;hﬁr ough
the hub hob arcder ﬁo(behe-cbmnnmmatudumamﬂy bnexemally. yTigr hixhgrinelulya The hub

may include a diplexer, a power anplifier, a receiver, a frequency
conver t er 4PA%eHAIAWER Wbﬁ@nﬁt fecefver, g ﬁfsu@w&PnYeyt%mpéqm,@rtrar@ml%rn@t wor k

B CET5e! gL DB of OLASEbARLUE SAORSD BhETRAGE el (L Bk e
tuner or asuiBBR fornsewRk drpreent ihentidnp IFox exanifly, thd hﬂ)/\tnﬁylinbludbl Rifiésr

transm ssion or half ) o
tuner or a BOB, more examples. The diplexer may allow full duplex transmission or half

duplex transmission of data. Half duplex transmission of data may be accomplished by a
transmit/receive switch.
20
A modem at the hub may be connected to an external cable, DSL, a phone line, an
Ethernet connection to the Internet, or an Ethernet connection to a local area network.
This allows for communication with external sources. Further, external sources may
communicate with the hub via wireless transmission.
25
The first signal may be transmitted from a remote device through the exciter to the
hub. In this scenario, the second signal may be sent by the hub via the exciter to another

remote device in the structure.

30 In an alternate embodiment, a hub may be connected to another hub in the

structure. Further, more than one exciter may be present in the structure. The exciters
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dupl ex transm ssion of data. Half duplex transm ssion of data may be
acconplished by a transmt/receive switch. 20 A nodem at the hub may be
connect edwbD@3amsext er nal cabl e, DSL, a phone |ine, an EtReTnsvl/z9nnect i on
to the Internet, or an Ethernet connection to a |ocal area network. This
al lows for conmunication with external sources. Further, external sources
may conmmmay statrea Wit br hdve sépatate habyithesteparstethubm gble $& PomMuURBAtT Hathfgnes t
signal may be transmtied from.a renote. deyice. throu the exciter to the
b1 ' e hothcs dunugh e cobeton” B gHBion i kS BaTHoS kel Ei et e
exciter tgQ &r&gﬁ[}@@r' renote device in the structure. 30 In an alternate
enbodi nent, a hub may be connected to another hub in the structure.
Further, nore than one exciter nay be.present in the structure. The
exciters Attorney, Docket: 60607.300630 17 WD 03/ 009500 .g‘FFI.USOU 2927 may
shar e a hub orlqﬁiéél%éﬁéhf‘a‘%b@"ﬁﬁ’ﬁg?oq &Xauples, FAHORT PReBPULERHIOB{ AMini cat e ‘
with one r r | t | P may

ot be i HEReS oEsRHE oty HebRf maRAIARAL Githor BB Bk i} PRCAKEE
ment i onedAeociipklSthe WBoveodisclasutees novwhi el catidered aatichitinglandrid ipprsded§ t he
system and nethod may be nmade wi t hout departing. fromthe invention.

Accor di ng¢lgimstane toshsigterpieted (25 sngosnnagsing ihe eptingspirg pad seape P Ake PYSHiPPng and
the appended <clains are to be interpreted as enconpassing the entire
spirit and scope of the invention. Attorney Docket: 60607.300630 18 WO
03/ 009500 PCT/ US01/ 22927 | NDUSTRI AL APPLI CABI LI TY I n operation, an
external signal is comrunicated to a structure adapted to allow for

wi rel ess comruni cation therein. The external signal reaches a hub | ocated
in the 5 structure. The hub processes the signal and sends it to an
exciter. The exciter sends the
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signal out, at a frequency provided by the hub, via evanescent waves
created by the exciter. The signal travels along the evanescent waves to
probes deweashaisgo connected to 10 renote devices, the pr@oFdsher29y’ adapt ed
to receive the signal. The probes relay the received signal to
applications electronics (i.e. renote devicesﬁ. The applications

el ectroni cs process the i nfEOYINESTBAARWPHRICABEGYEY an out put signal . The
probe electromagnetically couples this output signal to the conductive

el ements of the structure that passes the output signal back to the

exciter. The %Cd'sﬁeﬁiﬁoﬁ,aéﬁé&e&migw}ielébmﬁiua&auﬂedft@ a5BubiiR dHdpred THldGWD may

pass the output signal to another renote device located in the structure
and/ or t Her wiirtefess canmnaitativenthéreinp ddweniteonnd sigod refchehahutt logaediingthe o ext er nal

devi ces. Accordingly, the hub_.allo for the exchange .of information within

the. wior ol ESEIE oML BOCEES (6 sigBtld Serdsdt oy Theaii (15 eHIRAPs 4%  ne.

exchange sﬁgnan Bﬁ?%ﬂ?ﬁkﬂ%n{:j gfavid\émog e fufbevidl veleBScht GRAYRRESEA bpfe Structure
na | te ver

to exter devrces a sa. 20 For the above, and other, reasons,
it is expseited that the hub and probe system of the present invention wll
have wi despread industrial applicability. Therefore, it is expected that
the commercial utility of the present invention will be extensive and | ong

lasting. ALLOrpg Siépﬁrfe ﬁ%esls Qgﬁgzhe%g%géégeé%gva%g t‘égfrgﬂ)e%%g&cﬁ)ﬁ Lo bR B2 7

CLAI M5 What is cla I 0 systemina wreless
conMmui C ateiins dStidadCthel beobes beipg addpngt to 18ceive) tha signid. fThe pecirerwelaycdei ng at
| east one first signal, wherein the signal is, 3 conmuni Cﬁt ed via

£ 1

evanescerfecoiaebugral nmrpicipng sleetrenipii.c. wmoly deyigsebpkherapplieatioss vi ng t he
ool SRS LR S et il acgl sheptecl s |
t he probesledthnagnetically couples this output signal to the conductive elements of the structure
that passes the output signal back to the exciter. The exciter passes the output signal to
15  the hub. The hub may pass the output signal to another remote device located in the
structure and/or the output signal may be passed outside of the structure to external
devices. Accordingly, the hub allows for the exchange of information within the wireless
communications structure (i.e. internally) as well as the exchange of information from
within the wireless communications structure to external devices and vice versa.
20
For the above, and other, reasons, it is expected that the hub and probe system 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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7 conductive el enents communi cating the second signal to the exciter; and

8 (d) wherein the second signal is passed back to the hub via the exciter.
1 2. The wpIBemses recited in claiml1, wherein at |east omeTafSot/bm2fi r st
signal and the 2 second signal is communicated to the hub fromat |east one
of an external source 3 and an internal source. 1 3. The systemas recited
in clai m@LAMWESein at | east one of the first signal and the 2 second
signal includes information fromat |east one of a satellite television, a
3 cable television, an Internet provider, a conputing device, a phone
provider, V@mtﬁ(QMQe@hayer a television, and a tel ephone. 1 4. The system
as recited in claim2, wherein the external source includes information 2
comuni cated from outside the structure. 1 5. The systemas recited in

clai mR, Wher eAnhubrendiprotesr syaﬂensmur\meeleswbmdemlqamr@rmtlm@ compwmnl cat ed
frominpside the.stru 1 .The s recited.in. wherein
the hub 1 ncl udtR”at MRS SoRRIHCL R SR e st S Eina e iR FRbLis o
transmtter, a reCebMﬁhmn@mEH%ﬁH&ﬂﬁ%m&ﬂQMﬁé&&kawéb 3nReem a secur|ty
controller, and a network processor. 1 7. The systen1as recited in claim®6,
whereis the d|ﬁﬂexem1m¢6m&mr@nﬂﬂngah¢mgmﬂ of full 2 duplex transm ssion and

hal f dupl ex transm ss .of data. or.ne 607. 300630, 20 WD
03/ 009500 PCT/ (Bo1/ Souptive demapts HQ}@F é@lPo%ééﬁ‘f wire loeﬁﬁ QEPPRIALO R o of n
hal f dypl ex transm g8, re'f%r?&&Qﬁﬁla'ti%l\%ﬁdone?se&}ﬁd%én"aﬁf?éﬂtﬁé P6EItHe Switch. 1

9. The systemas recited in claiml erein the probe is ctonnected to a
renot €7 2 device t hatconductn/ezelemem oommiuhcatingwhe yekend isignalt tolthastcitenandf t he

first S|gnal and the cond Si temas recited in claim
1, whetein at E‘ﬁast W;Wéeub'f eSgePnd;s g@ﬁ‘épéﬁéﬂ?b%‘%&oﬁﬁ%ﬁ t?"l%g%‘ﬁ‘d &G gnal are at
a radio frequency between 0.5-100 MHz. 1 11. The systemas recited in claim
1, wheyeif therhi ke h@RRlte@NbIdiRe, $REARE aSIb&P Bhe 8f fe first signal and the

2 second signal is communicated to the hub from at least one of an external source
3 and an internal source.

1 3. The system as recited in claim 2, wherein at least one of the first signal and the

2 second signal includes information from at least one of a satellite television, a

3 cable television, an Internet provider, a computing device, a phone provider, a

4 DVD player, a television, and a telephone.

1 4 The system as recited in claim 2, wherein the external source includes information
2 communicated from outside the structure.

1 5. The system as recited in claim 2, wherein the internal source includes information
2 communicated from inside the structure.

1 6. The system as recited in claim 1, wherein the hub includes at least one of a

2 diplexer, a power amplifier, a transmitter, a receiver, a frequency converter, a

3 modem, a security controller, and a network processor.

1 7 The system as recited in claim 6, wherein the diplexer allows at least one of full

2 duplex transmission and half duplex transmission of data.
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2 at different radio frequencies. 1 12. A nethod for utilizing a hub and
probe systemin a wirel ess comruni cations 2 structure, conprising the

st eps of WwoO(tapogseomruni cati ng at | east one first signal, wrerdisa1/249e7 si gnal
is conmmuni cated 4 via evanescent waves created by an exciter; 5 (b)
allowing a probe to receive the signal; and 6 (c) receiving at |east one
second signal fromthe probe via the exciter, the 7 exciter receiving the
second signal fromthe probe via conductive elenents 8 in walls of the
structire8. 1 1JheFpstemes Inm'iedim aemi %, echerein hhlfi dmplé&2transhigsiminns advenplisiedast

one of _the firgt si gnal and Qe second signal is communicated from at

| east dne of a Y@)@’Eaé‘ﬁlﬁﬁfre%eb‘{?rsé”étc nd an 3 internal source. 1 14. The nethod
as recited in claim 13, wherein at |least on of the first signal and the 2
second; si gnal gl f o gmgc

te|6VISIOg g@gggﬁgﬁfgﬁ%@%gpgﬁﬂﬂ%h |nﬁg§ﬂ%ﬁﬁ§§%§? er “?tégkgﬁ%?ng devi ce,
a phong provi ddeyicathat ufildss pifayetion inctuelled yn st loast omndf the fiedt eighalmad the 15. The
method_as recited in claim13, wherein the external source includes 2

i nformation coRfAMASHBY from outside the structure. Attorney Docket:

60607. 300630 21 WD 03/ 009500 PCT/ USOL/ 22927 1 16. The method as recited in
claim {3, er in I krated from
et der thalst r acr r e P SRR Am £ Raa of ROOIELE AR ik TS D ot

| east Dne of asehomﬂema],araapmmlrofr&quanq:ybe‘tweeno.a-méméﬂzer a frequency
converter, a nodem a transmtter, a security 3 controller, and a network

processor iL.hcl uded for nlcatln irst 4 sjgnal. 18.. The
et hodl as | Feci (188 THOERA TG e b piheraie tin Bpesen ad Gnsccapd Fedlaone of
full 2 dupl eX of BARRINL SREPReqRHifal f dupl ex transmi ssion of data.

1 12. A method for utilizing a hub and probe system in a wireless communications

2 structure, comprising the steps of:

3 (a) communicating at least one first signal, wherein the signal is communicated
4 via evanescent waves created by an exciter;

5 (b) allowing a probe to receive the signal; and

6 () receiving at least one second signal from the probe via the exciter, the

7 exciter receiving the second signal from the probe via conductive elements
8 in walls of the structure.

1 13 The method as recited in claim 12, wherein the at least one of the first signal and
2 the second signal is communicated from at least one of an external source and an
3 internal source. )

1 14 The method as recited in claim 13, wherein at least on of the first signal and the

2 second signal includes information from at least one of a satellite television, a

3 cable television, an Internet provider, a computing device, a phone provider, a

4 DVD player, a television, and a telephone.

1 15 The method as recited in claim 13, wherein the external source includes

2 information communicated from outside the structure.
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1 19. The nmethod as recited in claim 18, wherein half duplex transm ssion
Is 2 acconplished by a transmtter switch. 1 20. The nethod as recited in
cl ai m 12, watvanedsno t he probe is connected to a renote 2 decirasot/kmr7
utilizes information included in at |east on of the first signal and the 3
second signal. 1 21. The nethod as recited in claim112, wherein at |east
one of the first signal and the 2 second signal are at a radi o frequency
bet ween 0.5-100 MHz. 1 22. The nethod as recited in claim 12, wherein the
first 3&igial aftienethskasordtesliigohim 12 wehareiatintelinhf suerstinchadés imfdbmeatioanci es.

A ket : 7. 2
ttor n%y Doc egomgl%giocate%lofgo%%?ns%e the structure.

1 17.  The method as recited in claim 12, wherein at least one of a diplexer, a power

2 amplifier, a receiver, a frequency converter, a modem, a transmitter, a security

3 controller, and a network processor are included for communicating the first

4 signal.

1 18.  The method as recited in claim 17, wherein the diplexer allows at least one of full
2 duplex transmission and half duplex transmission of data.

1 19.  The method as recited in claim 18, wherein half duplex transmission is

2 accomplished by a transmitter switch.

1 20.  The method as recited in claim 12, wherein the probe is connected to a remote

2 device that utilizes information included in at least on of the first signal and the

3 second signal.

1 21.  The method as recited in claim 12, wherein at least one of the first signal and the
2 second signal are at a radio frequency between 0.5-100 MHz.

1 22.  The method as recited in claim 12, wherein the first signal and the second signal

2 are at different radio frequencies.
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