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FIELD OF THE INVENTION
The present invention relates generally to a system, method and apparatus for

increasing the bandwidth of guided line networks using particular types of pulse

20  transmissions. In particular, the present invention relates to the use of pulses to transmit
data over guided lines, such as, but not limited to, coaxial cable, telephone twisted pair,
Category 5 cable, power lines, other conductive medinms, such as but not limited to,
metallic car and truck bodies, ship and submarine hulls, decks and bulkheads, aircraft
fuselages, structural steel, missile bodies, tank bodies, water pipes, etc., and non-metallic

25  mediums, such as but not limited to, the human body, etc., non-guided narrow band
wireless carrier signals, or any combinations of the above, including hybrid networks
which use the present invention in conjunction with fiber optic and/or non-guided wireless

networks.



net wor ks. WO 2003/ 094461 PCT/ US2003/ 013818 PROBLEMS I N THE ART There are
several trends in society that are creating an unprecedented need for
bandw dwo byoseeqastimer s and busi nesses. Sone of these regyhisdosemsise advent
of the "digital age." Today, digitally encoded nusic can be played on MP3
and Conpact Disc 5 (CD) players designed for portable use, in autonobiles,
and hones. Digitally encoded voice is comonplace technol ogy for cell
phonesPROBLEMISCIN fIeTEBRAf W rel ess tel ephones. Digitally encoded vi deo can
be watched fromDigital Versatile Di sk players (DVD), Direct Broadcast

Satellite (PR3 i P % iV Lqital
cancorders andaﬁ%ﬁérég#%rﬁs tul?%%g)#gjfhg{/ylhg?geﬁsﬁﬁ%% r.%c%dﬁn?géﬁb?c?%og, machi nes
usi ng diqit encoded 10 data, sych as the Personal Computer, and game
ot ot oifeduidlh bY sERRE S an Ehseries s ko st drat AR oF6be Ui ot ous.
The rise of the Internet and networks has provided ubiquitous connectivity
for bllgindege? Taddy.chgitalyensodedinkesic Gutbegiayed@nddP3 and Comipagisy t he | ack
of true broadband availability. In Decenber 1995, there were 16 mllion

| ntser NeD)goaReCAdsnsd W dotbldeise, BY adtdnduDess in®hoR 80 Iighihly efteler had grown

to 513 m'llion. Al'so, the demand for broadband connecti vi ty continues to

R e L

ensive appl I ons.

Initially, .Interpet content was | argely.text-based and provided limted
anount bbﬁvlfaélgﬁvﬂf@g."@w\ﬁ@véﬁ waghed frapePhase! Hssage dhek Plavgs UVHe: Risped
bandwi dth 20 intensive content filled with pictures, graphics, and video
cl i ps.BroadapicS4dteltiter @BI)HReceiverseBersonabVidee &l deatsless (Tavididiftital eanhdordarabl e

hi gher quality Internet content such as full notion video, entertainment

qual i tand\Hige DefinftiodaEladsivhASD BV [RWuddiionEedhiAl iy difiRi§ ensodedr rently a
glut of high-speed fiber optic backbone capacity, wth an overall

Utliol i Zc@lH, QfkH Altfie 9@1’8819;’5!1 }(Iloﬁ%luie% &%gaﬁ@%ta@l%ﬁg%ﬁclp%t, %0‘&’, P&sttM(% 2 iaﬁd comonl y

Nintendo 64 are now ubiquitous.

The rise of the Internet and networks has provided ubiquitous connectivity for
businesses and consumers alike, but are being constrained by the lack of true broadband
availability. In December 1995, there were 16 million Infernet connections worldwide. By

15 August of 2001, that number had grown to 513 million.

Also, the demand for broadband connectivity continues to grow. This is a resuit of
the increased number of users accessing remote sources of digitally encoded data and data
intensive applications. Initially, Internet content was largely text-based and provided
limited amount of services. However, the Internet has grown to provide more bandwidih

20  intensive content filled with pictures, graphics, and video clips. In the future, the increase
of available bandwidth will enable higher quality Internet content such as full motion
video, entertainment quality video, streaming video and audio.

Even though there is currently a glut of high-speed fiber optic backbone capacity,

with an overall utilization rate of only 3% to 5%, the access network, or what is commonly
2
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2 WD 20031094461 PCT/ US2003/013818 referred to as the "last mle", sinply
cannot keep pace with the need and desire for higher speed access to

| ar ger WMBAMBYIPH1di gital information. There are nmany P@HUS2H8/A1381%8Nd

or gani zati ons who view the need to provide broadband connectivity as a
matter of national inportance. The Technol ogy Network 5 (TechNet), an
organi zation of CEGs fromthe nation's |eading technol ogy conpanies, has
cal | edrebeiradie ap dgelast mled.simplyvannod kerpapsce wvigdhe nesd apdalesiefabhigbeper second
to 100 mllion homes and small|l businesses by 2010. TechNet states, "If

nmost Aspeed aaess thadaghi ahowdpeettigitdl irfomedtioaccess, whether by wire |ine,
wireless, satellite or cable, consuners could benefit fromaccess to

mul ti medi a, Tht eeafibdMBdHARANGE o Og%ﬂfﬁﬁ{iﬁ%WﬂJ‘ﬁE%ﬁ@ﬂeeﬁ% BEAN ting, higher

10 productivity, easier interacti governnent, 1np health care
servic

, - 1 d tertair f. | th t jorit f
So- cal PRACRE RisaREED Coneaie SAGIOTE riporERis d AR TREP per af e at

| ess than 2 nmegabytes per second. The Internet currently is built wth many
corfpondrsebNeth saisreanizatipr 60 CEOs dronblisdptien heading &ofmelpghcerapaniasy Bifsni ssi on
rates. However, the major inpedinent to the 15 delivery of high-bandw dth
| nt er nediled ontlenfedaabg@eemnmee s adopt dhgod pADSIMEgabde peosesbnditont® rhillben t he
maj or Internet pipes to the custoner's home or business, also known as the

"l ast hcsqlésea;as B BsinbRES By 860, REANOASIS, HEGRRPAAGBEnsURAGiftPdpecd ast ni | e”
access: fiber, telephone ‘twsted pair, cable, and wireless. To put these

bandw IEAMEhFS BT oK “dreriln BBt SSFB-Labsr oS B ogi oo
(Layer frgmta?:gegg 1:00I I(I)lgiﬁenfed?e{, ?ntgrggwe cilisgalgc}e%zin?i%)g,‘ ingre\a/s\gd%glggc{rgrgééggl, higher
10 productivity, easier interaction with government, improved health care services, and on-
demand entertainment. Currently, the vast majority of so-called “broadband” connections
(i.e. Cable Modem and DSL) operate at less than 2 mega‘bytes per second.
The Internet currently is built with many components capable of providing
bandwidth at very high data transmission rates. However, the major impediment to the
15 delivery of high-bandwidth Internet content and services is the transmission constraints
from the major Internet pipes to the customer’s home or business, also known as the “last
mile.”
Today, there are four basic technologies used for “last mile” access: fiber, telephone
twisted pair, cable, and wireless. To put these technologies in perspective, the following

20 chart compares the maximum bandwidth available with a number of common Layer 1 and

2 technologies (Layer 2 technologies are shown in ifalics).
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10 productivity, easier interaction with government, improved health care services, and on-

demand entertainment. Currently, the vast majority of so-called “broadband” connections
(i.e. Cable Modem and DSL) operate at less than 2 megabytes per second.
The Internet currently is built with many components capable of providing
bandwidth at very high data transmission rates. However, the major impediment to the
15  delivery of high-bandwidth Internet content and services is the transmission constraints
from the major Internet pipes to the customer’s home or business, also known as the “last
mile.”
Today, there are four basic technologies used for “last mile” access: fiber, telephone
twisted pair, cable, and wireless. To put these technologies in perspective, the following
20  chart compares the maximum bandwidth available with a number of commen Layer 1 and

2 technologies (Layer 2 technologies are shown in ialics).



Even though fiber to the building is not a cost-effective near-term
solutio r.ovi di ng broadband connectivity to the business or
consune?%@g@?ﬂgég'last mle" 5 technol ogi es includi ng ¥FEPWEF013BEW ephone
tw sted pair, and cable are evolving as stop-gap neasures to overcone this
need. Wrel ess Broadband Sol utions - There are a nunber of technol ogies

that f t w rel ess broadband.headi ng. .These incl ude technol ogi es
such a@nﬁ%g%ﬂ%%sﬁ ?tq\ﬂfﬂ% %‘b’ﬂ’?ﬂﬂ"*dflsfaﬁr i B e &y gelsalrssothehigh- channel
Mul ti poi nt Di.st,rLbuti on Service), 10 point-to-point radio and

mul ti FOPHRERING fibergp thebrillingri cr owave, |aser, and satellite systens.

M crowave is a fixed wrel ess broadband technology. Wth capacity of up to

155 Mops divgndheughdieoto Be 60ilding ot Hicosiufvevd Seay. 8t RifiRatHye for
transm ssion to renote |ocations. Many private conpanies, universities and

al ter Q@@ﬁdﬁ@b&éa@b&ﬂ‘@dﬁe&iﬁ@ﬂyqy At bhemitahQ | %%’%@?eqi‘ﬁaﬂ rﬁﬁe,ser vi ces where

it is not economcally feasible to i1nstall I'ze transm ssion

SekVi [ ent. providers. M crowave services face a nunber of

chal | gﬁ%‘é@?’g@? ?@?ﬁﬂ% g’?%%é% i“’l?@aﬂ? pasteripai, gy cagleqwe cyalWag AR FEPBRD
transmtter and receiver, which often neans obtaining planning perm ssion
for tMAEHPE veTcomiectBisdieyd. service providers are restricted to bands of 20
frequencies |licensed/allocated by the government, and acquiring spectrumis

an expensi WéirelpssdprogitiandSolffionat There wiad Mehbdr @l &lcBfolbitefhher8NGEaer
particularly in the formof rain, can inpact service. Error-corrective

t echniigueiseleRbrORINISE HeddthC TARLASALE: £0n @q’es"%@ﬁ Q?LM{LOC hi's involves
i ncreasi ng power and/or decreasing cell siZe. crowave tends to be a

e SRR R S b ey S bl Ee R aR aoef Dot iicervieeia
i crowave W rel ess technal og t hat can deliver up to 100 Mops per customer
sife. Pel*ﬂf”?'l?%lmaraé’@i apd ey tpeint/ mpki-hep xarin, migrowewn laser, and satellite

Systems.

Microwave is a fixed wireless broadband technology. With capacity of up to 155
Mbps and a range of 3-60 miles, microwave is very effective for transmission to remote
locations. Many private companies, univetsities and alternate carriers have deployed

I35 microwave transmission services where it is not economically feasible to install fiber or
utilize transmission services from incumbent providers.

Microwave services face a number of challenges. First, microwave requires line of
sight placement of transmitter and receiver, which often means obtaining planning
permission for transmitters. Secondly, service providers are restricted to bands of

20 frequencies licensed/allocated by the government, and acquiring spectrum is an expensive
proposition. Finaily, weather-related interference, particularly in the form of rain, can
impact service. Error-corrective techniques can be used to compensate for bad weather, but
this involves increasing power and/or decreasing cell size. Microwave tends to be a

solution for business, rather than the consumer.

5



service, which utilizes mcrowave radio technology in the 25 GHz and hi gher
frequency bands. However, it is constrained, in that it requires

| i ne- of vgohesheiseen the central hub 5 LMDS nodc and t peraistmeisis

buil ding, with a maxi mum di stance of up to 5 km One of the key advant ages
of LMDS (and other wireless technologies) is its rapid depl oynent
capabilities. However, LNM5S is a line-of-sight technology, and is

suscept i bl e LagakMukifoiddistibrigdreSestora L. MDS) 5t @microfvbenwitaless chrol@iycone
interference caused by nmulti-path signal propagation. Technol ogy from

G sco $fystcanmdclong uptdeos MU@@P@N@fston’iéi SAY EMEPRIaDint%0-nhl}8point di_s’tributi%n
e e

mul ti-path-interference problem caused by foliage and i ncreasing t

bandwi : DOSst Bl et h. -line-of ~sight .recej.vens, Csco' s technol ogy,
cal | edg%}lee’éc%%br t%é%%%&%dgﬁﬁglﬁgéc%oglﬁg il%ﬁle%jl @lilf) F%@]ﬁ%g‘?r %ﬁﬂuﬁnqyncr eases
overall b ngigi dth by a mere 20 percent. Satellite transn-iissions utilize
radi o ﬂﬂﬁ%& ey sl 1418 penstpinge, ip fhat i red s Jmerofsge betagan therrenisalibe i n
either a one- or two-way node. Satellites can be used to deliver digital

- 155 seb\iBEsiotlo agd Ugreagthinetk byilding twitlh a tredjmure miteck of ap toh &t Hade ¢fi xed
wire lines can't reach. Its ideally suited to difficult terrain, such as

t he outikaleds. adSefhtdbRT IIMDE USR] dtHédwiBslERtitechRERBHE PR S IﬁﬁidV&%Pioyﬁfént o
poi nt-to-point delivery. One of the key issues for satellite transni ssion

is the ti A . n 2 il b] onds
(o) PRPRRRE, SR, TXADS L £ in Btk Rl el R siieditle ol BEE°" L
as voice, angd. other _delay sensitive applications, which may require

spoof i ng to%re'@aﬁ gAY EERS Fifeh BRYCAASNFEOMEANtCIAReRtReagpTTPY. pitiapatl s
technol ogy recently given approval by the FCCis Utra Wdeband (U\B).
Thi s i sigaal propagasien.rBathoolegys frem Giséachiystenseandditiyirs dovweven thulvatedhipgl ses  of
energy instead of nodul ated oscillating waves. UWB has nany potenti al

adyant agesultBpRiRededk0044681e k&R Rde3tbiBnt Badinidihe Gandwider cost, | ow
power, ultra secure transm ssions, and broadband speeds.
possible with nop-line-of-sight receivers. Cisco's technology, called Vector Orthogonal
Frequency Division Multiplexing, only increases overall bandwidth by a mere 20 percent.
Satellite transmissions utilize radio frequencies, usually in the microwave range,
and can operate in either a one- or two-way mode. Satellites can be used to deliver digital
15  services to geographically distributed, remote locations that fixed wire lines can't reach. It's
ideally suited to difficult terrain, such as the outback. Services include multipoint
broadcasts as well as point-to-point delivery.
One of the key issues for satellite transmission is the propagation delay, which can
range from 250 to 500 milliseconds (ms). This delay can cause problems with real-time
20  applications, such as voice, and other delay sensitive applications, which may require
spoofing to avoid unnecessary retransmission.
An emerging wireless technology recently given approval by the FCC is Ulira

Wideband (UWRB). This is an impulse radio system which uses digitally modulated pulses

of energy instead of modulated oscillating waves. UUWB has many potential advantages,
6
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However, the FCC has regulated UWB's effective operating range by limting
the overall ff))ower with which it can operate in air. Two conpani es

Ai r Fi berV QAP heam are using unlicensed spect rum i n*¢ HESHUHPIEE,

frequency range, known as free-space optics, or fiberless optics as a
method to solve the "last mle" problem They are using |asers designed to

be eff j&i}@?\%@dﬁ&f%&hé&@hf L, Wk Qecu?ﬁﬁmqg?slgﬁqng,' %@ b?t?ad%agc\?\%iegﬁgabi ts per

second. ehs are susce 04g, requires

sophi siicated ayto gain fea d.cl oser, spaci of . the nodes, in the
net wor fiPWAYf‘sro’f,he yee ﬁaésrsgt%@ﬁgfﬁ @ﬁ’gﬁiﬁm?ﬁ;ctﬁmmwlw& Ydimitied el
bui Il dings that sway, 10 this necessitates a sophisticated targeting

mechanpewertvatlkebishtih@neptiateah afri nk operational. These systens are being
limted in practice to distances of 700-1000 feet, which nmakes the cost of

t he networ KT¥8fcyn g8)¢litEber hal TeRABAEN I BidnekbiseBeprehangd ol utions -
Wth over 700 miIlion tel ephone tw sted pair phone |Iines worldw de, copper

is ubi.aui 1 Lol L] L.on: rk

oS st el hRHRaR%BRe KB bEREESARE Bpfes O Mbrderybylos B0 AR 00BREVT ) e
the copper loop,plapt, with Integrated Services Digital twork (1 SDN),

Di gi t al 13?%65@@% E@sﬂaﬂ} nﬁ?lﬂﬁ.‘)‘ﬁmg%%§ Signsede E‘F E%c%&t B%‘tll\ﬁﬂy%%t’(‘fvg%) , and
(Very-high-data-rate Digital Subscriber Line) VDSL as exanples of attenpts
t o harspesds asdpgleas 1.000 hiegabits pesgcorgle il weveddhése sysiemparelsowepeble ter oss tal k
interference is the major problemfor service providers using telephone

twi st eghaparhichfrequill sbpisaredd biRRa £5uaR; anfhilekdsRuingtdiehaaidep ikiheadj acent
copper l'ines are typically bundled into a cable binder in groups of 25 or

50. Mﬁhétw]}l@ ASONRSEE Qig%es%% @%}ﬁ&wﬁ&gg{g@g H;ﬁagﬂglnmng%mrskﬁ ce a

m ngling of ‘transm Ssi o output sighal. The
PO U BTGRP AR CHET CRRUIE ORI 1p PR A0 Ok BRPRU st r i i s
related to high frequency signal i
These systems are being limited in practice to distances of 700-1000 feet, which makes the
cost of the network very expensive.
Telephone Twisted Pair Broadband Solutions - With over 700 million telephone
twisted pair phone lines worldwide, copper is a ubiquitous asset that represents a
15  multibillion-dollar network infrastructure. Carriers have consistently searched for ways to
revitalize the copper loop plant, with Integrated Services Digital Network (ISDN), Digital
Subscriber Line (DSL), Inverse Multiplexing over ATM (IMA), and (Very-high-data-rate
Digital Subscriber Line) VDSL as examples of attempts to harness copper for high-speed
service delivery. |
20 However, cross talk interference is the major problem for service providers using
telephone twisted pair for high-speed transmission. Throughout the network, adjacent
copper lines are typically bundled into a cable binder in groups of 25 or 50. Multiple

connections that share a common frequency experience a mingling of transmission signals,

which distort the output signal. The cross talk phenomenon causes bit error rates (BER).
7



attenuati on and capacitance, which has historically limted the potenti al
of twisted pair copper for delivering ultra high-speed services. Digital

Subscr i beo 2b03me4d6€chnol ogy is rapidly evolving to try agdnovernaissst hese 5
limtations. Symmetricom.is one conpany trying to enabl e broadband with
their Gowde product. This is a new generation Integrated Access Device
(I'AD) that conbines one to eight individual copper phone lines to create a
si ngl e Adso,delephonetwistaltmairs htesdisipndsocohbtrdibp selaefl tdkigh Faiaendyangiei dt h.

GoW de 9.2 Mops conbines symetric DSL transport, known as G shdsl, wth

| nver setthbibaioR heX LA RMRE, WM ' | 5 dth of TO
9.2 Mops vi a1 al C%gge-T Et her%%ét\m;ll&% ?lgﬂ%ﬂgl\rfﬁﬂ%%gﬁgg? I's the net\?v

' ) . he | TU i nt tional standards body).
& ehasropR e M REEE - Bhed BTt (T ana & very | ow probabi i1y bf

interfering with other services in adjacent copper pairs. Unlike

propri et ar y L5gigl Suesaibgiling dechnelegnis repidhorvobdndip tmapuest o estomg thesshi pset
and other infrastructure vendors, neaning the DSLAMs al ready in place for
ADSE  1hinrtione Syinahets@mv isces compars BRing do exdbiybrondtend nfithadti GetWide f or
delivering G shdsl-based business services with sinple |ine card upgrades.

Al 't hou?fbc@)ﬁfmﬁﬁﬁ iSWgél@l‘&ﬁBh%églﬁjﬁﬁ AReSUIRE Fhalt Pmﬂﬁﬁll'e:?@ﬁeefa bandw dt h

of up to 15Mips, this Ts not enough to deliver a I ngl e unconpressed HDTV
channel; reJ-ong | 0o i st,ances on the public swtche t el e network
(par NpE S A0R soRRERBOEIeE B el Sresfiabih o SR srtsnds 10881 r um
managen}e t  techniques to stay within prescribed | evels of Power Spectral
Densi t § Q‘Fﬁ%@}edr bndpigih £ {ep Widedsd Mibps ieombmgey pyramgtoiida$ L maasporiokrowiadsk  ( NEXT)
in order to make the maxi num bandw dth available in any particul ar binder

gr oup. GAiSEl, sithioearsk Mibltiplekimndver LAM (INAS ¢t deliveManbgeseiianfaidth oHp
Transm ssion Systens" provides spectrum managenent 8 WO 2003/ 094461

PCllg USBR03hA51-38 h8 0BASWIT FREBRL ST @D p&E orTRAdad e RswiRheliiEn 8EiNENI Strati on

of services and technol ogi es t hat _
approved by the ITU (an international standards body). G.shdsl has very low noise

characteristics and a very low probability of interfering with other services in adjacent
copper pairs. Unlike proprietary SDSL, G.shdsl is already supported by major DSLAM,
chipset, and other infrasiructure vendors, meaning the DSLAMSs already in place for ADSL

15  residential services represent a ready-made infrastructure for delivering G.shdsl-based
business services with simple line card upgrades. Although Symmetricom’s solutions are
a quantum leap in dedicated bandwidth of up to 15Mbps, this is not enough to deliver a
single uncompressed HDTV channel over long loop distances on the public switched
telephone network (PSTN).

20 In addition, DSI. technology must take into account spectrum management
techniques to stay within prescribed levels of Power Speciral Density (PSD) for Far End
Cross Talk (FEXT) and Near End Cross Talk (NEXT) in order to make the maximum
bandwidth available in any particular binder group. ANSI standard T1.417 entitled

“Spectrum Management For Loop Transmission Systems” provides spectrum management

8



use nmetallic subscriber | oop cables. The follow ng include requirenments and
recomendations for DSL |ine spectrum managenent classes and specified | oop
t echnol 8Yf &¥39%4bbwer spectral density (PSD) total avBfHYa2083\Ss18
transverse bal ance |[|ongitudinal output voltage deploynent guidelines 10
Spectral managenent, particularly Dynam c Spectral Managenment (DSM, adds

anot her, f i . d.ot her tel ephone echnol ogi es.
Cabl o T BiéBienfland Rkt 18 A0 laRloy FF b BERAITERORE, CaTv)
systens in %ﬁlﬂe United States, mféﬁigﬂare shared user networks, are

del i verFRgeBl iabssitber oop sebles s Thg tolloving ipclodarsparBements andif r ast r uct ur e.
However, due to CATV networ ks technol ogy and standards constraints, CATV
net wor kecoameendapordl fpr PEhdine gpenttunomasaggideatdlessehanihpecifibd tapser vi ce t heir
custoners. As a result, several conpanies are devel oping new technol ogies
to faciddhhalogici:ne all ocation of additional bandw dth on these networks. One
such conpany, Chi nook Conmmuni cation, provides a technol ogy that takes 20

advant age of t?ethgJ%{egﬁﬁﬁeﬁﬁﬁ}(?%@)of a video signal, and m xes video,
STW NI

data, and voic sSi gn spaces of a single negahertz video
channel . This §s!YAT4A3E6PEWENt  over ot her CATV technol ogi es, which sinply
adds data on toptwepsvere balaged stream or uses conpression nmethods to
funnel data alongwmigitedinhioutputanlisge eamin the |ast nmile. However, the

anount of cum_@], au%ly]gy@a;ncémd}qiheﬁhi nook can squeeze out of a typical cable
pl agt is 25 only 500 Mops. Although Chinook's technology is an inprovenent

LA R e T
1000 uéag(gt erolgye? ort] 8gne1p1exity to DSL and other telephone loop technologies.
Cable TV Broadband Solutions - Some of the 11,000 cable television (CATV)
systems in the United States, which are shared user networks, are delivering broadband
15  access over their CATV network infrastructure. However, due to CATV networks
technology and standards constraints, CATV networks are rapidly running out of available
bandwidth to service their customers. As a result, several companies are developing new
technologies to facilitate the allocation of additional bandwidth on these networks.
One such company, Chinook Communication, provides a technology that takes
20  advantage of the inefficient nature of a video signal, and mixes video, data, and voice
signais within the spaces of a single megahertz video channel. This is an improvement
over other CATV technologies, which simply adds data on top of the video stream, or uses
compression methods to funnel data alongside the video stream in the last mile. However,
the amount of cumulative bandwidth Chinook can squeeze out of a typical cable plant is
25  only 500 Mbps. Although Chinook’s technology is an improvement in bandwidth, it is not

a significant enough for a typical shared user environment provided by a CATV network,

which may have as many as 750 to 1000 users on a node.
9



9 WD 2003/ 094461 PCT/ US2003/ 013815 Narad Networks al so provi des a broadband
solution for existing Hybrid Fi ber-Coax networks (HFC) by inplenenting a
swi t chedvé&ttsroelsi t echnol ogy to deliver various voice, pcdaisaoozanssigedi a
services over Internet Protocol (IP). This solution requires a CATV
operator to replace sonme or all of their existing cable network hardware

wi th Narad 5 Network's Cgti cal Network Distribution Switch, Network

Di st ri but i onN&f Nefivorks plse prayades adroedsndolnton foansisBng Mybed Fibeni(ors ace
Unit. By replacing this network hardware, Narad is able to exploit

spect r umtworks (HFEBbivhiaplemertine A3Wwitslad Fheriitehablogh REIRAJuSRsWoi@n 'S

costly because it requires a large capital investnent and only provides 1

o, M I SR T TR (S 00

provi des a broadband sol ution S "usi their

pat ent e vel et .t echnol ogy. .This type of. technol o is disclosed in U S
bat ont dsBEe anbecd SO ot o s ks SR Fefth Sfacpgh
TRANSM_SSI ON AND RECEPTI ON. Rai nmaker's technol ogy uses "wavel ets" which
ar eJor thayeras Opfiesd Neswark Pistitbusioh Switchy Nethorlp Distiissiondhwitad, Sobschibérth t he
frequency and tinme 15 of the nodul ati on and nodul ati on synbols. In a full

i mpl emedcats Bwitchi bed Beoswdbiid Wiferfdt Sinitt e5MBELEBY thiS nékyodlP RAr@NafR NarddOX
increase in avail able bandwidth to an individual subscriber on a CATV

net wor i Lt 1 AP0, % i [ . Line
technoF%g@eﬁéxﬂﬁlggpd%gﬂ%qgg{ﬂggﬁgﬁ%g(?g'%o(%/%r e g’???‘?%%%’%ggagﬁﬁsstg ﬁ? Ohti on
lines. .Digital PowerlLine, 20 deve ed b rthern Te| ecom and United
Ui 1 it inobtly Decausd i eiies alarge A ﬁyeat%at“%d G5 Peay e %ﬁg over.
existing electric power distribution infrastructure. Through

" condi #Peiiopy shard prevaskbendwigtlel ectricity infrastructure, electrical

utilities can transmt regular |ow frequency signals at 50 to 60Hz and
muth hi gher HaimgalenTyclaiodoiésalabproeidtda broadband solution for existing CATV

networks using their patented Wavelet technology. This type of technology is disclosed in
U.S. Patent Number 6,532,256 entitled METHOD AND APPARATUS FOR SIGNAL
TRANSMISSION AND RECEPTION. Rainmaker’s techﬁology uses “wavelets” which
are orthogonal transforms that allow for the precise control of both the frequency and time
15 of the modulation and modulation symbols. In a full implementation, the benefit of this
technology is an approximate 10X increase in available bandwidth to an individual
subscriber on a CATV network.
Power Line Broadband Solutions - Another emerging guided line technology is
broadband data delivery over electric power distribution lines. Digital PowerLine,
20 developed by Northern Telecom and United Ultilities, is capable of transmitting data at a
rate of 1Mbps over existing electric power distribution infrastructure. Through
“conditioning” of the existing electricity infrastructure, electrical utilities can transmit

regular low frequency signals at 50 to 60Hz and much higher frequency signals above

10



WO 2003/ 094461 PCT/ US2003/013818 | MHz wi thout affecting either signal. The

| ower frequenc%_signals carry power, while the higher frequency signals
can transhti® 044! "Digital PowerLine uses a High Fr equpeq:ﬁfysm B#18oned
Power Network (HFCPN) technology to transmit data and electrical signals.

A HFCPN uses a series of Conditioning 5 Units (CU) to filter those
separ at gf ctricity to the outlets in the horme and
?gﬂﬁlloﬁt afirélﬁn_rrirg%{tﬁe? gf%af &g vt gf;é{ueglgy Sheals Gamy Powe hHe fieo

data signals to a co I"cat1®on " nod vi des
mul tipl.e ch%_gnel s for data, voic etc. Base station servers at |ocal

el ect r W4 TSHHTE siEpnls calb@ﬁ‘?ﬁgﬂ'f‘%% the Internet via fiber or broadband

transports. The network topol ogy of a HFCPN-based network is simlar to
that found iligdelthoadilino mads alldighlFretjuencyNednditidaed PANEr NEQvoMiHBCPR) S

denonstrates a novel use of electrical power lines for data transport, this

t echnoltadyiology td SarGHIif @M aisd @b&ribd s@ﬂél@.lﬁm@mﬁée%iavgﬁm bl DSL
services operating at | Mps, and adain, far below Tec t"s reco ndati on

to the (gpM . nRectd vity to th opge, or snal |
busigness, 89 Eheﬁ%i}éerg?o%%%ﬁw%zs%ﬁngﬁﬂ@?mgeﬁﬁglfgmﬁﬁ%B)@EPH etEJB'uE‘F lines as
means tlo del i,very, vi geo, data, ,and 15 voice transnission. This conpany's
pat ent PREYEPA §elpStanalsiie gy ommppisad e madnle o4 sargee unibd ohich pevidescM) ,  uses
existing electric grid infrastructure and the invisible nagnetic field

cr eat eanuipla ehanpelsgongata,viokssett o Baseastativintseratsant ddcahelbétgbity aftetationd del i vers
it to any standard electric outlet. For nore information, refer to U S.

Pat ent chitnecBiodBIndtfeiani fibérad brddENETGshirk THBASERRMER, FRANSM SSI ON LI NE
COMVUNI CATI ON 20 METHOD AND SYSTEM However, the potential "benefits of this

P OL OIS e HORSR ol NS SR UGN o AR ULARB )

t el ecommuni cati on net ere are vart ous i on

utt i ngs. a4l B dygioadides padvel e e ea SRT ot ForASBTRSBTS e def i ned
s Onete?:ilnggéye inlitls current state is barely competitive with existing DSL services operating at
1Mbps, and again, far below TechNet’s recommendation 1o the government for 100 Mbps
connectivity to the home, or small business, by the year 2010.
Media Fusion, LLC is also using power lines as means to delivery video, data, and
15 voice transmission. This company’s patent pending technology, Advanced Sub-Carrier
Modulation (ASCM), uses existing electric grid infrastructure and the invisible magnetic
field created by active power lines to transmit data at a high rate, and delivers it to any
standard electric outlet. For more information, refer to U.S. Patent No. 5,982,276 entitled
MAGNETIC FIELD BASED POWER TRANSMISSION LINE COMMUNICATION
20  METHOD AND SYSTEM. However, the potential benefits of this teclinology are
unproven in the field.
Data Bus - In addition to global telecommunication networks, there are various

local telecommunication networks employing the use of a data buses for use in factories,

buildings, cars, trucks, ships, aircraft, buses, etc. A data bus is defined as one or more
11



WD 2003/ 094461 PCT/ US2003/013818 transm ssion nmedi uns that serve as a
common connection to transfer data between groups of related devices. Data

buses i mworc@omnaisel nany different architectures and st apdanssednisig heir use
as a transmssion nmediumis limted by their conplexity and limted data
rate. A consortium of |eading autonotive conpanies is shortening the design
cycle for 5 data buses by defining the industry's first set of interface

st andar ¢ransnoissiamedivtmsviat senfeis ARGON @OABAIdNGS hiafeTer @d‘lﬂb@cﬂk@ﬂl\kﬁuﬁﬁe nt
systens. The Autonotive Miultinmedia Interface Collaboration (AMC) and the

Tel emat befelaRPRi @SS DERNRAES inbBBb Su SR 1iPrdht Afthite @l PR S STARR]

hardware i nterfaces and progra ng I nt'erfaces for appfrrca

The int ] ransportati,on syst. ' data bus (I TSDB) will ideally

pr ovi deﬁlght}%?\glée? lislg?snf 1%‘581?81“5?1’&1‘“8%%?}? ﬁ%mB‘%éEY ipted dafegpent i n

new- gener atigz%)autqrmti ve systens. Although auto nmanufacturers are using
nul ti pl ex buSednegtipmafieadigaanonetireompaniys isheiteriag thehdasnrognieifor a nunber
of problenms. For a variety of reasons, auto conpanies have hesitated to

adopt adath bdee byndbfinin ehe fndssustsaheiaetof AGrRct Sanddds B 86bRRRIE- devi ce
manuf acturers nust design and build nmultiple versions of their products to

oL L aeh RS cob AL RSB ML LR SRR RN AGhitgld C°

that are typically passe onsumner. Bvi ces

connect he ,aut o' s i pl S are required to be qualified through
the st a]%lgeéliage Qﬁﬁ%ﬁ%ﬁqne(%@)@ﬁdSﬁ%@é%@tleﬁr#‘?l?’ o StonserHitgls 6EPaHBE 2 8¢t ow  f or
future "unpl anned" or ad-hoc electronics and features to be added by the
manuf actfipper- standael kpsdwvae inferfades and progranmir@n®ufatestfusaplichiidreaifivaee.i S
currently being devel oped that allows an I TSDB to be connected to the

aut o' s The infefligent tarsporutionghstemgadxneys (I THDB) Will ideﬁll‘ﬁ?xlo‘%id%' LalilQpiic- device
manuf acturers to build a single, autonotive version of their product that

Pl uBs iabiia@imie AVt abo SRS SN, BERMFh M oo DG ey, nder

i )
the control of the auto  company, Twou as a BRi ng only

aut hori zed sage traffi 0 pass hetwe
C@lﬁlougﬁ atito anufachirety are using muﬁﬂolex buses to interconnect sensors and

devices, fhere remain a number of problems. For a variety of reasons, auto companies have
hesitated to adopt a single multiplex bus standard. As a result, electronic-device
manufacturers must design and build multiple versions of their products to attach to these

15 various buses, which increase the manufacturing costs that are typically passed along to the
consumer. Furthermore, devices connected to the auto’s multiplex bus are required to be
qualified through the standard automobile design process. This constraint does not allow
for future “nnplanned” or ad-hoc electronics and features to be added by the manufacturer,
the dealer or the customer.

20 Dual bus architecture is currently being developed that allows an ITSDB to be
connected to the auto's multiplex bus through a gateway. This will enable electronic-
device manufacturers to build a single, automotive version of their product that plugs into
any auto that employs dual bus architecture, The gateway, under the control of the auto

company, would act as a firewall, allowing only authorized message traffic to pass between

12



12 WD 2003/ 094461 PCT/ US2003/013818 the auto's nultiplex bus and the

| TSDB' s devi ces, ensuring safe operation of all vehicle systens. In

addi t i oNVQ 0080&HPY | onal data bus uses on an auto, by iPEI/ERAINIIGIS TSDB and
dual bus on an auto, new services and applications can be enabl ed such as:
wireless 5 Internet access, renote vehicle diagnostics, security/
authentication codes for e-commerce or read diagnostic information from
vehi cl e*@&?{ﬁfﬁ @P&Pﬁ‘é‘elﬂwﬂé the ITRDB yylepyices, DT exqusetionuof all yehieleng
designed to handle nultinedia applications in the vehicle, tentatively
called FBBMultinmedia (IDBM. This bus will transport digitalized audio
and video, with a nechani smfor guaranteed nessage delivery when required

by the 10 abpiddaw @tadldbnll dkaisdl W o SEhRsTHy ihihidllh BE $EPRGATed! um for

the autonotive data bus because of Its cost ‘eff l'veness an

conpl ex; [ ype qof di.umis . challenging within an

envi ron!rirltgxh'zmt a %ﬁ’e‘%%%%é% r aﬁﬁi‘?{? P gsip beie I?ﬁ]éngﬁ‘g‘ihsaéf VEressand ot her
for ([)i electrical interference. 15 A widely used data bus is

M L[T%T D{BCE aceRss, CRMPYS Vehisla firgnoglics; spewityhuthenticgtionsecded forck-tdnaherdef i nes
the electrical, nechanical and timng specifications for a dual - redundant
comuni @aedddiagnostip sfdamatioh demethicie korhpuaitrs] fehesis 0PRe Ghgs. Up to 31
cooperating digital units in a system This conmunication network, also

referred to @shheaiRedyss isibEingt&éﬁg&e%l'tbylah{ﬁsﬂ}litlﬁ?lgdigggﬁﬁ%ﬁiﬁ}ééﬁ , but is

al so used in submarines, tanks and m ssil es. abl e

becaus j XL1.e L Ol T one. word .fault per. 10 mllion

wor ds) ?Vegjr?(ljé ’ E@é@ﬁ%@ %ﬁ%ﬁé}g%ﬁlmfegﬁém iﬁ@\flhpuﬁé‘e draBsPoRf digitalized aj rcraf t |
such as the E-16 Fi gtﬂti ng Fal con, C- 130 Hercules Transport, B-1 Bonber,
and t héV&i9. 84 ViFee WL &t@%@@lﬁ@lfpbﬁiﬁf@?qedmﬂsﬁﬁg@éiebwwmeg requiitet] biyahd he

M L- STD-
10 application.

Unshielded twisted pair is the preferred medium for the automotive data bus
because of its cost effectiveness and reduced complexity. However, this type of medium is
challenging within an environment that generates large amounts of signal noise, EMF, and
other forms of electrical interference.

15 A widely used data bus is MIL-STD-1553, which is the United States military
standard that defines the electrical, mechanical and timing specifications for a dual-
redundant communication 1 Mbps data bus network that interconnects up to 31 cooperating
digital units in a system. This communication network, also referred to as a data bus, is
typically used in avionics systems, but is also used in submarines, tanks and missiles. It is

20 highly reliable because of its extremely low error rate (one word fault per 10 million
words), and because of its dual-redundant architecture.

Military aircraft, such as the F-16 Fighting Falcon, C-130 Hercules Transport, B-1
Bomber, and the AH-64 Apache attack helicopter, utilize products built to the MIL-STD-

1553 standard. A MIL-STD-1553 data bus allows complex electronic subsystems to
13



1553 standard. A M L-STD- 1553 data bus all ows conpl ex el ectroni c subsystens
to 13 WO 2003/ 094461 PCT/ US2003/ 013818 interact with each other and the

on- boar avH heghvsseonput er. This data bus is the |ife |iperafszodshessasrcraft.
M ssiles and Smart Bonbs, such as ASRAAM (Advanced Short Range Air to Air
Mssile), AIM9X, and WCMD (Wnd Corrected Munitions D spenser), have
becone nore 5 sophisticated and resultantly nore precise and lethal with

t he advan&essiith @fchmileh el eetdntiaesflightegepmeamaly dyshes tial 1o linenéf it from
the use of the ML-STD- 1553 data bus system Just as aircraft use the
data bug.ta. ble the interaction between its sub- systens, mssiles and
smart bonbs also use the ML-STD 1553 data bus to downl oad information ;
fromthe airgraft ju prior to |aun oordinate infor.mtion flow
during 10 t NESEks bR gwﬂtﬁ?@%%gﬁ?%gm%%‘? ik ARD A2 Tank,
Bradl ey troop transport, and the Crusader self propelled how tzer have

al so evMlissld), iAdMVbIK, gid WENMPNWindICortecigh IMunitpis [dispenseddhaviedebeme s19se and
use ML-STD-1 553 data buses for data |links between their electrical

subsyst giphistiéed BRd Mslit D& predaleantd Ughdl Svitls®d all vargainehi dft €s, space
shuttl e payl oads, and on the [International Space Station. Mnufacturers

cyat enmr e TG o ERRAARLSORg sl oo MES g

M L- STD- 1553B has gl so been_accepted and i npl.egqented h TO and .nany

{or ei gniHo DBt FRERY JUSHP BTCRAES (e« Glado e P egHems D RAFI eSS T4 AP NATO has
20 published STANAG 3838 AVS, both of which are versions of M L-STD 1553B.

Howev er systinsi, tnagsilys erol sohast MmbsST us3ke MIRMRTEP-d 553 desdbuatiddawmaad nmilitary
standards do not provide high-speed data transport rates. Another series

of busemfliaiagoR R dR\akRPEdstiRior BIREAM &Arty codina®d infhtehabioh flow during

10 the flight of the weapon.

Ground vehicles such as the M1A2 Tank, Bradley troop transport, and the Crusader
self propelled howitzer have also evolved into highly technical, highly sophisticated
mechanisms and use MIL-STD-1553 data buses for data links between their electrical
subsystems.

15 The MIL-STD-1553 data bus is used in satellites, space shuttle payloads, and on the
International Space Station. Manufacturers have applied the standard to manufacturing
production lines and commercial systems including subways, such as the Bay Area Rapid
Transit (BART). MIL-STD-1553B has also béen accepted and implemented by NATO and
many foreign governments. The UK has issued Def Stan 00-18 (Part 2) and NATO has

20  published STANAG 3838 AVS, both of which are versions of MIL-STD-1553B.

However, similarly to the MIL-STD-1533 standard, these additional military standards do
not provide high-speed data transport rates.
~ Another series of buses have been developed for Supervisory Control and Data

Acquisition (SCADA). This is a software package positioned on top of hardware to which
14



Acqui sition (SCADA). This is a software package positioned on top of
hardware to which 14 WO 2003/ 094461 PCT/ US2003/013818 it is interfaced, in

gener al WP 2%0%Yfhnmabl e Logic Controllers (PLCs), or FS{THER00XHAHE! i al
hardware nodul es to gather real tinme information for process control of
equi pnment. SCADA systens are used in industrial processes such as steel

mal ting,, .po eneration and distripution, chemcal, etc. The sensors
used initésplg%ﬁecgd’%gwgr‘% KpEHmyp gie &H\‘té‘?l (F sy other f ew t housand to
tens of thousands input/output (I/0O channels. Buses also provide a nethod
for daterreeeigial andwasomaeduleewtgather tdal tmo cdammationfor mbtass sontrolie fiel d. The
Controller Area Network (CAN) standard devel oped by Bosch and Intel in

1990 i sequiptknt SS@ATIA §stehttardtiRd iRdudtAll frb@sRe LA 4 el bgeReRARH

controllers. CAN bus can use multiple baud rates up to I MpsS.” The nost
conmon : : ; . T, bus co ni cation
enabl esé%%“?lggﬁi dgﬁ%ﬁbg’o&%%b%%%dghg Sé%lgﬁsél lg? ? gln%%éfj‘ﬁgyb EN %enﬁﬁ?@g’? i me and
all nodes can transmt), |l owi ng full usage of the nomnpal bit rate. CAN
bus glﬂI s TSEe d“@ﬂ@ﬁ?lbﬂ%%gflﬁ@t%‘ﬁ%}d tﬂﬁ%}sé’%%qusqﬂéé P/ AuPHOd D ebampgle hr oni ze
to the data comng froma transmtting nodule. One of the problenms with the

CAN bus is Bues Also prasdde 4 mathod fiardatit serviest tb csmofunidaee WitiNptugssscabl e whi ch
restricts the cable |l ength according to the selected bit rate. As an

exanpl eontrbikersBxih il UBhd @atdidllemhtdl NetRbrk (CANG stRllaiQbOBed By Boded and
the shortest with I Mips is 40 neters. In standard industrt al

enviro ot GAM l : ”ﬁgfﬂ | i i t-hout shi el dj or
twi sted%?{gg]?tréhvr\ljl??gg. ﬁ%ﬁpro e%ﬁ?@ﬁ%ﬁﬁe)g@?éwﬁggwahr‘% %‘ﬁ’&““-&&ﬂﬁi@?’fﬁg hi gh
speed "l ast ml.e" access 20 networks, high speed LANs, and hi gh speed data
buses can b(_ﬁ%ﬁ]ﬁpp}g@%@nﬂ[é&zﬁg@q@pto Mpps: Ahe moskramgmen bard igst he
bui |l ding, or co-habitation issues associated wth DSL and other |oop

t edfnolagyl 2skbpaaad 2@ kppsy She SIAN bus coariunicition esibies msilentsed up éc hi%hogi es to
achi eve high data rates over |ong di stances on gui ded and non-gui ded

medi ungdata being transmitted all the time and all nodes can transmif), allowing full usage of the
nominal bit rate.
CAN bus is also a synchronous network, where all receiving modules synchronize
to the data coming from a transmitting module. One of the problems with the CAN bus is
15 the electrical characteristics of the CAN bus cable which restricts the cable length
according to the selected bit rate. As an example, the maximum bus length with a bit rate
of 10 kbps is 1 km, and the shortest with 1 Mbps is 40 meters. In standard industrial
environments, the CAN bus uses standard cabling without shielding, or twisted-pair wiring.
The problems related to designing and deploying high speed “last mile” access
20 networks, high speed LANS, and high speed data buses can be summarized by high costs,
as with bringing fiber to the building, or co-habitation issues associated with DSL and
other loop technologies, and the physical limitations of sine oriented technologies to

achieve high data rates over long distances on guided and non-guided mediums.

15



15 WO 2003/ 094461 PCT/ US2003/ 013818 Therefore, what is needed is a
cost-effective solution that provides very high bandw dth for buses, LANSs,
and "l asvomdsmbsmecess networks, which overcones thesepcpnshb@mgssignd ot her
limtations of current technol ogy. 5 FEATURES OF THE | NVENTI ON A gener al
feature of the present invention is the provision of a system nethod and
apparatus for increasing the bandwi dth of guided |Iine nmediuns, which

over cones t ehergfosd) haiabisiheedud ik B corefoetias softition thatfpustiiarvetehighr e of the
present invention is the use of pul ses, which are capable of 10 being used

: k on ‘ e ( . g
or t %&g@ﬂﬁﬂ%@ﬂlﬁé& i&b&g%ﬂ‘gés’t?xgm %QCJS?P@L‘WBYI@‘J wild@hvaldoRidd@tdsen an

capaci tan ature of the present invention is the
nodul ati on of | ses by polarjty. A further feature of the present

i nvent iFSA @Sﬂtzﬁé ‘ﬂg‘iﬂll E’rt’é’ﬁsﬁ’lf-c‘%{ﬂng@gﬁﬁﬂt}oﬁi’osi tionintinme. 15 A further
feature of the present invention is the nodul ation of pul ses by anplitude.

A further feature of the present invention is the nodul ati on of pul ses by
frequency. A further feature of the present invention is the nodul ati on of

pul ses HBAPHRES.ORTHRE INeENTE®R{ure of the present invention is the
nodul ati on of pulses by VP Encoding. 20 A further feature of the present

e on 1\ RPN BB BT A 5% Bt st e
PR ACH R VS T TN SR, L AR
problems found in the prior art.
A further feature of the present invention is the use of pulses, which are capable of
10  being used for the transmission of data at a high rate over high attenuation and capacitance
mediums.
A further feature of the present invention is the modulation of pulses by polarify.
A further feature of the present invention is the modulation of pulses by position in
time.
15 A figther feature of the present invention is the modulation of pulses by amplitude.
A further feature of the present invention is the modulation of pulses by frequency.
A further feature of the present invention is the modulation of puises by phase.
A further feature of the present invention is the modulation of pulses by VP
Encoding.
20 A further feature of the present invention is the modulation of muitiple pulses with

or without pulse compression methods.

A further feature of the present invention is the modulation of pulses by any

combination of polarity, time, amplitude, frequency, and phase.

16



A farther feature of the present invention is the encoding of data or
synbol s in Base 2 nunbers of pulses. A further feature of the present

i nvent i oMOi2803{8&6kncodi ng of data or synmbols in hi gher PEHEROBHESSB nunber s
of pulses. 5 A further feature of the present invention is sinplex
signaling. A further feature of the present invention is half duplex
signaling. A further feature of the present inventign is full-duplex
signaling. A %ﬁ%&%@@%ﬂ%ﬁ Begpnt pngendiasis he eRoEnRg P‘gﬁlﬁt? 9" syppholy 1Briense
signaling. A further feature of the present invention is asynchronous

si gnal i AgumbersAfpulsesher feature of the present invention is an enhanced

br oadband transm ssion systemwth a point-to-point topology. A further

feature of thefnh@YBRhre JTURrkht iSvatich aRRdodPaERANE: SyndRBThssi on
systemusing a | oop topology. A further feature of the present invention is

an enha 1ssl.on 15 systemthat is designed for a single
BERG AP ARt AR,

user acc re of the present invention is an enhanced

broadband transnj ssion systemthat is designed for rnultiple user access. A
furtaﬁer f eat &@%f?werﬂfégeéﬁﬁsepﬁ%ﬁmwlﬁgmpﬂ%fSd@’&lhé&rrent over "last mle"
access network topologies. 20 A further feature of the present invention
is a "last mifetthadedwss of dtemedent onfargionasihalfduplet sigpgdmgne | oop plant. A
further feature of the present invention is a tel ephone | oop configured to

use one W r& fofthed féAheR GRS rEdhS BRI ROL s rﬁﬂiﬁg.d the other for
reverse. 17 WO 2003/094461 PCT/ US2003/013818 A further feature of the

present I nvent on.irsinde bPHHRYIYRA: {RUABRT LthSHol:%igRfnp Ot

A further feature of the present invention is asynchronous signaling.
10 A further feature of the present invention is an enhanced broadband transmission
system with a point-to-point topology.
A further feature of the present invention is an enhanced broadband transmission
system using a loop topology.
A further feature of the present invention is an enhanced broadband transmission
15 system that is designed for a single user access.
A further feature of the present invention is an enhanced broadband transmission
system that is designed for multiple user access.
A further feature of the present invention is its deployment over “last mile” access
network topologies.
20 A further feature of the present invention is a “last mile” access network configured
as a telephone loop plant,
A further feature of the present invention is a telephone loop configured to use one

wire of a telephone twisted pair for forward and the other for reverse.
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wires of a tel ephone twisted pair for nultiplexed forward and reverse
transm ssions. A further feature of the present inventionis a "last mle"
access neowaskoemnfi gured as a Cable TV network. 5 A fpgrthenofsaatsige of the
present invention is a "last mle" access network configured as a power

di stribution network. A further feature of the present invention is its
depl oynent over |ocal area network (LANs) topologies. A further feature of
the present AMRRE fosuleofitheSproept BWERIN 19 Welepidind 168iScontiduianehdb&h. A
further feature of the present invention is its deploynent using any

conbi nag i y .le’ . - opol ogies. A
Furt hor " henet FlsiephOR T paif A ERIURER Aoyt S AR g 0P P
access network, or. LAN, or data pus using a si e transm ssion nmedium 15
A further f eétiﬁ%eréﬁawgf Bheguesent pwgrin is A “Jast @Qg’%%ﬁwtwarkawnﬁg@tedm | e"
access network, or LAN, or data bus using a plurality of transm ssion

medi unsasaf Cabls TWghatwogkpe. A further feature of the present invention is
connection to a "last mle" access network, or LAN, or data bus using a

plursal ity of Atfame Tessre O tHEgREdMBin9éntnAb HFBIs flle’OicceldiR@ForkdQnfighiéat her
feature of the present invention is the use of tel ephone twi sted pair as a

transm ssi ﬂi L A f er feature of the present invention is the use
of coaxﬁ%;al&(%egﬁe as tgnn?%tr{gm ssion nmedium 18 WO 2003/ 094461

PCT/ US2003/ 013818 A further feature of the present invention is the use of
pover |ines Adurther featwrios thegresepig@vention is its deployment over local area network

(LANSs) topologies.

A further feature of the present invention is its deployment over data bus
10  topologies.
A further feature of the present invention is its deployment using any combination
of “last mile” access network, LAN, and data bus topologies.
A further feature of the present invention is connection to a “last mile” access
network, or LAN, or data bus using a single transmission medium.
15 A further feature of the present invention is connection to a “last mile” access
network, or LAN, or data bus using a plurality of transmission mediums of a single type.
A further feature of the present invention is connection to a “last mile” access
network, or LAN, or data bus using a plurality of transmission mediums of a plurality of
types.
20 A further feature of the present invention is the use of telephone twisted pair as a
transmission medium.
A further feature of the present invention is the use of coaxial cable as a

transmmssion medium,
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A further feature of the present invention is the use of shielded pair wre
as a transmssion nedium 5 A further feature of the present invention is
t he use Y99 20080261 ¢ vehicle bodies and franes as a trBEENS243/B8Hedi um A
further feature of the present invention is the use of structural steel as
a transmssion nmedium A further feature of the present invention is the
use of railroad. rail as transm.ssi on _11% medifum A further feature of the
present inveﬁ‘lihl@ﬁr egturat the pregentinystign & thg uphe! Rawves lings 25 AANSEIS Y e di um
A further feature of the present invention is the use of netallic water

pi pe omatitier fornms of netallic pipeline transport as a transm ssion
medium 15 A further feature of the present invention is the use of netal

desks as a tA ApsEl fSiu@of E Bradsnt ifvdniibh Rethe hiepd fheel@dd Janewps gsent i nvention
is the use of conputer backplanes as a transm ssion nmedium A Barther

f eat ur k sant invention is the use of drill stemas a transm ssion
20 rredi%lﬁ’%;ml H?ﬁ?{eﬁer ‘feature of the present invention is the use of other

b eSent | nvent RO fegturnel S BT SBHBHARE Bhusop! BHSUE 'S8k boCiea R ssi on
medi um 19 WD 2003/ 094461 PCT/ US2003/ 013818 A Rather feature of the present
i nvent ifiomes 8s & trenwsssiof nelimehuman body as a broadband data bus
transm ssi on medi um ‘
A further feature of the present invention is the use of structural steel as a
transmission medium.
A further feature of the present invention is the use of railroad rail as a transmission
10 medium.
A further feature of the present invention is the use of reinforcing bar as a
transmission medium.
A further feature of the present invention is the use of metallic water pipe or other
forms of metallic pipeline transport as a transmission medium.
15 A further feature of the present invention is the use of metal desks as a transmission
mediuvm.
A further feature of the present invention is the use of computer backplanes as a
transmission medium,
A further feature of the present invention is the use of drill stem as a transmission
20  medium.
A further feature of the present invention is the use of other conductive medium as
a transmission medium.

A further feature of the present invention is the use of combinations of above as a

transmission medium.
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A further feature of the present invention is the use of a single frequency
channel to transmt pulses, 5 A further feature of the present invention

is the wse20d3/00%sli pl e frequency channels to transnmt ppahResesofsdigrt her
feature of the present invention is the use of tinme division nmultiplexing
for multiple channels, multiple users and/or nultiple device access over a
single frequency channel on individual or multiple transm ssion nedi uns.
10 A furt herAffeaharfeatak dfiie: peesehiventivndnticane o tHeltmmandod acade di vi si on
multiplexing for nmultiple channels, multiple users and/or nultiple device

access Qgﬁ{baﬁdahtgg}ugtrgﬁbq@ ?xﬁ)ﬁed innel operating on individual or mltiple

transm ssi on nedi uns eature of the present i nventi on is the use
of time divi ti in for It| e chapnel s users and/ or
mul i pre. devk Ced deatisB sl e e ffovEtionabli 6o 04 Enie fduraSisferi g on

i ndividual or nultiple transm ssion nmediuns. A further feature of the

pr esenttrqusmEpuisss is the use of code division nultiplexing for nultiple

channels, nultiple users and/or nultiple device access over nultiple
fregquency chéantler $eanpebathengesnt innehiiondsitle woE ofilltiphd BeducRBE hasEIgN

medi uns. A further feature of the present invention is the use of an
|nd|V|Qg§5n§5ﬁPhHé@Jlty of 20 sub-carriers. A further feature of the
present inventifon Is the use of public and private access codes. A further

e o BB RSR bPIETLER e S AR A O RSP G "
transm ssions. 20 WD 2003/094461 PCT/ US2003/ 013818 A further feature of
the pr dewmultiptneunneds multipleaisprsanil/or ovltirle devies dacessarver alsingle femquewul at i on
protoe ?:lllé.mel on individual or multiple transmission mediums.
10 A further feature of the present invention is the use of code division multiplexing
for multiple channels, multiple users and/or multiple device access over a single frequency
channel operating on individual or multiple transmission mediums.
A further feature of the present invention is the use of time division multiplexing
for multiple channels, multiple users and/or multiple device access over muitiple frequency
15 channels operating on individual or multiple transmission mediums.
A further feature of the present invention is the use of code division multiplexing
for multiple channels, multiple users and/or multiple device access over multiple frequency
channels operating on individual or multiple transmission mediums.
A further feature of the present invention is the use of an individual or plurality of
20 sub-carriers.
A further feature of the present invention is the use of public and private access
codes.

A further feature of the present invention is the provision of high security through

the low probability of intercept and detection characteristics of transmissions.
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A Further feature of the present invention is the provision of a

mul tiplexer. A further feature of the present invention is the provision of
a trans®? Wp0Ptbtessor. 5 A further feature of the prEEBIROIOIHI&EISt i on is
the provision of internediate field repeaters. A further feature of the
present invention is the provision of nultiplexers, switches, internediate
field repeaters, routers, client transceiver/processors, and other devices
that swit chAdather featyse of the prasgnpinwgiRionas the pravisien of an officispdsimt | nvent i on
is the provision for a client device to operate as a "Hone/ PNX | ocal

di r ect omcaphufation pertododat ure of the present invention is the provision for a
mul tiplexer that is configured operates as a "Hone/ PNA" renote director. A

further featAhguRf fdaife BE 8RMschiMGRHbA the pRIigADaNCRdIQRAband delivery
system 15 that is designed'to operate as a unifiled nessaging system A

further featpyre. of .the sent invention IS an.enhanced br.oadband delivery
System | n vhIGHHEHTE e rReseRrERtoR e B8 RENEEACT SO MBS i 1 | e
nmessagi ng system A further feature of the present invention is the use of
geoSposi ti ot Huther fesbire afthe psesertinemtion @ the pravisien ofistgrmediatstiielhe present
invention is the use of printed and video bar codes as a pul sed

t el econopeatessat i on data source. A further feature of the present invention
is the inclusion of data and synbol conpression nethods and systens wthin

the transporg fyrdkr M@Qﬁt_’h@?ﬁ%@ﬂt iffell it E0AS HOL RIS ﬁ}lﬁlﬁble&@fs, digdnege of the

present invention is the inClusion of data and syn%o encryption and ot her
securi t.y._nmet hod nd systens, w t.hin the .transport. A.further. feature of the
or o5 ent et B R Et e AT oo RGO B s D ek g Viods Bl

switch data as pulses.

10 A further feature of the present invention is the provision for a client device to
operate as a “Home/PNA” local director.
A further feature of the present invention is the provision for a multiplexer that is
configured operates as a “Home/PNA” remote director,
A further feature of the present invention is an enhanced broadband delivery system
15  that is designed to operate as a unified messaging system.
A further feature of the present invention is an enhanced broadband delivery system
in which multiplexers serve as a concatenation point for a unified messaging system.
A further feature of the present invention is the use of geo-position as a routing
mechanism,
20 A further feature of the present invention is the use of printed and video bar codes
as a pulsed telecommunication data source.
A fuarther feature of the present invention is the inclusion of data and symbol

compression methods and systems within the transport,
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transm ssion tuning and conditioning systens and nmethods. 5 A further
feature of the present invention is the use of priority, service type,
stream woenisiobisgft i on, destination address, interned pcgadehzResmis
origination address, protocol type, network conditions (bl ockage,
availability, route costs, quality of service, etc.), security rules and
ot her standard network routing and switching netrics to route and switch

data. One or Afmitker@baitReTehSpeécnt iRbhein i BicBtiBsioh@@tibaead sphbaldvant ages of
the present 10 invention will becone apparent fromthe specification and

cl ai ns é'%g{%%gIa}é(%)\é%héyégmﬁ&lgﬁg%%&w%%@% t%é}ﬁ?,ﬂ%t invention is a

=

system appa I ncreasi ng w'dt h of guided line
net wor ks using, pul se transm ssions. The pul ses of the present 15 invention
are short, | %ﬂmﬁe%%mé the, presegt BGwPIR the leglSion ah MARYErAGH GRS <

various derivatives, or conbinations of nore than one of such pul ses. These
pul ses tearmblissioa thiigh and avmlitiaties syseams andrmeetbeds. di st ances on netal lic or
ot her electrically conductive nediunms, including, but not limted to fast

riseg time, UAtidiepalRurk o AeaRednBREfthn i fiedise of Fff_@rityﬁi@??iicélq@:@ds_tfe_raﬁﬂuency
domai n signatures, etc. The pul ses of the present invention exhi bit a 20

uni que .t d in_signat an i de e I I e. The
o e Sor P dr R Erd Mt RRADRALS Ao AIRAE R BRT S

el ectricall conductive guided |ines, such as,, butl not limted . to, coaxial
cabl e, Q@V@%ﬁ@ﬂ%@ﬂﬁ dleckagm javailabity agBiey 08's CEBLIE, ofsRase, picnesecurity

ot her-conducti ve nedi uns, such as but not limted to, netallic car and
truck bobisesd othhr gaaded sctvwek ranting ahd switdeeksetind thuhdthaatisyitcdhi date.af t 22 WO
2003/ 094461 PCT/ US2003/ 013818 fusel ages, structural steel, mssile bodies,

tank bodi es,oMedahoRi F8Sese Bhdor oBACHIGS, TRk, i0f ad RGBT the Yedteds but not
limted to, the human body, etc., or any conbi nations of the  above.

ACG" gkt G 6RSRSE Apy et Bl A SR RioR RS b RG] 9o For
SUMMARY OF THE INVENTION
The present invention is a system, method and apparatus for increasing the
bandwidth of guided line networks using pulse transmissions. The pulses of the present
15 invention are short, low duty cycle pulses based on a Gaussian waveform and its various
derivatives, or combinations of more than one of such pulses. These pulses enable a high
data rate over increased distances on metallic or other electrically conductive mediums,
including, but not limited to fast rise time, ultra-wide frequéncy spread, unique time
domain and frequency domain signatures, etc. The pulses of the present invention exhibit a
20 unique time domain signature and wideband frequency domain signature.
The present invention includes the use of pulses to transmit data over electrically
conductive guided [ines, such as, but not limited to, coaxial cable, telephone twisted pair,
Category 5 cable, power lines, other conductive mediums, such as but not limited to,

metallic car and truck bodies, ship and submarine hulls, decks and bulkheads, aircraft
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5 public switched tel ephone network (PSTN). Pul ses are transmtted and
received near, or in the noise range of the PSTN network, which may al so
be provhdl W0g3/4er servi ces such as voice, video, andP@eUS200H81398ans ot her
than the pul ses of the present invention.. In addition, a plurality of
applications and conponents are provided that are used for the support,
operati on, managenent and delivery of services and products. 10 According
t o anotfhslagas pruttund setlempssids bndies, nandriddies, watenpiphsdid. sandrmowindesallit or
operating in a Cable Tel evision (CATV) network. Wthin this enbodi nent,
pul ses a¢deumd, k@dksd¥ buk 86t @ffed RS BictRthanaRidy, Q€. bidyR@nitiaSiend snge of the
CATV networ k, which may al so be provi di ng other services such as voice,
Vi deo, gnge data by neans other than the pul ses of the present invention.
15 Accdral g to anot her aspect of the present invention, a nethod is
provided for operating with a LAN, which transmts and receives pul ses
oper ati ng neeEOTdEE topng pEpeshokiBe ipvapL Grng %dﬁmmﬁé@%g}prerm%w 4ray be
runni ng voice, video, and data traffic by neans other than the pul ses of
t he5Spr gablt switvhed télephondoetwrod: (RS TN). ddsek are tassedtfedodndtthesiwdesen br in
invention, a method is provided for use 20 with a data bus, which

t r ans Mk ARG af RO (NEPSPNI RS0 RPEARN I A18Fe providiny 4he L& shange of the
data bus, which nmay be running voice, video, and data traffic by neans

ot her than t.he I of the.pr. i i.on, | j QUS
enhancé F‘)r% ﬁ’t‘}slg?oo aﬁé&lag%g’zbgpnel% s Ipetl @iﬁﬁ%@@g&%&r‘f‘@gge est %?‘%E{é!&’{) nIhi a\rqg{tft? 1ng, but
not limted to unified nmessaging, goo-based routing, gql se switching, etc.

23 WO 2045nbY 2% saplpettpnsod sompraenigar peevided Gatar apedios e syppdsh of

devel opment work performed by the inventors will be described. Reference
t 0 t he opemiidm nrgagamdrit end daiverhef spacisfandgredets. i ncl udi ng t he drawi ngs and
clainms, will realize other features and advantages of the present
i nygntion. Recdafis thaabteespect of the present invention, a method is provided for
operating in a Cable Television (CATV) network, Within this embodiment, pulses are
transmitted and received near, or in the noise range of the CATV network, which may also
be providing other services such as voice, video, and data by means other than the pulses of
the present invention.
15 According to another aspect of the present invention, a method is provided for
operating with a LAN, which transmits and receives pulses operating near, or in the noise
range of the LAN network, which may be running voice, video, and data traffic by means
other than the pulses of the present invention.
According to another aspect of the present invention, a method is provided for use
20  with a data bus, which transmits and receives pulses operating near, or in the noise range of
the data bus, which may be running voice, video, and data traffic by means other than the
pulses of the present invention.

In addition, various enhancements to each aspect of the invention are described,

including, but not limited to unified messaging, geo-based routing, pulse switching, etc.
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5 and advant ages of the present invention, as well as the structure and
operation of various enbodi nents of the present invention, are described in
det ai | edavswpidsrr espect to the acconpanyi ng drawi ngecThus2bd3@18818W Ngs,

| i ke reference nunbers indicate identical or functionally simlar

el enents. 10 BRI EF DESCRI PTION OF THE DRAWNGS FIG [A is a graph of a
Gaussi an nmono pulse in the tinme domain. FIG 113 is a graph of a Gaussi an

nono pul se i Alsohg géﬁ&ﬂl&ﬁ&?t%ﬁlmﬁévéloﬁh@t workpaf@hadibyahe tveatessivarbpul se
inthe time domain. FIG 11) is a graph of a Gaussian pulse in the

frequengy genpin. 15 FIG 1 E a graph of a Gaussian doublet pulse in the
time domain. FIG 1 Fis a graph of a Gaussian doublet pulse in the
frequency dogain. FIG 2A is.a block diagram.of . a test enyironnent

confi gured \Aﬁ%%let“@f’ é‘bﬂ’&ﬁ%‘@%@t%’ﬂ“%ﬁi‘g thepspecifisgiqng lr&?‘lﬁl’%ﬁ:%ed]ir%}’éj‘i“&w a
test environment configured with coaxial cable. 20 FIG 3 is a block

di agr an¢laimsawiibinline vther featupandgylvandagdes gl thegresentiowontivan Farthe fehtutdse
preferred enbodi nent of the present invention. FIG 4 is an illustration of

a PSTN afltaeidagdR@ltROpreWint hviehti g, AR deB a8 td ShudunehRCipeptionoreanbigur ed in
accordance with an al t'ernate enbodi mrent of the present invention. 24 WO

topol g i MEGR e b Eon e et ) iy REBY Ot Byp R by, "Er e
resent invention, FILG i s .a hlock diggramof a data bus network topol ogy
bont i gmceampﬁwg&%ﬁaweﬁ f%Pflfﬁ“aﬂgSahk%?ez%rﬁﬁceémwﬁw@rﬁ%%%%sent

invention. 5 FIG 7 is a flowchart that illustrates the LDL protocol's
hunt an@inetimmely simiileatel eoxents.

10 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a graph of a Gaussian mono pulse in the time domain.
FIG. 1B is a graph of a Gaussian mono pulse in the frequency domain.
FIG. 1C a graph of a Gaussian pulse in the time domain.
FIG. 1D is a graph of a Gaussian pulse in the frequency domain.
15 FIG. 1E a graph of a Gaussian doublet pulse in the time domain.
FIG. 1F is a graph of a Gaussian doublet pulse in the frequency domain.
FIG. 2A is a block diagram of a test environment configured with telephone twisted
pair.
FIG. 2B is a block diagram of a test environment configured with coaxial cable.
20 FIG. 3 is a block diagram of a PSTN network topology configured in accordance
with the preferred embodiment of the present invention.
FIG. 4 1s an illustration of a PSTN network topology with intermediate field
electronics configured in accordance with an alternate embodiment of the present

invention.
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method. FIG 8 is an illustration of an Ethernet Network PDU encapsul at ed
inan L t. FIG 9 is an illustration of LDL packets bei
transpor%'8§80§®g{mé network according 10 to one enbodi ﬁﬁ?@%ﬂr‘”}ﬁﬁ’é%resem
invention. FIG 10 is a flow chart illustrating Ethernet Network PDUs to
device switching according to one enbodi nent of the present invention.

packet . 1 a1 Hand gl eEr AT arkyrd g B AR fes i ah o

deliver video feeds via 15 streans to an end user according to one
enbodi nihelicrate pabpdigeahel thepwsentonvens, 13 is an illustration of a
Central Ofice including high-level system requirenents. FIG 14 is an

i I'1ustrati onFid.lauistarblb¢indiagral sfusdgobpomendik tohalbgyreyniarabinfdcgidattei n - an
LDL Managenment System 20 FIG 15 is a block diagramof a transmtter

accor di fgn be AR B RTRAUIEM: oPlhe PRGenth&SEBL. | nvention. FIG 16 is a bl ock

di agram of a recelver accorgl ng“to one enbodi nent of the present

i nvention. 2 2003/ 094461 PCT/ US2003/ 818 FI.G. 17 is a bl ock diagram
of 8 il i pi Eibr BocRPUeHE fu HERn it HERTgPeolsehont bl sfheRrdtidihon.
FIG 18 is a block diagram of a codec according to one enbodi nent of the
pr esentmeibadent i on. 5 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON

FIG. 8 is an illustration of an Ethernet Network PDU encapsulated in an LDL
packet.
FIG. 9 is an illustration of LDL packets being transported over a network according
10 to one embodiment of the present invention.
FIG. 10 is a flow chart illustrating Ethernet Network PDUs to device switching
accotrding to one embodiment of the present invention.
FIG. 11 is an illustration of 2a MPEG-2 TS PDU encapsulated in an LDL packet.
FIG. 12 is a flow chart illustrating of a system configured to deliver video feeds via
15 streams to an end user according to one embodiment of the present invention.
FIG. 13 is an illustration of a Central Office including high-level system
requirements.
F1G. 14 i1s an illustration illustrating various components that may be configured in
an LDL Management System,
20 FIG. 15 is a block diagram of a transmitter according to one embodiment of the
present invention.
FIG. 16 1s a block diagram of a receiver according to one embodiment of the

present invention.
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The present invention is a departure fromexisting inpulse radio techni ques
used for wireless transm ssion of data. In order to introduce the reader
to the prvegenitvdsventi on, the follow ng technol ogy ovecvrivsamsspn®vi ded as
a precursor to the specific enbodinents 10 of the present invention. The
intention of this overviewis to assist the reader with the wunderstanding
of the present invention, and should not be used to |limt the scope of the
present i nveli.dfi.is Obbchdppgetim of a mudtipiexes ectording endneombseeli@est dfehea r adi o
frequency system designed for use in high attenuation and capacitance

envi r oneL SRkt are comonly found on 15 netallic guided-line
conductors, such as but not [imted to, tel ephone tw sted pair, coaxial

ot i ted i 18428 Blofk AR of OB e e SO o EnR e

decks and bul kheads, aircraft fuselages, structural steel, mssile bodies,
t ank boav@sionat er pi pes, etc. The term "electrically conductive guided
media" is used to include the above nmentioned netallic 20 gui ded- nedi a
conductors whil e excluding transm ssions over the air or optical

transm ssions either over the air via |laser or view optical fiber. The

pul ses 9 TANGDESRAPITURSF PHEVEESROT INVERYION Y cycl e pul ses. The

duration and duty cycle of the puI ses vary wth the particular nmedi um

bei ng used. nedi,a such.as tele hon twisted pair th

racti cal . AP Gotoatts B et AP SRR BB ah oairda

PCT/ US2003/ 013818 frequenc of the pulses is between 300 KHz and 150 MHz,
whi ch deiyirelessgransmission afsateo A8 ordst towsodveeribe eagderde thepsser invgnbemconds
respectively. The upper center channel frequency on tel ephone tw sted pair

i s | i mthefbllowiigdiecihivdognereriewis pradidad hom psloinsbr tohkgspesificentingiwhests ound 100
MHz. The overall duty cycle per unit of tine is variable, and is 5

depgndap Ehe%?e%ﬁ?m‘%m TheinttfonRifliSe o{fé“pﬁw itQRss{st BRYERRY wilhTRe @ gi ven
pul se duration. The m ninum practical pulse repetition frequency is
depend%ﬁ&ergtanéﬁg offife eﬂ%gs%xq% 1hv ﬁt}otneerm should not be used to limit the scope of the
present invention.
One aspect of the present invention refers to a radio frequency system designed for
use in high attenuation and capacitance environments which are commonly found on
15  metallic guided-line conductors, such as but not limited to, telephone twisted pair, coaxial
cable, Category 5 cable, power lines, other conductive mediums, such as but not limited to,
metallic car and truck bodies, ship and submarine hulls, decks and bulkheads, aircraft
fuselages, structural steel, missile bodies, tank bodies, water pipes, ete. The term
"electrically conductive guided media" is used to include the above mentioned metallic

20 guided-media conductors while excluding transmissions over the air or optical

transmissions either over the air via laser or view optical fiber.

The pulses of the present invention are short, low duty cycle pulses. The duration
and duty cycle of the pulses vary with the particular medium being used. For a guided

media such as telephone twisted pair the practical range of duration of the center channel
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a given wi ndow of time. The length of the tel ephone twi sted pair |oop al so
plays a factor in which center channel frequency is used to achieve the
maxi mumWIRRM308Hel at any particular transmi ssion di st BET@S200be138thger t he
| oop, the I ower the acceptable pul se center channel 10 frequency. For a
gui ded nmedi a such as a coaxial cable the practical range of duration of the
center channel frequency of theggulses is between 300 KHz and up to 2 GHz,

whi ch eledieacy eighp prlses ig betcen 480 B ipeed 5Advibz cwbich squate iopdasduraiimseconds.
One skilled in the art will recognize that the appropriate center channel

f r equenaf2658 rdagrecaiaistio 6167 hasosgastgie respectivelyli Thelippdteagatdagnelof the gui ded
medium the proximty to sources of interference, the quality of the

i nsul at f8fhendyf &Pﬁf%g.glgq[ MASEDSLr BT %daﬁghﬁ% g oPndndn SREREAR wiaRg ot her

factors such may in a particu applircation or environnent. These

pul ses .ar sed on t Si wav rm gnd varjous derivatjves,

Phct o et pSctafd o TS e p7ora] Cgkr GRprytiteiies Bryaiob. Biise,
second derivative 20 Gaussian doublet, etc., or conbinations of one or

nor & ofdeppiedast puthsesodust chthe silsn repstidoofinquensy times s givea pulse giniationant | y and
mat hematically different froma sine-based waveform saw ooth waveform

t ri angltermindiniehqiraoticsiqudveaepaiiehdrequegatiederehimt onaveiREpubia ey Rk i ant s of
t hose wavef orns nodul ated by frequency, anplitude and phase. %7 WO

/ | f i
o A5, A ARG A0 O AT BB

invention is critical enef | ent 1 nvention.
These .Se an,al so.be forned one or. nore waveforns that produce
dos: r el RS Feat b RuR? B8Siengy Haras o BatevR ot FramBHoaS M et o] eguieie,
ultra-wide  fr ecc]iuency er ead, unique tinme domain and frequency domain

si gnat GfeRENIsgioR disfecpilhe aee th kopi the dowerithe accepiablequmagi asntst greabelr e and
w deband frequency domain signature. The present invention's tinme donmain
si gfat direquéreya result of the tine shift keying of periodic pulses, which
have wel | -defined zero crossing and peaks. The present invention's pul ses

For a guided media such as a coaxial cable the practical range of duration of the
center channel frequency of the pulses is between 300 KHz and up to 2 GHz, which equate
to pulse durations of 2650 nanoseconds to .50025 nanoseconds. One skilled in the art will
recognize that the appropriate center channel frequency is dependant on the gauge, or

15 mixture of gauges, of the guided medium, the proximity to sources of interference, the
quality of the insulation, grounding, whether or not the cable is shielded, and other factors

such may exist in a particular application or environment.

These pulses are based on the Gaussian waveform, and various derivativés
including, but not limited to, a first derivative Gaussian mono-pulse, a second derivative
20 Gaussian doublet, etc., or combinations of one or more of these pulses. A Gaussian
waveform, is of course, significantly and mathematically different from a sine-based
waveform, sawtooth waveform, triangular waveform, square waveform, gated sine

waveform, and variants of those waveforms modulated by frequency, amplitude and phase.
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are recovered in the time domain by searching for the |ocation of a
specific anmount of energy in a sanple w ndow. The sent and received pul ses
are a t We2008f0e46éhce agai nst 10 which ot her pul ses arepreasaied13s0d cour se,
since the present invention relates to Gaussian waveforns, tinme donain

si gnatures based on sine-based waveform sawtooth waveform triangul ar
waveform square waveform gated sine waveform and variants of those

wavef or R Gaesian tveryeloymfof dogpassnt iveplion isdeitioaldo phradding the exefits dé thef r om
consideration, as well as any other tinme domain signature caused by

cont i nyREEnPhaeRicAITHeEs fulsss RRRRDAR fAfnddby SR JEMSE vaRcRRY:S iRk M based
pul ses of the present invention. The frequéency donain signature is

ul tra-w. i . fast ri.se ti I e used. The
pul ses TPE oL RAAHRT R At iffet I Ba BEPRE MG and
narrow band, periodic signals are therefore excluded from consideration,

i ncl udiFRPUCRYSRIRSACYIE R demgHpAnd feegugneydoman sigay ulesds-o L Ae Pt oot h
waveforns, triangular 20 waveforns, square wavefornms, gated sine waveforns,
andSvarexhibifs wiiquetime domeir sgomure afith widebbsd frequeney temaistsignmteaalbhe

i ncreased di stance and data throughput performance of the system over

exi st RgeseRCANG RA! LFme BambinCidihuraid LIPS M Sind RiREANS Qf%ér{b%id adi ation

of the pul se energy in unshielded netallic environnments, Such as tel ephone

tw ste I T Sy radi atj.en accur roximately 100 Mz on a
tel ephg)rlllfeé%éa M@%Vg%?%@ﬁé{%f%%% ‘%@?8‘%%7“3‘5%@%%%@? %e&%(i?éﬁe?t,mrg\m f*Sreans
relatively w de, pul ses, conpared to_ those used over air, or a coaxial

cabl e, SFR/SFOYsEeivdhe Hay dogiain B ssarching ©r phegneation o aapedhic ampar fapaci t ance
medi um The advantage of the pul ses of the present invention are their

uni que en¢rgp ilosamnple vaéhdpvat Thesent hidreseigadpulses @e alingesreferereeapaibstg device to
determ ne the location of a pulse 5 through a process called correlation.

Cong el adhicothéicilak afe Res0kdiC (Ot Ofin@RE Ges¥iieivAtioh BRkbs & Qlustiag sent
pulse is nmultiplied by a received pulse signhal. This coincidence known as

the aubayERLLe!ithd Abnbifl st bSOl LALLM wRBRRhS S IS Gk RSO O the
pul se position 1n
triangular waveform, square waveform, gated sine waveform, and variants of those
waveforms modulated by frequency, amplitude and phase are excluded from consideration,
as well as any other time domain signature caused by continuous phase carriers as opposed
15 to the Gaussian waveform-based pulses of the present invention.

The frequency domain signature is ultra-wide band in nature because fast rise time
pulses are used. The pulses are therefore transmitted over a huge spread of frequency, and
narrow-band, periodic signals are therefore excluded from consideration, including
frequency domain signatures of sine-based waveforms, sawtooth waveforms, triangular

20 waveforms, square waveforms, gated sine waveforms, and variants of those waveforms.

The pulse characteristics enable increased distance and data throughput

performance of the system over efcisting technologies. Particular attention must be paid to

the radiation of the pulse energy in unshielded metallic environments, such as telephone

twisted pairs. For example, radiation occurs at approximately 100 Mhz on a telephone
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very specific time |locations. The correlation process is used to detect

pul ses at very low signal to noise (SNR) |evels, even down into the noise
floor. V280261 on of these |ow 10 SNR | evel signal sSPCBUSSHIIEE due to

t he coi nci dence of energy versus the signal with respect to noise. There
are two advantages of these pulses in the frequency domain: the ability to
coexist with existing tel ecommunications technol ogies on copper wres, and
t he abitiigtgd pair, which meangmelatively widet milsenecomperidiie ihose gaed over Birorpul se of t he
present invention spreads energy to beyond 25% of the center frequency

whi ch amusiebcdble nfisgitadesicedfipeas inathisnbigh attematios thigincapavitaiied medium.
wave-oriented comunication systens. On a tel ephone | oop, this

characteri sty Jab s dfiife %ﬁéés%@‘ﬂ}ﬁ_a;ggsenpﬁ%ﬁt%%fﬂﬁ il &(ﬁ%iﬁgence W th

ot her technol ogi es operating on adjacent w res. addrtion,
characteristic.all.o ul se- based seryvice f the present invention to

Co- exi STEIBI T R SHAHE epitics sEruie g5 ViR tndsierine Bis l070an oL ABHSE S but not
limted to voice, DSL, etc. The pulses illustrated in Fig. 1 a --, If are
spr éad thivugh agrreasscalled eoreedalivne fCaratmins findieaies cenin@derce of ermigy whathe pul ses
of the present invention create power spectra that are dramatically w der
t han t rgslichioftial sespneds spdiilicd bytaaetviaddqgil@Signabi This abinoMesdcdimaind t 0 be
transmtted faster and further than traditional narrowband net hods. 29 WO

2003/ 094 a1y rld 3 200:3% QdABd S o ALY, khtles hPBeBM ST (RE phBSpNIGRERL
be shaped X PH pulscpeueata L L

i nvention may be shaped spectrally t0 control e signa

out of band em ssians,. in-band spectral flatness,.,ti domai n eak power,
o acedanrwoghe St Tiiioht . Ripriop st S el Bl s dP S cod. by
various net hods that are known to one of ordinary skill in the art. 5 The

syst emsighak thaope SHRY lavalgeaven dawaantodhasaoisellens e tihe deteqtipantithese isv or  nor e
data bits per pulse, or may use nultiple pulses to transmt a single data
bi 10 ASNRkoelesignalsis pogillad@dophd sendidaics of omdrgy vérigs the siggall with y occurri ng
pattern of pulses will produce in
respect to noise.
There are two advantages of these pulses in the frequency domain: the ability to
coexist with existing telecommunications technologies on copper wires, and the ability to
filter and correlate the received signal.
15 A pulse of the present invention spreads energy to beyond 25% of the center
frequency which causes the signal to appear as noise to most narrowband, wave-oriented
communication systems. On a telephone loop, this characteristic limits the far-end and
near-end crosstalk interference with other technologies operating on adjacent wires. In
addition, this characteristic allows pulse-based services of the present invention to co-exist
20 on the same wire operating with other services such as, but not limited to voice, DSL, etc.
The pulses illustrated in Fig. 1a — If are spread in frequency in excess of 400% of
the center frequency. The pulses of the present invention create power spectra that are

dramatically wider than traditional spread spectrum technologies, which allow signals to be

transmitted faster and further than traditional narrowband methods.
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the frequency domain a set of conb lines within the power spectrumof a
single pulse. These conb lines identify areas of peak power and can cause
i nt er f evememsmondsbl ot her 10 services transmitting on thecsaseoodniizesr by
wire. In order to reduce the areas of peak power noted in the conb |ines
above, the energy can be spread nore uniformy by using pseudo-random

noi se (PN) codes to dither each pulse in a pulse train relative to each

pul se' s nom malddps) the@iisefoPiNe pasient ifventisaimaybetshaped Pesidliyad ottt define
the positioning for each pulse in a sequence of pulses. 15 The PN code can

I'so b : . ce of pt . de c:
a0 e SEal DR U6 oIS\ 8 8RB Bl Btk FIEARRAC e acopT! call on

evi ces operating over a single netallic
medi um Itiple users, or devices, operati random i ndi vi dual. . cl ocks and
differ PR e&@&@@@%ﬁfﬁ %01%&%%@% Oﬁﬁ%nﬁ}ﬁ/?‘ﬁ?ﬁ‘éé’?y prafuced by .
Therefore, a pulse train using on(,- PN code will statistically seldom
col | i devasioufhmgthiode ghatigicdkgoamat lvee oPprdomdeskiltd the asiddi ti on to PN codes,
there are ot her nethods of channelization on the sane netallic nedi um

sucls as, bUtTlfmstystbiﬂBﬂtﬂéiﬁﬁe@eﬂt lifReenebly b&i £ Berisel P G%hdMit ohd GOHERGAtLI Vi Si on
mul tiplexing, etc. Any characteristics, or conbinations of characteristics,

of pul 7 \, i ta se include,
but "ar Y PR, B 0 s Tt R KBNS iSSP S BT OLeedd 5T aa s
nodul ati on, phase nodyl ation, frequency nodul ation, _tinme shift _ nodul ation,
pol ari twqdquf%ﬁ% PYRSHAR FOUAIIIN Sfegulagy QCeRBRE Pt Pf Balges Wil praduopdi ent
Application 09/812,545, to Meliek, et a .|, entitled SYSTEM AND METHOD OF
USI NG Vh&Rfra@lcacPiiniBES aReR BABCliaE vyithit the matvwen spertippnbed 4 single phlse. anal og or
digital forms. 5 One sinple formof nodulation is binary phase nodul ation
whi ch NMEésdEonks Bles' i@entlfy afaibf pdikipaiér bid @hritiscinterBirdit Withhakg nodul ation

uses a single synbol to convey a 'binary "1" when its pulse is transmtted
N9 SRERkdel BdnfNANG Ahe 3all BRhYarbPwighen 1ts pul se
In order to reduce the areas of peak power noted in the comb lines above, the energy
can be spread more uniformly by using pseudo-random noise (PN) codes to dither each
pulse in a pulse train relative to each pulse’s nominal position. A PN code is a set of time
positions that define the positioning for each pulse in a sequence of pulses.

15 The PN code can also be used to provide a method of establishing independent
communication channels for multiple users, or devices operating over a single metallic
medium. Multiple users, or devices, operating random individual clocks and different PN
codes can be designed to have low cross correlation. Therefore, a pulse train using one PN
code will statistically seldom collide with pulses using another PN code.

20 In addition to PN codes, there are other methods of channelization on the same
metallic medium, such as, but not limited to time division multiplexing, frequency division
multiplexing, ete.

Any characteristics, or combinations of characteristics, of pulse waveforms can be

modulated to convey information. These include, but are not limited to, amplitude
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is transmtted in a phase shifted 1 80 degrees. As an exanple, a series of
bi nary phase nodul ated pul ses transmtted at a frequency of 10 MHz sends
10 m || Vo2 2@93i08&261 per second, 10 yiel ding a synbol or BEU/EHSI00¥NBAISSI on
rate of 10 Mops. A nunber of Mary nodul ati on net hods (where M equal s
nunber of bits per synbol) provide for further data throughput capacity
due to nodul ation. A 4-ary nodul ation nmethod defines unique | ocations of
t he pul meddetitre phdssmehiddiiony frbgienciOmedulrer ditheoshifiadylaton odaritp (flipsed f or
wireless ultra-w deband is called pul se positioning 15 nodul ati on (PPM)

The normeluikiic, 81BAYL ahd HdsOicsCRBALinas SapAet ApplichtRaal9/91p,345, td RRliglat e the
expected arrival position or tinme of a pulse. A PPMtransmtter delays or

advance . ~§W§ﬁfﬂi j@ﬁ i Lnal position
in or de%#’%ﬁtlﬁ%ﬁdgfg?%w?n orma io%ﬁwgg?{/lﬁ(?e\f:el verﬁg%tséseva uat es whet her
its pul reiy "early” or "late! in relatjgon to its expected arrival
tinme or%d@%ﬁ% ﬁ@ﬁad@%p@yb%ms%‘th qﬁlﬂmlté‘b%%msses can be transnitted
at a rate of one per second. Because the receiver of PPM pul ses expects

pul Ses to arPnvamate hrmai encolitlatine ipEnary pbasednodulatainuehichmapdeassl gned t o
the arriving pulse depending if it arrived 250 mlliseconds (ns) early or

250 B thank@it Uity idfbiSdtioa! | BRaRHagS@sduldonivset a GRS dykfbol REcdavbsE ,
nodul ati on as one of the preferred nmethods of nodul ation inplemented in

the br SR G 0P TG Ak U ARATHR0AA0, BT UG L 3Le

nodul at10n” i nc ul'sé posi tioni ng I'csS*provided
in Mar, nmodul at i on sche h as PPM Howeyer, the pul se dul ation
focuseslglgﬁnséWEF‘gHWﬂ@SGgiﬁggﬁ 150 OgIEESy S GHAIRIe S SPHEHYY RIBATE PRt ed noni nal
position, versus PPMs nethod of sinply evaluating whether a pul se has

arri vednedulited pulsésdtamsinmtedett atfiequertcy of 1 8 Mbtpsotie #0 milopmipuldes pasictémsln. As an
exanpl e, a 2-ary pul se nodul ati on schene based upon a 10Mhz pulse that is

abl1e t gideinpWeymbyboliatbir@siRic BRIIFQ0 Mbgshi n the transmi ssion of a single
pul se. A 10 MHz pul se requires 100 nanoseconds in tinme to transmt. The
modul ation A yumber of Me-ary modulation methods (where M equals number of bits per
symbol) provide for further data throughput capacity due to modulation. A 4-ary
modulation method defines unique locations of the pulse center for each symbol, One
method of M-ary modulation used for wireless ultra-wideband is called pulse positioning
15 modulation (PPM.) The normal implementation of PPM uses a nominal location to
indicate the expected arrival position or time of a pulse, A PPM transmitter delays or
advances the pulse by a constant amount of time from its nominal position in order to
modulate information.l A PPM receiver simply evaluates whether its pulse arrived “early”
or “late” in relation to its expected arrival time or position. For example, a series of PPM
20  pulses can be transmitted at a rate of one per second. Because the receiver of PPM pulses
expects pulses to arrive at a rate of one per second, a value can be assigned to the arriving
pulse depending if it arrived 250 milliseconds (ms) early or 250 ms late.

For illustrative purposes, we will describe the pulse modulation as one of the

preferred methods of modulation implemented in the present invention. The pulse )
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woul d define two tine locations, with the first one as the nomnal tine or
the expected tinme of the pulse. The second tine locationis 2.5

nanosecanganzabecr or after the nomnal 10 tinme. As a reguliszodsgsdigtal tinme
required to transmt a single pulse is 102.5 ns. This yields a data
t hroughput rate of approximately 9.75 Mops. To inplenent a 3-ary nodul ation
schene, sinply add another tine location of 2.5 ns after the second

| ocat i omodulatiGhincRidas g e bSpahd pésitidiengehaiaeadristiosprovided ifCMvhiyni ng et hods
of npdul ati on can al so be used transmt additional 15 information. For

exanpl Euyoliliah SHBRLOLRR NPPAE HBRcPaAihE plIb BodiRAlth bR, 5 BRffangescr | bed
ISUI y p gl’u

previ ou ., In conmbination w th phase’ np ation, we could transm data an

addi ti opal ) values .for.a total of four different v , conbi nations

o thi n* ey bl TSGR ST PP kAR RGP R WG SRARHPL t ed 2-ary
modul at ed pul se would be sent O or 180 20 degrees out of phase for an

addi t i osimiplit sveluating whathges puise hasartivied eselyeor 169 irsralgfiopfto dis gspectethe f ol | owi ng
chart describes the different values: CHART 2 2- ARY PULSE MODULATI ON

EXAMPL Encinidh o‘s’ﬁiobi.eli’lmﬁd';@h%}'e, 2Q0ar0 Gulse mBuRf08 sORHSHasRCIH 2 00MAhH 13818
"01"1S00 " 101')'/1302.5 ns "11"1802.5 ns %y I ncreasing the poten}tsi al val ue

o A BRI o o St Gl o 2
pulse. A 10 MHz pulse requires 100 nanoseconds in time to transmit. The modulation
would define two time locations, with the first one as the nominal time or the expected
time of the pulse. The second time location is 2.5 nanoseconds late, or after the nominal

10  time. As aresult, the total time required to transmit a single pulse is 102.5 ns. This yields
a data throughput rate of approximately 9.75 Mbps.

To implement a 3-ary modulation scheme, simply add another time location of 2.5
ns after the second location, which is also 5 ns after the nominal position.
Combining methods of modulation can also be used transmit additional -

15  information. For example, if we continued using the 2-ary pulse modulation scheme
described previously, in combination with phase modulation, we could transmit data an
additional two values for a total of four different value combinations within the same
amount of time.

In phase modulation, the transmitted 2-ary modulated pulse would be sent O or 180

20  degrees out of phase for an additional two more values within the same 102.5 ns of time.

The following chart describes the different values:

CHART 2

2-ARY PULSE MODULATION EXAMPLE

4-ary Value Phase Detlay
6600)! 0 0
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nodul ated exanple. As illustrated in the exanple above wth 2-ary pul se
nodul ati on and 5 phase nodul ation, there are other pul se nodul ati on net hods
that ca®@PrMd0délised in conbination with each ot her PEEHUSHIHVIEES for a
vari ety of performance |levels. PPMor pul se nodul ati on nmet hods as
illustrated above provide for several unique advantages over traditional
transm,ssi on methods in the denodul ati on process, PPMand pul se
demodullaPitn net hods includki$he use of a caorrel hfor for the decodi nd and
10 dengduiPati on of a receivel PPM and pul se signaP.5ofs t he present
i nventilen]” The correl ator neidgipd of matched filtepikng 1S 1 nplenent ed |by
Cross-correrating the recelved pufse with a replrca or nodel—of—the
transmtted pul se shape nd. then filt.erin h result. Received pul ses
that match t%’emﬁ{)eagflg @?e pﬁ?rglgilgaﬁﬁ ?Oé’EP’-B‘EH%‘g tb? gﬁ%&@(’ﬂ%@‘? W’gﬂ“@or rel ation
results, while noise or interference signals do not. The decision about the
15 pr esioybled ghromds Exbosgn oxr Fanseulseanodiates gxanaple iy L2 SMhps imen 4-#vel | hood
of detection"” algorithm The receiver's synchronization hardware and

sof t warpodibeedepmade. s As dlhsakied igtelexamhltabows With 2hey belgt RvidoBich aad t | e
frame for each sequence of "n" pulses. This clock signal is derived from

t he sco rﬁhﬁie%@dul&’t‘it%ﬂ? ﬁier@irle %tﬁ@bﬂé@ﬁmﬁhjaﬁﬁﬁ ﬁfé&f&dg g&ea? fard Qsd Hé{iée'gfiﬂi ng the

uni que 20 pul se shape, also called the sync pu assoclated with clock

signal . The nec .pul se s ,transmtted fr nt enoygh, for exanple, one
f or evéP(}%g}gﬁé%&[c@e Emﬂ‘er%{%@g{ eff%rameﬁrtqur{o SLI%S?FFChr oni zation. A
del ay-| ock | oop, or phase-|ock | oop are also nmethods 33 WO 2003/ 094461
PCT/ US2003/ é’fé@ esrilpamodaiatie mythvds evilinsiraiedalovg ooerids for sevesal nokueni zat i on
between the transmitting and receiving devices. The present invention's
pul ses advantdgeb evaritaditfonahtrersfréssenceethedsingies dfmédidition roges. PPCRESi Ng
gain. For exanple, a direct sequence spread spectrumsystemwth a 10 VHz

5 chanpalse banduidhéh keudd holidk tieleomathafakr Rt ilioting 3 2 processing

gain o

10 demodulation of a received PPM and pulse signal of the present invention.

The correlator method of matched filtering is implemented by cross-correlating the
received pulse with a replica or model of the transmitted puise shape, and then filtering the
result. Received puises that match the model of a transmitted pulse produce positive
coﬁ-elation results, while noise or interference signals do not. The decision about the

15 presence or absence of a pulse can be made using a “maximum likelihood of detection”
algorithm.

The receiver’s synchronization hardware and software use a precise clock signal
that marks the beginning of a time frame for each sequence of “n” pulses. This clock signal
is derived from the correlator output of a matched filter dedicated to identifying the unique

20 pulse shape, also called the sync pulse, associated with clock signal. The sync pulse is
transmitted frequently enough, for example, one for every sequence of “n” puises, to

maintain timing synchronization. A delay-lock loop, or phase-lock loop are also methods
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times the informati on bandwi dth, which is equal to 30 decibels (dB). As the
pul se repetition rates increase, a receiver may be prevented from

i nt egr atWagoosreeewived pul se sanples. In these cases a Sighy@anisssigay be
used to enhance interference mtigation and increase the capability to
correlate a signal. 10 EXEMPLARY EMBODI MENTS The basis of the present
invention is the specific, a priori know edge of the transm ssion timng,

and t hetlex st lmnoed anthatrhain Ob&EYsnh Synchfontzaflah bbb thetknsRitiMpaAEAS
wave-ori ented comuni cati ons seek to extract the neaning of a wave, the

present reckiRudyRi3s f ocuses sinmply on the existence of a pre-defined pul se,
within a pre-defined 15 w ndow of ti rre on an electrically conducting wave
gui de such rredl m The onents of the technol ogy are

The o T ucn Al B btidE bR ol et ot P ras e o fissdaresnd the

control of transm ssion power. Recent advances in wreless comrunications
t echnol BggesHig&aite Jifresempls, adirecs ReUgheRspreashspEettting Restam wlithreal 0MEE: band
technol ogy (UWB) called inpul se radio 20 conmuni cati ons systens

(hersei naifahme] bandwieth toel0 Kelziahirdhtion bAndoidh yRIMSEsroREQind MBPaNMoi N nat ur e
and simlar to ones found in wireless UAB or inpulse, the sci ence of using

them %ﬁés&eﬁﬂfoﬂhétfcﬁﬂﬁﬁéwﬂﬂh%ﬂbﬂﬂeg PUBLOeAEapac tance metal lic

medi uns such as one twisted oops cabl e, and power
lines is sig /g %ﬁ g glﬁ ferent. 34 WD 2003/ 094461 PCT/ US2003/ 013818 To
better underdt SCRSEHER FHIES WETeRss: & FeSLVer MyNIbe @rovalted fram imiReraings ent

i nvention, the foI I ow ng review of inpulse radio follows and was first
fully deedyadiudsssamplesel theseghsespaubrraricr rylhedisedyto krandRdnterence, 641, 317
(i ssued Feb. 3, 1987), U S. Pat. No. 4,813,057 (issued Mar. 14, 1989),

U. S. Panitighifon ahdiiered&ahé b@ﬁﬁﬂﬂy%rreleﬁeaél g) and U S. Pat. No. 5
5, 363 108 (issued Nov. 8, 1994) to Larry Ful l erton. A second generati‘on

of 1 @}@\EPLAWUEWG ﬁli@}?ﬁ? ents includes U S. Pat. No. 5,677,927 (issued
Oct 14, 1997), U S B

The basis of the present invention is the specific, a priori knowledge of the
transmission timing, and the existence and characteristics of a particular pulse. Whereas
wave-oriented communications seek to extract the meaning of a wave, the present
invention focuses simply on the existence of a pre-defined pulse, within a pre-defined

15 window of time, on an electrically conducting wave guide such as a metallic medium. The
key components of the technology are the pulses, the modulation of the pulses in time
and/or phase, and the control of transmission power.

Recent advances in wireless communications technology have resulted in an
emerging, revolutionary ultra wide band technology (UWB) called impulse radio

20 communications systems (hereinatter called impulse radio). Although pulses are wideband
in nature and similar to ones found in wireless UWB or impulse, the science of using them
over long distances on a high attenuation and capacitance metallic mediums such as

telephone twisted pair loops, coaxial cable, and power lines is significantly different.
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No. 5,687,169 (issued Nov. 11, 1997) and U.S. Pat. No. 5,832,035 (issued
Nov. 3, 1998@ to Fullerton et al. The aforenentioned %tents are hereby

i ncl udedq #HO4AM¥ety by reference as they describe a HFHE300H#13818 cuit s,
filters, correlators, nethods, techniques, etc., that are 10 useful in the
present invention. Exenplary uses of wireless inpulse radio systens are

described in.U pat ent licatiqQn, Ser. No. 09/332,6,502, entitled,

"Syst em andnmp%geﬁ “P@ 18 @ﬁf? 8 “E)@f%@ eShimnudsedadia toriheressrhinmertinnar
Array," and U.S. patent application Ser. No. 09/332,503, entitled, "Wde
Ar ea Tithe fabseng revaera of imapudse, radipdolbovs ansdwanfirdufully Hdscribd® ) a smidsbt h of 15
whi ch are assigned to Tine Domain Corporation. Methods and techni ques

descr i hetenis) indidse U Fen . 1631 33 2 (1buddFebs 1DRS €118, Pl e 913, 053Nd t hey
are incorporated herein in their entirety by reférence. It is often

t
carri or T har M B B RaP4p IR Isb B TPl ol 1 5

h "t he baseband si gnal e uce

oot el CoPaY P 1S9 briedainy WG b seEeLaAgraion ol KGR pat ter n

at a rate faster than the data rate. This same pattern is then used to
r ever sémprlse padse patents irtludes (b .Pat. . Gr6 4,924 (isdaddeOgtal 4,d087), Thedwt sub-
carrier nodul ation nmethods are described in further detail in U S Pat. No.

5, 677, R/ 51687359\ WEs036 0944 80 7R6rd USR @A /NuL 3&38 0BY | isqlcidb e, Aog)and nay

be useful in the present invention, and therefore, that patent i's’ herein

[ | j : I . t .1 dat nb f
nccunpt Ao LT B Plch L FIERY S HeRR e ER B P BB s s hown

in FIG, 2a, and FIG 2b. .The equjprent jn the prototype for 5 the preferred
enbodi MERISSFIRef YRR QﬁP“‘?‘H’i?eﬁfﬁ‘gﬁﬁPﬂafﬁt%mﬁ?% tﬁpélq‘z% ety thapfrehot h

standard and proprietary nature and include: four |oops of three pair,
221Gauyeetuldndihpigsent invention,

Exemplary uses of wireless impulse radio systems are described in U.S. patent
application Ser. No. 09/332,502, entitled, “System and Method for Intrusion Detection
Using a Time Domain Radar Array,” and U.S. patent application Ser. No. 09/332,503,
entitled, “Wide Area Time Domain Radar Array,” both filed on Jun. 14, 1999, and both of .

15 which are assigned to Time Domain Corporation. Methods and techniques described in
these patents are useful in the present invention, and they are incorporated herein in their
entirety by reference.

It is often desirable when building wireless impulse radio receivers to include a sub-
carrier with the baseband signal to help reduce the effects of amplifier drift and low

20 frequency noise. The sub-carrier that is typically implemented alternately reverses
modulation according to a known pattern at a rate faster than the data rate. This same
pattern is then used to reverse the process and restore the original data pattern. These sub-

carrier modulation methods are described in further detail in U.S. Pat. No. 5,677,927 to

35



tw sted pair (TTP) underground cable 260, 260", 260", 260"', arbitrary wave
generator 200, inpedance matching device 210, wire wap franmes 220, 220",
di f f erenwpabosppolee 230, and conputer prograns for prepcant2013%i3s18
processi ng received data signals are used. 10 This cable 260, 260', 260",
260"" is typical of the type used by phone conpanies. The cables 260,

260", 260", 260"' range in length fromapproximately 1,740 feet long to

over 5,/0Q:beet all atbmay beudeiilah the presegt mvedticabidtheRbtre, theOpaterR69", 260"
avai | abl e through cross connections exceeds 14,000 feet. The equi pnent in

t he pr?fgf’eﬁ%%oé%&at@d‘inaéntﬁfétgﬁ"}?e hadi nent of the.present 15 invention is

shown and 1 nclude arbitrary wave generator 200, 2,500 feet of

RG 58 (50 o¢h coaxi.al, cabl e 25 and. di gi t al aosphar. cilloscope 240.
The TTP cablb@lseg vesaee & hwger chisgingns pt Py RRPL AN TP E o,
different entrances to ensure no cross-radiation between transm ssion and
r ecept iteating Eheirormeentan shavorinifFGa2a gisl K& 2hai THeregsipmgnt & heapoiob®g 01 nost

t el ephone conpani es. The 20 cables 260, 260', 260", 260"" are grounded at

t hest r aRspiefeledRnodithént of thedréshiidveition sk shood it FIE@Eaee af ot e gr ound.
The transm ssion generator is a Tektronix AWG 710 Arbitrary Wave Generator,

rat Zbéﬁfﬂ%%mtg%ﬂﬁ 53@&%@5%%@%%%%%%5&%%%%* ’F‘%%"%?%gﬁ e “Ie
4 T [ [ ' 2
ek | GV AN BV A gENeP B0 or % vaReD) 98 ER RS [ eceive

oscilloscope is a Tektronix 7404 Digital Phosphor Oscilloscope. The scope
i s cap&PDgngiedsmephateljng tevice 110 miveswep fpmss Bgmoat%ff@ﬁnﬂﬁéﬂ@‘&)%é)ﬂ s over
4 5 GHz. There are |limtations of the scope specifically associated with

t he sanpkco@ph@t Sroghis fofyRIBhEposthRoseeipg rarbrdidasaiglats @t ugSD pi coseconds
(4 GSanmp/ Sec), the output of the

10 This cable 260, 260°, 260°°, 2607 is typical of the type used by phone

companies. The cables 260, 260°, 260, 260°** range in length from approximately 1,740
feet long to over 5,000 feet long. The totally length of cables 260, 260°, 260°7, 260"
available through cross connections exceeds 14,000 feet.

The equipment in the prototype for an alternate embodiment of the present

15  invention is shown in FIG. 2b and include arbitrary wave generator 200, 2,500 feet of RG-
58 (50 ohm) coaxial cable 250, and digital phosphor oscilloscope 240.

The TTP cables 260, 2607, 260°°, 260°** are terminated in our lab from different
entrances to ensure no cross-radiation between transmission and reception. The
termination is a typical mainframe wire-wrap used in most telephone companies. The

20  cables 260, 260°, 260°°, 260° are grounded at the transmission end to a dedicated ground
rod to ensure a pure ground.

The transmission generator is a Tektronix AWG-710 Arbitrary Wave Generator,

capable of generating analog pulse trains from digital information at the rate of up to 4
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generator. In order to sanple at this rate, we currently sanple at 50

pi coseconds (20 GSanp/second) and decimate the signal by a factor of 5.
The gené¥QeiBd9IBMla pul se train is acconplished usi ng BCTORMOHatIsoh of

Mat Lab and 10 C prograns. The binary information is nodul ated into pul se
positions using a Croutine, and the resulting pulse train is generated in
Mat Lab. The pulse train is transferred via File Transfer Protocol (FTP) to
t he gerdliancamples per soomd @<FSamp/ses).t ke geneatertiveapablgred deliveringap 9 se train
over the transm ssion cables, the scope captures the pulse train

t r ansm ek PBakdidtheals ATRS biraeviditllof ehel depbrator apduer €.26@H e Mat Lab machi ne for
post processing. The 15 synchroni zation of the pulse is currently

st_proces 5 synch L . currently -
pul oo & 1 ow TeaPRLHeeLBREH P TpRRhit T4 ORRIPIASHRE QIR TIR 2 Ton

pul se provides for the determnation of_the beginnj of the | se train.
Al so, RRPS i5 CPRRNISR: BMPIRE S Coah P%i?hﬂﬂj@ﬂgwﬁfé%‘)ﬁfﬁgﬁ?@%f PELR of

modul at ed pul ses containing the data further refines the synchronization
of the Qit.sEhere aenlim2@ionk f thewseencopscifiaally assesintechvih thestampdiaaaate o Feo
generate, nodul ate, receive, and denodulate a wide variety of pul se shapes

and delck¥@aplcy 8% schihd &ﬁﬂétrk@m?léfm 86 picsdcseds (@aFBeip/Sdthebufpueoibaci es,
etc., in order to successfully transmt and receive pul ses over the entire

3‘7’”bvxb”%%6%%%8-2%3%@3%@5;%%&%%%@%3“6‘%%6"5‘3‘?%‘ %%’#ﬁf?fe@%i%‘gsﬁ&%ﬁ?&gﬁ n e
CAT [ [ .
Sl 1 SR RO DR RER VPRt B B 2 and FIG | 2b,  tLhe | nvent or s

have built a nunber of proprietary boards to filter and anplify the
Lransm t 1 ed Bhedeneoton et Bulss trals dosomphshed using msewbinapien pbMakakatst 1 he
arbitrary wave generator 200 and digital phosphor oscilloscope 240. The
ar Qot r @ yropeanes. JBRA IR infothGiohas mpkiniaRkdfito @ate pbadonpasindiClrabting, ogr ans,

and

and the resulting pulse train is generated in MatLab. The pulse train is transferred via File
Transfer Protocol (FTP) to the generator for transmission. As the generator transmits the
pulsé train over the transmission cables, the scope captures the pulse train transmission and
saves the pulse train capture to the MatLab machine for post processing. The

15  synchronization of the pulse is currently established by manual inspection and is
accomplished by placing a single pulse a few microseconds ahead of the pulse train. This
synchronization pulse provides for the determination of the beginning of the pulse train.
Also, the inclusion of an additional timing pulse in the stream of modulated pulses
containing the data further refines the synchronization of the pulse train.

20 The inventors have used this test scenario to generate, modulate, receive, and
demodulate a wide variety of pulse shapes and derivatives, PN coding schemes, pulse

center channcl frequencies, etc., in order to successfully transmit and receive pulses over

the entire combined length of cable at data rates that exceed state-of-the art Digital
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filter and anplification boards have al so been connected to a live |oop
exceeding 17,000 feet at a rural |ocal tel ephone company. This environnent
had ot havo t@chkmabpgi es operating 10 in the sane _b| nder pgt@soos0EIsyeli ng,
Asymmetric Digital Subscriber Line (ADSL), Elastic Ethernet, and Plain Ad
Tel ephone Service (POTS). Pul ses of the present invention were transmtted
and successfully received over this loop at a data rate nearly one order of
magni t uebsceiberdrine HASLY dnel Crbdxt TRC ATEObleagydeptietRibyieapbhcBltRo | N
addition, the inventors have successfully tested over_other_nedlunsbsuch as
15 wate b m .ic car bodies, etc. The present invention may be
configu?ggmgg.Jgghgﬁiﬁde variety of network topologies. The follow ng

chart includgs t o ot.limted to, the follow t opol ogi es whi ch may
be confi gure f’}dﬁﬂfb&o‘@,’e lcpe&u'm%-s%%‘ﬂh’tfﬂgr 5%%%@3’& &SHQV@F%RM‘@

NET TOPCOL DEFI NI 'TI ONS SW TCHED ACCESS NETV\DQKS Tel ephone Tel ephone
Si ngl e THEamumber pf preprietary hoaplsdo ilfeearideranlify thestemsBHARERJIAGEESE NETWORKS
38 WD 2003/ 094461 PCT/ US2003/013818 Cable TVSingle Interface / User Cable
TVM t i sigral imender mdamprdvelgeefbrimwe of tieeBitrag) Watd eRbhar @00 okl Al Bpver
LineMultiple Interfaces / User

phosphor oscilloscope 240.

The arbitraty wave generator, digital phosphor oscilloscope, MatLab programs, and
filter and amplification boards have also been connected to a live loop exceeding 17,000
feet at a rural local telephone company. This environment had other technologies operating
10 in the same binder group including, Asymmetric Digital Subscriber Line (ADSL), Elastic
Ethernet, and Plain Old Telephone Service (POTS). Pulses of the present invention were
transmitted and successfully received over this loop at a data rate nearly one order of
magnitude faster than the best DSL technology currently available.
In addition, the inventors have successfully tested over other mediums such as
15 water pipe, metallic car bodies, etc.
The present invention may be configured to use a wide variety of network
topologies. The following chart includes, but is not limited to, the following topologies

which may be configured in loops, or point-to-point, or a combination.

CHART 3
NETWORK TOPOLOGY DEFINITIONS

SWITCHED ACCESS NETWORKS

Telephone Single Interface / User
Telephone Multiple Interfaces / User
SHARED ACCESS NETWORXKS
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LANSi ngl e Interfaces / User
Interface / User

LANMul tiple Interfaces / User
BUSMul tiple Interfaces / User

BUSSI ngl e
HYBRI D NETWORKS Any

Conbi natyOHP444%| ephone, Cable TV, Power Line, SinglRCY/B$WPIHSS User

Wrel ess, LAN, PAN, BUS Any Conbi nation of Tel ephone, Cable TV, Power
Line, Multiple Interfaces / User Wreless, LAN, PAN, BUS The present
invenﬁrigon' s network topol ogi es may be, confi gured }o use a wde variefy of
medi ufn€ablerI¥ r ansporting data. The f ol PivaledaierRen1UsSEc| ndes but is hot
linmtedable,TVhe follow ng nedi uns: 3pMBiHeberednolseCT/ US2003/ 013B18
CHART 6,4 BANREORT VEDI UMG GUI'DED MEDI [ BMagikahegheneUsy sted Pairs (TTP)
Coaxi ¢, Rl Fe Multiple Interfaces / User

LAN Single Interfaces / User

LAN Multiple Interfaces / User

BUS Single Interface / User

BUS Multiple Interfaces / User

HYBRID NETWORKS

Any Combination of Single Interface / User

Telephone, Cable TV, Power Line,
Wireless, LAN, PAN, BUS

Any Combination of
Telephone, Cable TV, Power Line,
Wireless, LAN, PAN, BUS

Multiple Interfaces / User

The present invention’s network topologies may be configured to use a wide variety

of mediums for transporting data. The following chart includes, but is not limited to, the

following mediums:
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CAT-5 Wring Power Lines (Long D stance Power Distribution) Power Lines
(.hi-Building) Metallic Pipes Railroad Rails Drill Stem H ghway Rebar

Vehi cl e woamsdssBodi es (1 ncluding Cars, Trucks, TankspcArupbmmassis Tanks,
Cranes, Etc.) Mssile & Rocket Bodi es Metal Desks Desks & Benches Wth
Metallic Bus Strips (Including Woden Desks, Kitchen Counters, Lab Benches,
Etc.) Conpute Device Backpl anes Narrow Band Si ne-Wave Carriers QOperating
Over Cui ded Mediunms The present invention' s network topol ogi es may be
configured to use a wide variety of directions and nethods for
transpof gy fata. “The TolTowng chart imctudes, but s Tot—5 timtedjto,

t he fol ds: CHARTS5 TRANSPORT DI RECTI ONS, METHODS
TRANSM [S HRECH Fp-ex Ore—directien—only—Half-Duplex -

TT \ AW \_JlllrJl 7

Bi-directional, one direction at a tinme. Full-Duplex - Bi-directional | both

di rect i oHYTREDIMEDIEMS ti me. The upstream and downstream directions mTy be
symmetrlical, or asymmetrical in bandw dth. 40 WO 2003/ 094461

PCT/ US20D834181b38 I&visted Pairs (TTP)

Coaxial Cables

CAT-5 Wiring

Power Lines (Long Distance Power Distribution)

Power Lines (In-Building)

Metallic Pipes

Railroad Rails

Drill Stem

Highway Rebar

Vehicle Frames & Bodies (Including Cars, Trucks, Tanks, Airplanes, Tanks, Cranes, Etc.)
Missile & Rocket Bodies

Metal Desks

Desks & Benches With Metallic Bus Strips (Including Wooden Desks, Kitchen Counters,
Lab Benches, Etc.)

Compute Device Backplanes

Narrow Band Sine-Wave Carriers Operating Over Guided Mediums

The present invention’s petwork topologies may be configured to use a wide variety of
directions and methods for transporting data. The following chart includes, but is not

5 limited to, the following common methods:

CHART 5
TRANSPORT DIRECTIONS, METHODS

TRANSMISSION DIRECTIONS

Simplex — One direction only.

Half-Duplex — Bi-directional, one direction at a time.

Full-Duplex — Bi-directional, both directions at the same time. The upstream and
downstream directions may be symmetrical, or asymmetrical in bandwidth.
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METHODS FOR ACCOVMODATI NG MULTI PLE USERS / DEVI CES Synchronous Ti ne
Di vision Miultiplexed Asynchronous Tine Division Miltiplexed Code Division
Mul ti pl WeetHpsdtlency Division Miltipl exed SPECI FI C TORGVCR20ER13818st M | e”
Access Network Topologies - FIG 3 illustrates the preferred 5 enbodi nent
of the present invention is configured as a Public Sw tched Tel ephone

Net wor k (PSTN) topology without any internediate field electronics, such as
a Digital Loop Carrier (DLC) 400 as shown in FIG 4. The present invention
depl oyjed on a PSTN may operate a single private nultipl exed downstregam and
upst r MEDTHODE BOR, ACCOMMODATING MUOLTIRLEVASERH G EVICESs and upstr¢ans of
pul se§. 10 The PSTNis a circuit switched network, which is normally

acces§&d, B ohSilsCRRR TR vision Nt ghone SySTens, —privare brancti—exchange
t runkganmdda aar TeTgeTTE Lafp?ézﬁ%.e cHretit-——between—the—eaH—or+giraf or and

call 1 pn - form
of di ICOIéQIIH@@O&M%PEP@drequenCV tones. FEven though |ong distance
carri ¢dsequenayrAivisyorobkiitgilexddi ber optic networks, the Local Exchange
Carriers (LEC) and 15 Conpetitive Local Exchange Carriers (CLEC) are the

primary "l asprrge’ Tbbokodgykch is generally tel ephone twisted pair, to
the honme, or business. The preferred enbodi nent of the present invention as

shown in Fl »a, 1 C PSTN ol onf.i gured wi t hout

any inter nec%‘%ﬁ%ylf? eé}ccf\égﬁ@%?”ro%fg Oloﬁﬁ%nﬁ@mgﬁh‘ﬂﬁ@ Jﬁ‘?ﬁ g?? a nul tipl exer
1700, which may al so be referred to as a UWB unit or 20 tel ecomruni cations

i nt 2r f seBodAen! of the prasertinwngion és configed as aRublis Switckes Bdephioset he t ol |

adm nistration office that connects the LEC, via transm ssion nedi um 300,

whi ch hagwirk (BITMOIPORE) 08661 arRGiteiSARB ARIBA&Bronics, such as a Digital

Loop Carrier (DLC) 400 as shown in FIG. 4. The present invention deployed on a PSTN
may operate a single private muliiplexed downstream and upstream of pulses, or a plurality
of private downstreams and upstreams of pulses.

10 The PSTN is a circuit switched network, which is normally accessed by telephones,
key telephone systems, private branch exchange trunks, and data arrangements. The circuit
between the call originator and call receiver in a PSTN is completed using network
signaling in the form of dial pulses or multi-frequency tones. Even though long distance
carriers generally operate fiber optic networks, the Local Exchange Carriers (LEC) and

15 Competitive Local Exchange Carriers (CLEC) are the primary “last mile” link, which is
generally telephone twisted pair, to the home, or business.

The preferred embodiment of the present invention as shown in FIG. 3 is a typical
LEC PSTN network topology configured without any intermediate field electronics, and
with the addition of a multiplexer 1700, which may also be referred to as a UWB unit or

20 telecommunications interface and is shown in Figure 17. The tandem office 305 is the toll
administration office that Vcon_nects the LEC, via transmission mediwm 300, which may be
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fiber optic cable, a wireless system etc., to other LECs through |ong

di stance Interchange Carriers (IXC), Internet Service Providers (ISP,
Appl i catwonoSepusce Providers (ASP), to peering point eCTAISbD3A33810UL not
limted to another conputer, a server farm and data reverberating over a
network. The tandem office 305 is connected to one or nore Central 5
Ofices (CO 310 via the underground plant 315. The underground plant 315

usual | yfib&g @Bt site, of wirélassspeten, sRditaothesLEDs tsoughdbng distancerittendhdnge i ber
optic lines for the transport of nultiplexed, digital data streans. CO 310

s the syitehiee) 16y oA RIS SSrvidPr5AabeeALPRR POI Nt
for anyé%dgkl%ng p’)%gtg%l%% %éerg{_cﬁg}(?‘gh‘%ggrsa ’i%@ﬂcsuch as ,c blﬁt not ‘%I [ n?t ed to a
Digital 1Q Subscriber Lines, Acce Mul tiplexer (DSLA tc, ,The DSLAM 311
gener atREErNE RYGEH %‘icggf',s’l—l?"}té’ﬂg 1@,3 %ﬂ}?@%&@?’@%@%ﬁ“@%ﬂ% aiq 42ty f  om the
Main Distribution Frame (MDF) 314. The CO 310 al so houses the switching

gear 3I8vérberatemprariinetverkr dibettandeeaffiee 203 insongctaddpone g5 twieFentadnd t he
MDF 314, which is the main termnation block for all of a LEC s tel ephone

tw gt edDffks CO T @RtRhthdevdrbinddlag 318. Theuerdromal plant Pdiwstallp for the
present invention's nultiplexer 1700. This equi prent generates, nodul ates,

transmts,. I,vess:Si g t : t ]_l\@%[- : I

connect & 2\519 f(% %? Héﬁs@%lat_xﬁgde@hv%’lgch?a 3@@% ?lggllu]é{tgﬁﬂ ![B ?% n'n ec'? vi%? E@%gf&\%ﬁ?@ h are

t el ephone tw sted pai rouped together in binders of 25 or 50, Junctor
Wre | ritfepyliplexeds lﬁiea@ EYGHES: 340, and pedestal (s) 350. JWC 340 is a
mechani cal cross-connect 20 cabinet that connects the tel ephone tw sted
pairs com ngCOBdMiMDE s@itghing ceimter foathedul€C. Bbeleét Hilsis tEpco-lpcatigropaiel

di stribution network 335 in a LEC s network. Pedestal 350 is a junction box

wher e qUs&BBSL. dq@ipmedd thell ECiesparataipe shichras sout mei hied kooDigitalist omer  dr ops
355 are telephone twisted pairs fromthe pedestal 350 to the interface

12 80 BrEEb s A DU BERG TR O TRUHSLARIS FUSiRNE, < Dulding

modulates, transmits, and receives DSL signals to and from the Main Distribution Frame
(MDF) 314. The CO 310 also houses the switching gear 313 for completing circuits
between two, or more customers, and the MDF 314, which is the main termination block
for all of a LEC’s telephone twisted pairs. The CO 310, will also be the co-location point

15 for the present invention’s multiplexer 1700. This equipment generates, modulates,
transmits, and receives signals to and from the MDF 314.

MDF 314 is conneéted to the end-user via feeder distribution network 335, which
are telephone twisted pairs grouped together in binders of 25 or 50, Junctor Wire Interface
Cabinets (JWIC) 340, and pedestal(s) 350. JWIC 340 is a mechanical cross~connect

20  cabinet that connects the telephone twisted pairs coming from MDF 314 to the various
pedestals 350, via feeder distribution network 335 in a LEC’s network.

Pedestal 350 is a junction box where customer drops 355 are terminated in a
neighborhood. Customer drops 355 are telephone twisted pairs from the pedestal 350 to

the interface device 361, which can be located inside, or outside a customer’s building
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360. Interface device 361 can be equi pnment, such as, but not limted to, a
codec 1800 shown in FIG 18. The LEC described in FIG 3 will continue to
oper at e WOPHEPINGE ce, nedia, and data services over tPEI’ESH8I0EB18. Local
voice traffic will continue to be switched, and packets 5 of nedia and data
will be handled with existing, or future systens and protocols such as,

but not limted to, Integrated Services Digital Network (ISDN), DSL,
Asynchri$fio lngerfaeaieyice 36iisae b¢ aquipmerinaich gs,ctiaet litritethiont sedesrd 88dnt r ol
Protocol /Internet Protocol (TCP/IP), etc. The present invention provides a
pr ot ocho@Ath BKRII8M agnostic carrier that can be enabled to carry any form
of digital voice, nedia, and data transm ssions, such as, 10 but not
imted to. rHEPaaRaKel f b Yhifl 30fRe ) Gperfe RAGM dioPRRUACA dafa DI NG

devel oped for the comerci al deploynen I'sS system known as

Li ghtwaves Data , Link protocol (LDL and is.described in detail Jater in
EhPs. G oeTaEn Yo FHaY HEiPRI| Eogh vOige Bie ARl R eRets pevich e it Bebelsul oo
transm ssions at, or below the noise level, of the LEC s network. 15 Once
i nsibde dfmiedii and d3BOVilhbayhandledavittaedstingner mrse systansyst ratocela suddeaspui | t
using pul ses transmtted over tel ephone twisted pairs or electrical wring.

| n or deyut h& lidikddaw Entepnged Séfvans Migsl Notvelirs (ISDies DL, heywhratota rates from
the CO 310, over-sanpling techniques such as, Cyclic Redundancy Code

(CRO), - r g% Cirl giob@ 1 Nsure an
ccopt AL AIVEL Aok Bk e B Ponftp EprolEBIREN U A &

enbodi f the, present. invention,is configured as a Public Sw tched
Tol ophOREPABL gl T HESSARR H IO T PIREy LTS ERcteeticdrtsier L
electronics in the forma Digital Loop Carrier (DLC) cabinet 400. This

net wor kat bpenablpd to garry hey formsd shigitahveins inagdiarapd dplerranemigsionhigheh ass i vat e

mul ti pl exed downstream and upstream of pulses, or a plurality of private

dowost e liaitkdupsSTCRAPPackespAITSE Sraméd) @icd 3A ¥ c2AOF0RREHE being
PCT/ US2003/ 013818

developed for the commercial deployment of this system known as the Lightwaves Data

Link protocol (LDL), and is described in detail later in this document. The multiplexer
1700 in the CO 310 will generate pulse transmissions at, or below the noise level, of the
LEC’s network.
15 Once inside building 360, high data rate Home PNA-type systems can be built

using pulses transmitted over telephone twisted pairs or electrical wiring.

In order to achieve longer transmission distances at lower data rates from the CO
310, over-sampling techniques such as, Cyclic Redundancy Code (CRC), and Forward
Error Correction (FEC), etc., can be used to insure an acceptable Bit Error Rate (BER).

20 FIG. 4 illustrates an alternate embodiment of the present invention is configured as
a Public Switched Telephone Network (PSTNj topology which includes intermediate field
electronics in the form a Digital Loop Carrier (DLC) cabinet 400. This network topology
of the present invention may operate a single private multiplexed downstream and

upstream of pulses, or a plurality of private downstreams and upstreams of pulses. The
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pul ses are hi gh nunber base encoded, and are near, or in the noise range of
the transm ssion on a network, which nay be running voice, video, and data
traf fi c w0 2nesz20984610t her t han t he pul ses of the present piovesmesanssighe PSTN
is acircuit switched network, which is normally accessed by tel ephones, 5
key tel ephone systens, private branch exchange trunks, and data
arrangenents. The circuit between the call originator and call receiver in
a PSTN pdssseiphghetinibet baseratodetd kandsdre dedr) ¢rdn ithe ddig hagawfthe di al pul ses or
mul ti-frequency tones. Even though Iong di stance carriers generally

oper at ey f iRk APLA En&@\ﬁo‘f’ﬁ’r ch I3 b!?‘ &@R}Eﬁocﬁ{drda%{ﬁa{ﬁl;% )m‘%ﬂg
A m |

Conpetitive Loc Exchange rri are the primry

l'i nk, vvhchls 10 | | netvmsted pair, to the hone or

busi nes® e’ﬁi‘?‘%ﬂ’gl “gﬁﬂ f@“‘ éﬁ%ﬂ%lﬁg 1%t the present invention is a typical
LEC, as shown in FIG 4, with the addition of an nultiplexer 1700. The

t andem of f i cBhe@BSTNgs ¢ piscuibswitched meiwosleratitlois normalheacchssed by ieleRfioses.he LEC

via transm ssion nedium 300, which may be fiber optic cable, a wireless

systsem kegtielephdie s9tib@s, prifase bilihichglohirpodreks tad detalanhesahang eTldcifcalt | er s
(I XC), Internet Service Providers (ISP), Appl ication Service Providers

(ASP), l#e@weéﬁetﬁé AL 019%51%? and g%preﬂéivertwta PN Isic V\%ﬁ%ﬂe& %]legﬂét@gi: k conmputer, a

server farm an dat rever berating over a net em of fi ce 305

tdt Central, . Of 310 th d round
o ant 3ig aﬁﬁ%&%ﬁ%@ﬁﬁéﬁmﬁrr@g Ry Tk IPEABRGE Sfrad um

such as, but not |limted to, fiber tic I|nes for the transport 20 of
mul ti ploaséats getiegllyaepeerie fiber m.:ér@m@tw -310lgcal Enehangs Cotieny(lddntaad for the
LEC. The CO 310 is a co-location point for any DSL equi pnent the LEC is

oper at i Ggnpaitich 1asal Excham@d Crtisist(EUEQ) afe 1B ghitnaty ‘Tedd aaile’ ik, whichés Access
Mul tipl exer (DSLAM, etc. The DSLAM 311 generates, nodul ates, transmts,

34 o S04SR R ok Bl g Attt B stribution Frame (DR =14

This alternate embodiment of the present invention is a typical LEC, as shown in
FIG. 4, with the addition of an multiplexer 1700. The tandem office 305 is the toll
administration office that connects the LEC, via transmission medium 300, which may be
fiber optic cable, a wireless system, etc., to other LECs through long distance Interchange
15 Carriers (IXC), Internet Service Providers (ISP), Application Service Providers (ASP), to
peering points, such as, but not limited to another computer, a server farm, and data
reverberating over a network. The tandem office 305 is connected to one or more Central
Offices (CO) 310 via the underground plant 315. The underground plant 315 usually
consists of transport medium, such as, but not limited to, fiber optic lines for the transport
20 of multiplexed, digital data streams.
CO 310 is the switching center for the LEC. The CO 310 is a co-location point for
any DSL equipment the LEC is operating, such as, but not limited to a Digital Subscriber
Lines Access Multiplexer (DSI.LAM), etc. The DSLAM 311 generates, modulates,

transmits, and receives DSL signals to and from the Main Distribution Frame (MDF) 314,
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CO 310 al so houses the switching gear 313 for conpleting circuits between
nore custoners, and the MDF 314, which is the main term nation
bI ock f(WOéqOP/O%'F‘G]a LEC s tel ephone twi sted pairs. Thi BCBYS2093p1318
generates, nodul ates, transmts, and receives signals to and fromthe NDF
314. 5 The MDF 314 sends and receives nultiplexed, digital data streans to
and fro tflg Dlélg 400 vi a, t he under round Iant 315. The Digital Loop
Carri eerlﬁ_ ylsedtyustsehe swiichang aepr 8 Eii@’érclf\ﬂl]&g beswWerdy W, 8EIPSut | on
network 335, which are tel ephone tw sted pai rs grouped together in binders
of 25 osusB@yers] and ther MH El 4, mthéohfiade rahiteretisatichWl &k 3481) of abBCpedest al (s)
350. DLC 400 is a piece of internediate field electronics used to increase

10 the pRyBhRawisi@PsdlrO T &ftipibde gfflates nddiANa], fdndndid bl falivgonverter,
and nmul tiplexer for' traffic comng froma custofer's building 360 back to

t he Cos:f;én tl)%n&tﬁ% g%ﬁ;rﬁgt of the present invention, the DLC 400,

serves as the co- a ifon”poi'nt for the present invention's multiplexer

1700. JWC \\jﬁg‘t@ a mach ni cal cross-connect cabinet that connects the
t el ephone t ¥ &‘o%ﬁdrfécerwft?ﬂm@ﬁﬂieﬁ% digitef fala yiipanen e ape s ties 350,
15 via feeder distri but| on network 335 in a LEC s network. Pedestal 350 is

a j unctillod 480 xiathe nadapgsuodplantd Hp sTIRABigitnlel dopr Garriat @4.C)M08 arqei ghbor hood.
Custoner drops 355 are tel ephone twisted pairs fromthe pedestal 350 to

the i ntcﬂhﬁéﬂ&ﬂ 18l QM ief8-udbrlvia YRRIE SR Buith ARGBHIES S| %Tﬁdiiledre Rlep QhSHASeR

custoner's building 360. Interface device 361 can be eqU|pnent such as,
A "o Rt B oo ERRESBES o AR T e B e
SRR S (N IR AR RO Free. syet ens
and protocols such as, but not limted to, Integrated Services D gital
Netl@or ithe pisBg] remst of AEPnDRCoHISLIS av Bnaley ROMBitAPeAGAteRGHA USAGHBLA 13818
traffic coming from a customer’s building 360 back to the CO 310. In this embodiment of
the present invention, the DLC 400, serves as the co-location point for the present
invention’s multiplexer 1700. JWIC 340 is a mechanical cross-connect cabinet that
connects the telephone twisted pairs coming from DLC 400 to the various pedestals 350,
15 via feeder distribution network 335 in a LEC’s network.
Pedestal 350 is a junction box where customer drops 355 are terminated in a
neighborhood. Customer drops 355 are telephone twisted pairs from the pedestal 350 to
the interface device 361, which can be located inside, or outside a customer’s building
360, Interface device 361 can be equipment, such as, but not limited to, a codec 1800
20 shownin FIG. 18.
The LEC described in FIG. 4 will continue to operate normal voice, media, and data
services over their network. Local voice traffic will continue to be switched, and packets

of media and data will be handled with existing, or future systems and protocols such as,

but not limited to, Integrated Services Digital Network (ISDN), DSL, Asynchronous
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Transfer Mdde (ATM, anal og codec, Transm ssion Control Protocol/Intemnet
Protocol (TCP/IP), etc. Protocol and system agnostic carrier of the

pr esent way@sibael can be enabled to carry any form of pdirgista@boysige,

- nedia, and data transm ssions, such as, but not limted to, TCP/IP
packets, ATM franes, etc. A specific protocol is being devel oped for the 5
commerci al deploynent of this system known as the Lightwaves Data Link

pr ot oc OfrandfeDidbde ATM) sardisarodie d ransmdssia Contat ErotbenlfitiemetBrotermht . The

mul tipl exer 1700 in the DLC 400 will generate transm ssions at, or bel ow

the noic ?ﬁ:ﬁgﬁx o. BlotdBPatdEysRnBEnWaidcan$S O theisedar BibhEinGn 3 Cnaklegh dat a

rate Home type systenms “can be built using pulses transmtted over

DR k3] BP0 AP BTl O i | onoer

over-sanpling techni gues such as, Cyclic Redundancy Code ( and Forward
Error GorTe DWI@FSE%TM diames, aianA BBeCiEGRIoRsol NG d&ﬁelﬁE?fg;gélEﬂ e Bit Error
Rat e (BER). The following is an exanple of retrieving an Internet web page
usi B9 tcbmmpretabdepdsymaenb6thin®sienokndvieasphe §ashitwaves Erta bimkasotetm@dwn in Fl G

3, or the alternate enbodi ment of 15 the present invention as shown in

FIG 4. %ﬁLgsa%d WL ddriBed gi &e@mﬂ‘éﬁ? it (A& dochient ™ haRffeREUNU in the DS to use

their access a web page froma renote server. The client device,

h d P |1
Z)lgtc er ﬁ%opﬂl(gngtra t%‘%éﬁs%’??ﬁ%éfi'cg@ n&gifegao\/\ﬁ% 2’%{5 éqétwgﬂgor yl (r)1{ egr at ed

into a device. Codee 1800 is shown in FIG 18, and in one e gl ment can
be a UWB noderee inodaheildag 360 dighdag e Hpms RE-tesysiape casbiclls. but not

limted to Mcrosoft Internet Explorer 6.0, in order to initiate the

f ol | owinehgspelRs tidunsnitvsdild vér Ghephond twistbe paireepdleoadcal oriiomnect to the renote
server using a standard client-server architecture, using a codec 1800, as

RO e SR gl S it
foll OWI4B8 over%émppngp c 01911:1)’6:3 s%c as, Cyclic Redundancy Code (CRC), and Forward
Error Correction (FEC), etc., can be used to insure an acceptable Bit Error Rate (BER).
The following is an example of retrieving an Internet web page using the preferred
embodiment of the present invention as shown in FIG. 3, or the alternate embodiment of
15 the present invention as shown in FIG. 4. A user with service over their LEC’s switched
network wishes to use their PC to access a web page from a remote server. The client
device, such as, but not limited to a PC, is connected, either internally or externally to a
stand-atone codec 1800, as shown in FIG. 18, or integraied info a device. Codec 1800 is
shown in FIG. 18, and in one embodiment can be a UWB modem.
20 The PC uses Internet browser software, such as, but not limited to Microsoft
Internet Explorer 6.0, in order to initiate the following steps that would generally be
required to connect to the remote server using a standard client-server architecture, using a

codec 1800, as shown in FIG. 18, for access to the Internet over a LEC’s switched network,

through an Internet Service Provider (ISP) in order to retrieve the following file:
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PCT/ US2003/ 013818 http://wwv. dl bl i m ted. com about DLB. ht m The br owser
breaks the Uniform Resource Locator (URL) into 3 parts: ~ The conmuni cati on
pr ot ocolwW® 200389448ed: Hyper Text Transfer Protocol (HITR)T/UE0dhesssrver nane
to be accessed: (ww.dlblimted.com) 5 4 The requested file: (aboutDLB. htm
The PC s communi cation software creates a data packet using TCP/IP stack
prot ocol The PC s comruni cati on software encapsul ates the TCP/I P data
packet Ltip:/Rowvwtdiblanitébeon/aboutDbBditm( PPP) , which is an established standard
for the assignment and 10 nmanagenent of |P addresses, asynchronous

(start/ st op)THRNFoREd: bRake He@hifoRi TEIbROE LacARCRIEY ifitol 0phrtsNet wor k pr ot ocol
mul tiplexing, link configuration, link quality testing, error detection,

negot at i on andharat bRl BeRaR iR S TR BT T3 o

packet encapsulated in PPP to a codec 1800, as . 15 shown in FIG 18, which
is a full-ddpl eke graveraameitp by peressed e dlimitedt@mecei ve di git al

i nformation over twi sted tel ephone pairs. The PC can be transmt TCP/IP
dat & packet £ oVhe regquested fllei tapowdDLBitim)ds to the codec 1800, as shown in
FIG 18, including but not limted to | ocal and external buses such as

Per i pher a%” S‘Hgf’g%‘smc ’ Rl GRO &6 FwhfeChieatef Y FALE PackeOouslizdwe Py $QciSt andard

Archi t ect ernet, Infiniband, Universal Serial Bus (USB),
serial or par atl I @I , 802.11 wireless, Bluetooth, etc. The codec 1800, as
shown in FPEYY may be stand alone or integrated into another device. The
codec 1800, as shown in FIG 18, converts the byte information contained in
t he data padibetPG’ aeemmupisaii sfisvateencppivdaies thed Gl 1Ridata pasketgnPosd-ton a
manner that 47
Point Protocol (PPP), which is an established standard for the assignment and
10 management of IP addresses, asynchronous (start/stop) and bit-oriented
synchronous encapsulation, network protocol multiplexing, link configuration, hnk
quality testing, error detection, and option negotiation for such capabilities as
network layer address negotiation and data-compression negotiation.
& The PC sends the TCP/IP data packet encapsulated in PPP to a codec 1800, as
15 shown in FIG. 18, which is a full-duplex device, in order to transmit and receive
digital information over twisted telephone pairs.
£ The PC can be transmit TCP/IP data packets over a plurality of methods to the
codec 1800, as shown in FIG. 18, including but not limited to local and external
buses such as Peripheral Component Interconnect (PCI), Advanced TCA, Industry
20 Standard Architecture (ISA), Ethernet, Infiniband, Universal Serial Bus (USB),
serial or parallel, 802.11 wireless, Bluetooth, etc. The codec 1800, as shown in
FIG. 18 may be stand alone or integrated into another device.

£ The codec 1800, as shown in FIG. 18, converts the byte information contained in

the data packet into time delays for pulses, modulates the pulses in a manner that
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WD 2003/ 094461 PCT/ US2003/013818 is conpatible with the LEC s tel ephone
twsted pair, and serially transmts signal pulses over the LEC s swtched
net wor k wie 2e03mbidsnded noi se-li ke signals. The CO 310 orchhS2403@15msses a
mul ti pl exer 1700 that converts the PN coded noise-like signals containing
data resulting fromtypical Internet usage back into 5 bytes, the bytes
into individual bits, then nodul ates and signals the bits onto the packet
networ k for iseoinpiiblé evii NsERECS tklephonkytpistal pdinted setallysagemitatsignahcl udes,
but is not Ilimted to domain nane resol utions on Domai n Name Servers

(DNS), tr a’}:ﬁ?ﬁeﬁ %'sr%ﬂOQiE@Esoé%ﬁ%e& g%o?l? as 4 Pﬁ%ﬁb@ﬁb@é‘ 1iRE sighaignt environment

i nformation wser-type and version, HITP requests such as "get and-

post" ope at F ests, Post ce, Protocol
(POP3) E- fmi @‘8&@8@?&{@% Obfes ?)F‘Bk’é’i%‘ef i%be @J’r“soélae%?thf’l?te'\}ﬁcﬁjéds central
office when requests such as HTTP, FTP, Telnet, POP3 are fulfilled and

r esponded wndmeddteﬁlmﬁ@n(ag)mgdamgwaultng ﬂmtym@d]i[mgmeﬁuaag¢ bagkdnioon in a
variety of formats including, but not limted to files, streanms, Hyper

Texts Mar Kup ysaRgthd®tes bt adividha s Chen ﬂﬁ)ﬂﬁl@nﬂ@%ﬁ@siﬁﬁﬂﬁﬂie Bifs @ e, Joi nt
Phot ogr aphi ¢ Experts Group (JPEG, Anerican Standard Code for Information

I nt erchange | | pref t

For mat ( PDF)", A%(q): ?\vor ?%trh‘r e dpdesr%]f Eg ou;}/pﬁl ﬂ@meﬁ%’g%@?ﬁt%lﬁnﬁ g{@{;er 3
(MP3), binary, etc, The CO s 310 or, DLC s 4 |.tiplexer converts the
data packet 169‘?%1@1"?%‘8d"?@“ﬂ“ﬁ%e%PE?@%%DWP@mgﬁWQ’@r(biﬁ%y transnits
signal pulses over the LEC s switched network as pseudo-random coded noi se
to the ori gitrmbmissionpd e wsercredias; travbnassiceyelodicet enyviropoent idénodtibat es t he
pul ses, converts pulses to bytes and subsequently bits, to be forwarded to
the PC by nupkelbadwite-tiieant Q¥aiod FETPRWRIss sueh aPtset asd fescopdasbmpove. 48

10 FTP requests, Telnet requests, Post-Office Protocol (POP3) E-mail requests, etc.
E The process is reversed at the LEC’s central office when requests such as HTTP,
FTP, Telnet, POP3 are fulfilled and responded with data packet(s) containing the
requested information in a varjety of formats including, but not limited to files,
streams, Hyper Text Markup Language (HTML), Graphics Interchange Format
15 {(GIF), Joint Photographic Experts Group (JPEG), American Standard Code for
Information Interchange (ASCII), Tag Image File Format (TIFF), Portable
Document Format (PDT), Motion Pictures Expert Group (MPEG), MPEG 1 Audio
Layer 3 (MP3), binary, etc.
& The CO’s 310 or DLC's 400 multiplexer 1700 converts the data packet bytes into
20 time delays for pulses, and serially transmits signal pulses over the LEC’s switched
network as pseudo-random coded noise to the original web page requester.
£ The requester’s codec demodulates the pulses, converts pulses to bytes and
subsequently bits, to be forwarded to the PC by modulating them over the network

or bus as described above.
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WO 20031094461 PCT/ US2003/013818 The PC s browser processes the HTM tags
and formats the web page for display on the PCs nonitor. The PC browser
may i nvOKR2G3PBMI¢l ity of "plugins" to provide additi BEEPSI0HESEWhal ity
and to display data formats other than HTM.. For exanple, Adobe Acrobat to
di splay PDF files or Wndows Media Player for MPEG 5 and MP3 files and
streanms. This entire process may be repeated several times in order to
retrieve & siifdie slhepvsepatpsesses the FERdhitagsomnd dormajpihe v maigg faralispdast a at

hi gh speeds, such as, but not limted to, voice, nusic, video, software,
communi cat e osi thi Pas Bppitérc dihic ®C HewvedraRaPinoukaleplutADPpf “plidife o
conferencing, etc. 10 FIG 5 illustrates an alternate enbodi nent of the

present i nvepbiial addfishdl Mtiwﬁdﬂgﬁgﬂg '@A?n% P)t%@\ﬁ‘f}rdih% O\ﬁ'nvtﬂ?ilﬁcl? may

operate a single, or a plura pl exe wnst reans and

upstreans of |.ses.; JIh | ses. are nu r .bas encoded, are
near, or in%{ E‘glp f?ofiglgbef, §ﬁ%§at§;f’ %{Sﬁi_‘é’yg{tﬁgkﬁgg%ﬁd@ﬁs @eﬁ&%ﬁ%ﬁ? gﬁ my be
runni ng voi ce, video, and data traffic by neans other than the pul se
trafAsm ssi o?gd P} fles andsisragsent i nvention. Cable tel evision networks are
generally categorized by their overall bandw dth, which equates to the

tot al nunbe Thif entitapivetss thdydye repratddrsenaal fimeOndRdersy sétlBke AfiRgledRBi gnat ed
as 330 MHz and 550 MHz. Newer systens are designated as 750 , 860 MHz,

and 1 , oSN bIRF ﬂ?ﬁeéﬁ%i@%@ﬁﬁ@ lat h@ﬁ%g%is{ %Igﬁ b, ®RE hét lg?iﬂéélreco} o

di stribute video, 20 audio, and data sig orfes or

est abl | s that subscribe to.the service.. Systens wth. bi-directional
capabi :"?%r’e I?}gﬂc’a‘i@:@’ PN ‘iong?lﬂﬂcéqt%“’ftﬁ@%w]lc?ﬂé‘ %‘?ﬂ"ﬁ??r l‘iq’ii(‘ﬁgbﬁbhe cabl e
network to a central originating point. CATV distribution systens typically
use | eXideq caplarcacisg. ¢fei | ity pol es owned by a tel ephone or power
di stribution conpany. In areas with underground utilities, CATV 49

10 FIG. 5 illustrates an alternate embodiment of the present invention, and is a Cable

Television network (CATV), which may operate a single, or a plurality of shared

multiplexed doms&eaﬁs and upstreams of pulses. The pulses are high mumber base

encoded, and are near, or in the noise range of the transmission on a network, which may

be running voice, video, and data traffic by means other than the pulse transmissions of the
15 present invention.

Cable television networks are generally categorized by their overall bandwidth,
which equates to the total number of channels they can transmit. Older systems are
designated as 330 MHz and 550 MHz. Newer systems are designated as 750 MHz, 860
MHz, and 1 GHz. CATYV networks use coaxial, and/or fiber optic cable to distribute video,

20 aundio, and data signals to homes or other éstablishments that subscribe to the service.
Systems with bi-directional capability can also transmit signals from various points within
the cable network to a central originating point.

CATY distribution systems typically use leased space on utility poles owned by a

telephone or power distribution company. In areas with underground utilities, CATV
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WO 2003/ 094461 PCT/ US2003/ 013818 systens are nornmally installed either in
conduits, or buried directly, depending on |ocal building codes and soil
condi t i OV 200599846€ er nat e enbodi ment of the present i nvedtryws003m1a818ypi cal
CATV all-coax network, as shown in FIG 5, with the addition of a

mul tipl exer 1700. The Head End 5 O fice 510 is the central originating
point of all signals carried throughout the CATV network that connects the
CATV nelysienis arongmuly ansidlled either inrcanduiiss st mniedwliiecthy, dopsndingwrclocatay be
fiber optic cable, and/or a wireless system such as, but not limted to

sat el | ih@ifingdddde®nd®Al dndRiower s, etc. Transm ssion nedi um 400 may al so be
used to connect to data sources for cable codec custoners through an

[ nternet Ser i i @51 A0 CF SR ARPL ERIGHD, SR 60 R Qiiiy (ASP), to

peering points, such as, ahot"her conpu server

farm and data reverberating. Head End fice 510 i st | tipl exing and
swi t chils§veEnasihopgying é-Wmﬁ@ﬁ%m.ogﬁfﬁ@ﬁmgﬁeréﬁﬁo-o&ﬁ? g}ga‘g@(}dcan al so be
a co-location point for an I SP. The Head End Ofice 510 houses nodul ators
5145t o Qfficeisve 19 thp wentir sepmating pgntoEall sigmls camshihsxighnutiitbe #diim 500, and
generate a high-quality vestigial sideband TV signal for output to a

conbi nektvhdi thitRBRhS the B A LEwHEREL p1OgmaTTRinD &iSeaRhadsich B@uwm 400{ 0 a
single output wth a high degree of 1solation between inputs. The Head End

O fice b L Al e e - i i Nt .far i nvention's
mul ti plngégel}“%%. iEfﬁ?%t%ec&h?pﬁnecﬁ& %%?\rgfreg % S,E%’ rsr%(ajuﬁ%a?&etg& r a%grqét s, and
recei ves data signals, froma custoner, swtc¢hed networks, such 20 as but

not | i fiteHEes and/Aemedinervardciga lzasausaian medifey 409 mayalsp beusedi® not 1 nited
to the Internet. The signals fromthe conbiners 512 are fed to an
anpl i f cennesl ® ddtasoursesdot eable qalies eystinngls tigailgh amitérhetefervibaPrefideo
stabilizes the level of VHF and UHF channel output signals. 50 WO
2008/ 09i#91A pplication Service Provider (ASP), to peering points, such as, but not limited to
another computer, a server farm, and data reverberating.
Head End Office 510 is the muitiplexing and switching center for the CATV
network. The Head End Office 510 can also be a co-location point for an ISP, The Head
End Office 510 houses modulators 514 to receive input baseband signals from transmission
15 mediuvm 500, and generate a high-quality vestigial sideband TV signal for output to a
combiner 512. Combiners 512 are used to combine several signals into a single output
with a high degree of isolation between inputs. The Head End Office 510, will also be the
co-location point for the present invention’s multiplexer 1700. This equipment generates,
modulates, transmits, and receives data signals from a customer, switched networks, such
20  as but not limited to the PSTN, and data packet networks, such as, but not limited to the
Internet. The signals from the combiners 512 are fed to an amplifier 513 that is a low

noise, high gain amplifier that also stabilizes the level of VHF and UHF channel output

signals.
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PCT/ US2003/ 013818 The anplifier 513 sends and receives nultipl exed, anal og
and/ or ital data streans to and fromthe distribution network. CATV
net wor ké"“gﬁ@?’@ﬁ@éi alized systems for transmtting nunBEBUS2008DB8I%| on
channels in a sealed spectrum- rather than a general - purpose

comuni cations medium so the topology of the network is designed for 5
maxi mum di st but| n efficiency, and is called a tree-and-branch

archi tectur e ﬁf‘%r 515rssads ang repaivesmEmdticiexeds endog and/er digitaletdtaover

transm ssi on nedl um 515, which is coaxial cable to CATV node 520. CATV

node 526tréassetommil frodi e distrithition npoidTk. CATY HeATMKs aletsgr iKliZe@ sit8mY @yl OUS
branches that serve small er geographical areas. The TV node 520 relays

si gnal strimsnigingefuntrowditshk [ pedestal s 530,
530", 10 di strnltggfjtl o% atrrp{l}l:SE)’li’lteCP%;hS‘3 ﬁta?gélg& ﬁg%ﬁ%&rgﬁﬁ % a?w a feeder

distrib r-k.5 The resent i nv tlon soa licable to CATV
net wor k g%@g‘@ﬁ@'ﬂ‘:aﬁﬁﬁgn}efiw&‘ 58 15 18Bgto8y Efﬁ eBE‘%"E e§lgﬁF’ §>r545 is

conrsect ed to a jnterface device 361, which can be equi pnment, such as, but
not 3 i Mty distibukipy efisiqncy.cand is eadled whieerand dearichlarhélbbterd. rSigité | di ng 360
may terminate directly into the television receiver on 12-channel systens,

or 15 fremshaticshiied OficoviOres rted dveaRarksiGNANREiSP 1S, Mha ideshyiYDSt
nodern receivers and vi deocassette recorders are cable ready” and incl ude

the necebRAHCLPVYBES SIG CATIGRRIS2H %ﬁamﬁ&%ﬂ% 181’:?@8 %‘@ng”e' s. Systens

providing pay services may require escra her rm of
convert s hone to, all ow the vi evver tg receive these
speci alrfeggr%{:} 8@@% %9§8 ‘%EF@%?%%F&E‘&%%@%&P%%@&B% dba Gy epeder
descr aggl ers, giving 20 t he cabl e operator control over the channels

recei vedOBHa: %‘aﬁlﬁYiéua§eﬂ#Hh%nblémnrsawte@rﬁ@ks@sbutmrpmesws §3@I5385 per - vi ew
pay without the need for a technician to visit the honme, or business, to

i ndPal IdigtributiopemirifieseAf;, tea custoraetl dribp 545, e oG dsEPutiORA4R J5BY
termnate at an interface device 361 with an integrated codec 1800, as

shown ThefpkésentliBverdibn WO LIS 6L CREY 12pG003/ cgﬂ:églﬂrgd in a ring topology.
The customer’s drop 545 is connected to a interface device 361, which can be
equipment, such as, but not limited to, a CATV splitter, from which coaxial cable in
building 360 may terminate directly into the ’television receiver on 12-channel systems, or
15  into a converter where more than 12 channels are provided. Most modern receivers and
videocassette recorders are “cable-ready” and include the necessary converters to access the
additional system channels. Systems providing pay services may require a descrambler, or
other form of converter, in the subscriber’s home to allow the viewer to receive these
special services. Newer cable systems use addressable converters or descramblers, giving
20  the cable operator control over the channels received by subscribers. This control enables
services such as per-view pay without the need for a technician to visit the home, or
business, to install the special service. In addition, the customer drop 445 may terminate at

an mterface device 361 with an integrated codec 1800, as shown in FIG. 18.
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The CATV network described in FIG 5 wll continue to provide their normnal
nmedi a and data services over their network. In addition, the multiplexer
1700 i nwheolsmagicr1 End O fice 510 will generate transm sgraso0mwaessishe CATV
networ k operating near, or in the noise level in order to create

bandwi dth. 5 In addition, once inside building 360, high data rate Hone
PNA-type systens can be built using the pulse transm ssions of the present
i nvention overhd @ATPhebRokWestrikdBRFIG. 5 @ill &drgigihe tcpbvidlerthdifinddagl f ol | owi ng
is an exanple of retrieving an Internet web page using the CATV enbodi nent

of the prasens dataxgamaegav&t%%el réﬁ@x@{} ﬁ'aﬁdﬁ@n&mﬁnﬁ%&% 1708 15 fleMir&g of the

10 present invention over provi net Wi shes to use their

PCto .nage froma renote seyv he cl.ient device, such as,
but no?ﬁll“‘f ﬁfﬁ%ﬁﬁd’“ﬁ ratedransigisions ayer té‘? &ﬁ@ PR PG NEL 08 hal |y t o
a stand-al one codec 1800, as shown in FIG 18, or integrated into a

devi ce. th¥heisplevekiagrderteereate Handwisr. sof t ware, such as, but not limted to
M crosoft 15 Internet Explorer 6.0, in order to initiate the follow ng

steps that Vguldditios@calinsyddigildi@me0; Biphtdatcamieshe PNA_b?ersstﬁ@lh@c&er ver
using a standard client-server architecture, using a codec 1800, as shown

I Fl Gl il {lﬂﬁ%&%ﬁﬁﬁ% aBer} QBF&)@ sgﬂt%év&t%-g%pt%ﬁﬁiﬁ&l?e Wﬂ&%&) ﬁgﬂt&fl Lo

Internet er vi c oVl FeLrieve
http:// dl b |n1ted coniaboutDLB htn1 20 , The browser breaks the Uni form
Resourdﬁﬂ%% t¥RL) into 3 parts: The comunication protocol to be used:
Hyper Text Transfer Prot ocol (HTTP) The server nane to be accessed:

(www. dI bl i mithedfoblowjngTisenr equmpde efl rdtiibeng @atoietBi Brelt pAge TisengPBe CATV

comuni cation software creates a data packet using TCP/IP stack protocol 52

WO 200 nitddhcnt REThd D083 /ideBid8 as shown in FIG. 5 A user with the service of the
10 present invention over their CATV provider’s ﬁetwork wishes to use their PC to access a
web page from a remote server.  The client device, such as, but not limited to a PC, is
commected, either internally or externally to a stand-alone codec 1800, as shown in FIG. 18,
or integrated into a device.
The PC uses Internet browser software, such as, but not limited to Microsoft
15  Internet Explorer 6.0, in order to initiate the following steps that would generally be
required 1o connect to the remote server using a standard client-server architecture, using a
codec 1800, as shown in FIG. 18, for access to the Internet over a CATV network, through
an Internet Service Provider (ISP) in order to retrieve the following file:
hitp://www.dlblimited.com/aboutDLB.htm
20 & The browser breaks the Uniform Resource Locator (URL) into 3 parts:
¢ The communication protocol to be used: Hyper Text Transfer Protocol (HTTP)
¢ The server name to be accessed: (www.dlblimited.com)
¢ The requested file: (aboutDLB.htm)

¢ The PC’s communication software creates a data packet using TCP/IP stack protocol
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The PC s communi cation software encapsul ates the TCP/ I P data packet in

Poi nt-to- Point Protocol (PPP), which is an established standard for the
assi gnmdY® 28@%¥phinagenent of | P addresses, asynchr onoPET/Us2043/6¥38t%p) and
bit-oriented synchronous encapsul ation, network protocol nultiplexing,
link configuration, link quality testing, 5 error detection, and option
negotiatiqQn for such capabilities as network | ayer address negotiation and
dat a- cohpri@ssitos wewamicationrolivse pmapantes thee GRAP | datal packep ac Reint-to-
encapsul ated in PPP to a codec 1800, as shown in FIG 18, which is a

ful | - dupl &oirdeRioteol i(RPBY, dehichoist tansmbliskedd staadetlviordilgl batgnnidht amdat i on
over twi sted tel ephone pairs. 10 The PC can be transmt TCP/|IP data packets

over a pl Wabbdnyer®lof TRtAUOASsdsO a§)gﬁl%hl%96]lﬁc (Sta}@&%’) %‘ﬁlsgﬁ%%nﬁaa@&ﬁ%@%her al

including but not limted to [ oc and extern suc

(o e FRPRSHSER Ak e oest B inge s cOplE s Gl i, °' " ©

paral lel, 802.11 wireless, Bluetooth, etc. The codec 1800, as shown in

FI G2 18 n#ifohdetestiong and gpliem pecsiatipm fergiugh sapahilidesaasondiwerkiayercaddradte codec
1800, as shown in FIG 18, converts the byte information contained in the
dat a packetgadtiation snddatdedmpesdiar ngpotisgen. nodul ates the pul ses in a manner
that is conpatible with the CATV provider's coaxial cable, and serially

t ransmg sTg: Boak Iz ' S 2oded
noi se- 1 ke si g%azlldg%gg@gﬂg\@faﬁaagetgﬁg%g?ﬂ%a%éﬂE%%ﬂg&ézggg g%?sfﬁh;?%g‘gr 1700

t hat conv s.t he, PN coded,.noi se- .|i.ke si | s contai.ni ng dat.a regsulting
from typi Egﬁ f t‘e”ﬂ?gt lsuga@"cﬁlﬁ% ARCS: b&ytg ot ttﬂetra‘ﬁwgéng neEEYh & ual
bits, then nodul ates and signals the bits onto the packet network for
routing tBHymagien oxertwpstedriglepbene naiser net usage data includes, but is not
limted to domain nane resolutions on Domain Nane Servers (DNS),

t r dfsmizssilom PSF cdor mwsarsnBBTOR TP QA6 9Kt bver a plurality of methods to the codec

1800, as shown in FIG. 18, including but not limited to local and external buses such as
Peripheral Component Interconnect (PCI), Advanced TCA, Industry Standard
Architecture (ISA), Ethernet, Infiniband, Universal Serial Bus (USB), serial or parallel,
802.11 wireless, Blueto_oth, etc. The codec 1800, as shown in FIG. 18 may be stand
15 alone or integrated into another device.

¢ The codec 1800, as shown in FIG. 18, converts the byte information contained in the
data packet into time delays for pulses, modulates the pulses in a manner T.that is
compatible with the CATV provider’s coaxial cable, and serially transmits signal pulses
over the CATV provider’s network as a PN coded noise-like signals.

20 ¢ The Head End office 510 houses a multiplexer 1700 that converts the PN coded noise-
like signals containing data resulting from typical Internet usage back into bytes, the
bytes mto individual bits, then modulates and signals the bits onto the packet network
for routing to a user’s ISP. Typical Internet usage data includes, but is not limited to

domain name resolutions on Domain Name Servers (DNS), transmission of browser
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PCT/ US2003/ 013818 cooki es, transm ssion of client environment information

| i ke browser-type and version, HITP requests such as "get and post"”

oper at i ON®,20BTP146equest s, Tel net requests, Post- O fi caedino206:m1351R0P3)
E-mai|l requests, etc. The process is reversed at the CATV Head End office
510 when requests such as 5 HITP, FTP, Telnet, POPS are fulfilled and
responded with data packet(s) containing the requested information in a
variety of cdobisvatransimissiodofglienbervinatnent iiférechtivn like beswser-sfpeemerdiyner
Text Markup Language (HTM.), G aphics Interchange Format (G F), Joint

Phot ogr aphHTTEXpqickS sGEIPHP ™ o H mation
| nt er change (AS?:?JIT), Tag Irr‘c;aE(gt‘éiﬁ%lg'lbsét F rr?%t&?é(q%ﬁ;é?%lg%? tef‘ggﬁgtelte ﬁ%%%eﬁﬁéplgornat
(PDF), 10 i i, Gt ert Goup. (MPEG, MPEG 1 Audio Layer 3 (MP3),
bi nary, etqm&%%tgtéégbgﬁbggrﬁ?ﬂi]éegu%‘c’?%fff'rrul ti pl exer 1700 converts the data
packet bytes into tinme delays for pulses, and serially transmts signal
pul ses bvel?% HOCEATY 1E¥g¥dar the Cﬁg&vﬁekd Fndpeldige Gl Pawlenrepdss s ge t o
the original web page requester. The requester's codec denodul ates the

pul ses, cdiVErtETRuTerst, POPByire fulfitidd aid raspbstduenh |dutabbacket() QobRidigs war ded
to the PC by nodul ating them over the network or bus as descri bed above.

The PC : : ,
e S hhovaREstBd ABESTor! Hﬁahe L t(g?%nﬂ% 15858@1%58&#‘&9'%&9@?09 %i;i,e%g :

display on the PCs nonitor. T wser may | e a urali

"plugi ns" 9 Drayi ttional functi i nd to display data formats
orher ¢ hastRirRE ST TeREMAR Y Donehiins RO oo o R i pagdenBfmiar | B o

W ndows Medi a EI ayer for MPEG and MP3 files and streans. This entire
process nafthEbpiogephiciExRssis Groupi GREG),rAweden SondardrCalecfon Infonghtionveb
page, or transmt other types of digital data at high speeds, such as, but
not |imi t énferchang84 ARCIDODE Bidwhé File FOTmiSIUOR) BAAHL8 Document Format (PDF),

10 Motion Pictures Expert Group (MPEG), MPEG 1 Audio Layer 3 (MP3), binary, etc.
¢ The Head End office’s 510 multiplexer 1700 converts the data packet bytes into time
delays for pulses, and serially transmits signal pulses over the CATV provider’s
network as pseudo-random coded noise to the original web page requester.
¢ The requester’s codec demodulates the pulses, converts pulses to bytes and
15 subsequently bits, to be forwarded to the PC by modulating them over the network or
bus as described above.
¢ The PC’s browser processes the HTML tags and formats the web page for display on
the PC’s monitor. The PC browser may invoke a plurality of “plugins” to provide
additional functionality and to display data formats other than HTML. For example,
20 Adobe Acrobat to display PDF files or Windows Media Player for MPEG and MP3
files and streams. |
This entire process may be repeated several times in order to retrieve a single web

page, or transmit other types of digital data at high speeds, such as, but not limited to,
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voi ce, nusic, video, software, comrunicate with an Application Service
Provider (ASP), video conferencing, etc. FIG 6 illustrates an enbodi nent
of the pyegedird4smventi on used as hi gh speed data bus POF/USZE3/HI13SEN

aut onobi |l e for exanple. The inventors have tested the transm ssion and 5
reception of the present invention's pul sed signals over the netallic
portions of a pick-up truck. The data bus network may operate a single, or
a pl ur avpiey, whsieeded softivaie lcemeninicatevmith pe dppliaattbn festice Posviddr (HSPent
invention's pul ses. The pul ses are hi gh nunber base encoded, and are near,
or in thilenobgerenaingeetef the data bus network, which may be 10 running

voi ce, video, and data traffic by neans other than the present invention.

The data bus t i) Ln F .1 s conpri.sed.qf various
conponent s lég%\ n%@%'}éggtﬁso a% gk‘h i%g%ése%g 9% ?wvé{ f%(‘:: Htﬁfng et nﬁsc?g S specqaiag
conponent s i ncl ude a maséjir data bus_mpdul e 600 which control various

el ect r oR¥SCOE 47 Fotn AperiPrie (sickamplee Thelinventiphpve testesh dhedransmissionpndng, but
not limted to, engine control nodule 610, HVAC control 15 nodule 611,

t r ansni Bsepsioncyrihe presemtdovent®n’2, pudsed stanslsenvst tre memnllicojortimgudfer FitBupl n
addition, master data bus nodul e 600 controls various sensors connected to
t he dat#udkus network via data bus 670, including a nulti-sensor nodul e
620, and a single sensor nodule 630 connected to the data bus network.

Only one of gac l e s _shown, f clarit ut i
reality there cgﬁgﬁga@gﬁgﬁ gi Og%gtg ch¥gPls SEadﬂ%rﬂﬁye?# &ﬁﬁed‘ye’?‘“g@i‘?xego
vehicle, Al so connected to the data bus network is a nulti-nedia controller
650 whi SAVDSHEHRY ARd VRSTSS PleRigeenf dienbemg pulses. Ade nulses pexihigh munges f eed
660, audio feed 661, gane feed 662, and video feed 663, which are
di stri bwseandoded, apanare umat, 0640 fheanodicorange of é Hata @RS atwoilk, 642h magdba vi deo
unit 643 via the data bus 670. 55 WD 2003/ 094461 PCT/ US2003/013818 The
madiler rdadiag boise mded, an®8fta 1A BEmSARLHRE HIRUM SrefehP invelYilin, cont r ol
The data bus network as illustrated in FIG. 6 is comprised of various components
connected to data bus 670, which is a guided media. These components include a master
data bus module 600 which control various electronic control modules which are well
known in the art, including, but not limited to, engine control module 610, HVAC control
15 module 611, transmission control module 612, and suspension control module 613. Tn
addition, master data bus module 600 controls various sensors connected to the data bus
network via data bus 670, including a multi-sensor module 620, and a single sensor module
630 connected to the data bus network. Only one of each type of sensor module is shown
for clarity, but in reality there can be as many as 50 sensors on a current model year
20 vehicle. Also connected to the data bus network is a multi-media controller 650 which
manages various feeds including, but not limited to a GPS feed 660, audio feed 661, game

feed 662, and video feed 663, which are distributed to a game unit 640, audio unit 641,

GPS unit 642, and a video unit 643 via the data bus 670.
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nodul e 611, transm ssion control nodule 612, suspension control nodule 613,
mul ti- sensor nodul e 620, single sensor nodul e 630, gane unit 640, audio

unit 643%wo&#Somasi 642, video unit 643, and mul ti - redparslndosoiiseg 650 are
equi pped with the present 5 invention's transmtter and receivers as shown
in FIG 15 and 16. Data bus 670 is shown as two conductors, but may be a

single conductor. Data bus 670 can be a conductor such as a power wire, a

shi el ded or THs hisgledlafhtaVbue m&ide 6HBSERIindlabandlagedirdel € BOA@RYntrol
mul ti-media controller 650 are the nultiplexing and sw tching conponents

of the fakge 3 ?zﬁégiﬂfsléon %g%gégfa gﬁ%i ¥ ys\%é §ioﬂaéo%n%i‘§n{kﬁﬁé"%ﬁ§ i .oe

operated as an Ethernée s net I'S protocol agnostic and use:

any protocol inpcluding, but not imted to, th ntelligent Transportation
Syst em PB4 @?fgﬁ? %‘%@Iﬁ?&le SRRPORII HEMep Iyt g‘?dﬂﬁ“&’f%“@é%ﬂ&l Eg Wit craf t
m ssiles, rockets etc. In addition, these protocols can be encapsulated in
t he LDL643 otidewo knid e®E3; | dyeld mivdti-niediap cagmiler | (HPentei equipddsl vithathealptesemat i ve
enbodi nent of a data bus network in an autonobile, the sensors could be

POWST edniihtiBh s\WahSh RS ahdfHcBivels Qe YRAGY ineFTer. 4% andiigl | ar to passive Radio
Frequency ldentification (RFID) technol ogy, and connected to a data bus 670

whi Gh 'S t N B ALY & BB QRS0 byl S hOCl HALOG LG PO, dicare,

engi ne, etc. ; exﬁenélve rrng power "an tS|gnaling
could be reduced, or elimnated. 2Q Al though a d&ﬁq bus_network in an

aut oot 7P6a be BCHRFUCHEHHE & 4 RoVer iEs f SPiETer o Enshicldesl WERetGki | | ed i n t he
art will recognize that data bus networks for an application such as a

SCADA ( SupeistardatCharermodduden 60Datd madtitmedia cantiollapp$o emt themulsplekings, but
limted to Controller Are Network Bus (CAN). In these enbodi nents the data

bus 67%@@@&@1]1'9@0&@13&@11%%@@&4@@5,E’e@}[)llR_SZOOSI013818 uni que gui ded nedi uns

such as, but not limted to, structural steel in a building, or the drill

stggin ad Hljcekljxateigrefyi, e BB hE ALK & Fe operated as an Ethernet.

The data bus network is protocol agnostic and use any protocol including, but not
limited to, the Intelligent Transportation System Data Bus (ITSDB), and MIL-STD-1553
for military vehicles, aircraft, missiles, rockets etc. In addition, these protocols can be
encapsulated in the LDL protocol described in the present invention.,

15 In an alternative embodiment of a data bus networl in an automobile, the sensors
could be powered up by wireless radio frequency energy, similar to passive Radio
Frequency Identification (RFID) technology, and connected to a data bus 670 which is the
metallic portions of a vehicle, including the body, frame, engine, etc. In this embodiment,
expensive wiring for power and signaling could be reduced, or eliminated.

20 Although a data bus network in an automobile or other vehicle is illustrated in FIG.
6, one skilled in the art will recognize that data bus networks for an application such as a
SCADA (Supervisory Control and Data Acquisition) application, such as, but limited to

Controller Are Network Bus (CAN). In these embodiments the data bus 670 could be
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LI GHTWAVES DATA LINK (LDL) PROTOCOL 5 The present invention is transport
prot ocol agnostic. The systemmay be configured to use standardi zed or
propri et 30080%d6hort protocol s. Standardi zed net wor k PENUSI00HNSPLH t
protocols include, but are not Iimted to, Ethernet, Asynchronous Transport
Mode (ATM, Synchronous Optical Network (SONET), |P-based protocols such as
File Transfer Protocols (FTP), Transm ssion Control Pr Ot.O(_30| (TCP)_,

Hy per - t @sdgueTRigRihwedivmg speioaso bull not HIETRY to, Istrietnred sieek ik altaldintg, Bxthbalritie

(IPX), Mtion Picture Expert Goup (MPEG, MPEG 1l Audio 3 (MP3) and System
Net wor kstéyn ¢ tieillingrép 4ppNAdtion, k@ht waves Data Link (LDL) is a propri etary
data packet architecture designed for wuse in the present invention's
preferred enbodi nent on tel ephone twi sted pair networks, particularly
considering the inpact of high bandw dt h{ use(r]I becglm ntg av;auhl abl rer‘b '(;'_he htDls_

1 r ot | es] 0 ily adaptable to other enbodi ne

of5 ltohe @ﬁs%%%ﬁﬁmngﬂpmrﬁéT%@L not limted to, CATV, LAN, and
Data Bus. Additionally, LDL could be used with other standardized or .
propri et ary detiicsenbingpmion is enwrs paotdeateghasts. ThBLsybtembasgebe upon Lucent ' s
Sinmple Data Link Protocol (SDL) and IETF's RFC 2823 ti 't'I ed "PPP over

Si npl e cPafigurkd tkuddSsiAng 2 JNE b %rMﬂﬁE&)ﬁi Pt bicRodol A8 tA8dardizePndtRor

encapsul ates protocol data units (P such as Internet Prot ocoli (rp,

| nvent fon gt Floa T AR b S hor e b FrpbirB i T fonot r et s
Dol ow. MASIATI, SYOSER s eSS E o hkeed ok oplpSteFRATE DL
Header Transfer Protocols (FTP), Transmission Control Protoco! (TCP), Hyper-text Transport

10 Protocol (HTTP), Internetwotk Packet Exchange (IPX), Motion Picture Expert Group
(MPEG), MPEG-1 Audio 3 (MP3) and System Network Architecture (SNA).
Lightwaves Data Link (LDL) is a proprietary data packet architecture designed for
use in the present invention’s preferred embodiment on telephone twisted pair networks,
particularly considering the impact of high bandwidth/user becoming available. The LDL
15 protocol has been designed to be easily adaptable to other embodiments of the present
invention including, but not limited to, CATV, LAN, and Data Bus. Additionally, LDL
could be used with other standardized or proprietary data transport systems and methods.
LDL is based upon Lucent’s Simple Data Link Protocol (SDL) and IETF’s REC
12823 titled “PPP over Simple Data Link using SONET/SDH with ATM-like Framing.”
20 LDL encapsulates protocol data units (PDUs), such as Internet Protocol (IP), Internetwork
Packet Exchange (IPX), etc. for transport using the present invention’s data transmission
system. LDL uses some of the same constructs provided in SDI.. The LDL frames are

illustrated in Charts 6 through 9 below.
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LDL Payl oad Data LengthPayl oad Length CRC 2 octets2 octets CHART 7 LDL LINK

LAYER SCRAMBLER FRAME LDL Header LDL Private ArealLDL Check LDLPayl oadLDL

Priorit WopemsasRsi vat e & Payl oad Payl oadLengt h CRCType pcngacsaatsi€ount CRC
16 DataStream I D Length 2 octets2 octets3 octetsl Octet2 octets 58 WO
2003/ 094461 PCT/ US2003/ 013818 CHART 8 LDL OPERATI ON AND MEASUREMENTS

DL

MESSAGE_ERAME LD, _HeaderLDL Private ArealLDL Check LDLPayl oadlLDL
Priori t)yCISAREalPri vat e & Payl oad Payl oadLengt h CRCType, Broadcast, Count
16 Dat dStheapLEPRemm h 2 octets2 octet3 octetsl Octet2 octet S CHART 9 LI
PDU T Wga(lfé?Alvl: CDC Header LD Private AreatbE—PaytoadtBE—Chreck
LDLPayl [zl: cLb' ty—Streanrt-B—Payt-oagH “éi &
Payl oa %’Jrﬁngﬁ‘t a AreaPayl oad Bﬁé ength CRC

2 octets 2 octets

CHART 7

LDL LINK LAYER SCRAMBLER FRAME

LDL Header LDL Private Area LDL Check

LDL Payload LDL Priority, Stream Private & Payload

Payload Length CRC | Type, Broadcast, Count CRC 16

Data Stream ID

Lgngth

2 octets 2 octets 3 octets 1 Octet 2 octels
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Dat aCRCBr oadcast, 32 LengthStream I D 2 octets2 octet3 octetsl COctet<=

65, 5354 octets octetsl- | The LDL header contains two fields and when used
t oget heWQ #HEPIYM as the frame 5 delimiter for LDL. EREVYSIPHOB e
transmtted requires a conplete LDL Header containing the LDL Payl oad Data
Length (PDL) and the LDL Payl oad Length CRC fields. The LDL Payl oad Data
Length contai ns the nunber of octets contained within the LDL Payl oad Dat a
Area. |ts value dictates the type of 1D frame transmtied examp| es:

10 ~ | (ICHA®DS = 0): LDL Private and Payl oad Areas are not transmtt%}d

t hus ajLDL OPBRATTION ANSOMEMSUREMENTS MBSSAGEHERADIE Header is transitted

as a g1 o, Qadet our NULL o¢h&fiSpridhid WRke Layer Scranbf ED{ ®flecE 1)@ The¢ LDL

Payl oad FEa s 1% dansm a re am an Lo SH8 2
oo TR D Ty AR o e

H:PWEOAM Frames (PPL = 2

or 3): Private aré¢ Sif-mzl oct ets ‘ont ai ns M data. The LDL Payl oad

ar ea |‘Lﬁ1éﬁfh tra"lsm'tted. As a result, an|lDL Check ffield of 2 actets

cont ai p8 octees chefpReotet of f§Bectddl Private| NGt 5 Pricl ogdels Data Unit | ( PDU)

Transport Frame (4 < PDL <= 65,535): This LDL frame is used for

encapsy of aw PDOs—for transport berween nul tiple CLDC devi ces. Jhe LDL
TR

et BBl o Lo and Lhe LD, Creck conal
DL Header DL Private Area LDY. Payload | LDL Check
LDL Payload LDL Priority, Stream | LDL Payload Private &
Payload Length Type, Count Data Area Payload CRC
Data CRC Broadcast, 32
Length Stream ID
2 octets 2 octet 3 octets 1 Octet | <=65,535 4 octets
_octets

The LDL header contains two fields and when used together function as the frame
5  delimiter for LDL. Every LDL frame transmitted requires a complete LDL Header
containing the LDL Payload Data Length (PDL) and the LDL Payload Length CRC fields.
The LD Payload Data Length contains the number of octets contained within the
LDL Payload Data Area. Its value dictates the type of LDL frame transmitted. As
examples:

10 & Idle (PDL = 0): LDL Private and Payload Areas are not transmitted, thus a LDL
check is also not required. Only the LDL Header is transmitted as a group of
four NULL octets.

§ Link Layer Scramble (PDL = 1): The LDL Payload area is not transmitted. As
a result, an LDL Check field of 2 octets contains the checksum. of the LDI.

15 Private Area.
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areas. 10 The Payl oad Length CRC contains the CRC-16 or CRC-32 cal cul ation
of the LDL Payload Length contained in the LDL Payl oad Data Length. The

LDL Pri webeodrastonsi sts of 4 octets divided into 3 ogghseBahidbed in
Chart 9 for the LDL frame priority, the frame type, broadcast type and

streamID. Wth the exception of an LDL Idle Frame, every LDL Frane
requires a LDL Private area consisting 15 of 6 octets in |length. The LDL

Payl oad Ar eagcamschiinstaie MuasaR@ehOedVPMeSsdze Fesnds @I bied).brigneen
mul tiple LDLgd(eIg?ces. When an LDL frane contéagiens a p(gyl oad, the LDL Payl oad

Area rangesfrﬂ@jq'%-' [ f . [ f ets in.size.
Cycl e Redundancy 51%@%Qfgé§%§)n%ﬁ%ﬁéwgh§hTﬁ?%ﬁﬁ%&r‘a&b & nﬁ%on t he
use 20 of polynomi al arithnetic that assigns a CRC value equal to the
remai nder of _diAREPty: His & et ph P Ghegkdrlgl b agiebarras e hecksim od) by
a divisor representing a polynomal. It can process any payl oad of any
size, so the | efighehLBL Priveteplayh.oad i n conbination with the LDL private
area is not an issue. LDL idle franes do not contain a CRC and the size of

the 5 CRC fi et d prsiooinengd ent: (PDUY MRalsy 0 FRfmd (18« bPE, 44 gaT83 835 @flis 1§61, VO
5003/ 004461 PCI UESa0T oot (B0 LDL¥sessil%n@begi kS fapa g s LA ng and

synchroni zati o rocess, . FIG 7.is a _f hart of .the process. octets
are received i R%agleaﬁ Ut ot elf)"@??‘%?m@rra‘gtﬂ 8 f?é%‘@??"&frhft‘éf?%'ﬂaa lpi%lclhf[‘)hg
mechani smthat is subsequently processed by the LDL decoder. The hunt

begi ns at the SevHegs nHidPbPrivite apd Paylogslarpesarg ranweifpd aed theddh6 val ue of

the current octet and value of the next octet. If there is no nmatch, then

the current ociChieck somiinsad deet GREC dahilfedoes she DDLPsivae dodePaghmtl octet in
the buffer. If there is a match between these two values, then it is known

with a high degyge of

10 The Payload Length CRC contains the CRC-16 or CRC-32 calculation of the LDL
Payload Length contained in the LDL Payload Data Length.

The LDL Private Area consists of 4 octets divided into 3 octets described in Chart 9
for the LDL frame priority, the frame type, broadcast type and stream ID. With the
exception of an LDL Idle Frame, every LDL Frame requires a DL Private area consisting

15  of 6 octets in length.

The LDL Payload Area contains the encapsulated PDUs fo be transmitted between
multiple LDL devices. When an LDL frame contains a payload, the LDL Payload Area
ranges from a minimum of 4 to a maximum of 65,535 octets in size.

Cycle Redundancy Check (CRC) 16 and 32 bit is an algorithm based upon the use

20  of polynomial arithmetic that assigns a CRC value equal to the remainder of dividing the
LDL Private and Payload Data Areas (if used) by a divisor representing a polynomial. It
can process any payload of any size, so the length of the payload in combination with the
LDL private area is not an issue. LDL idle frames do not contain a CRC and the size of the

CRC field is dependent on the type of the LDL frame used.
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probability that a valid LDL | ength octet has been found. Using the
assunption this is the 10 actual length, a calculation is perforned to

det er m YEO2HB/PHCHt i on of the next LDL frane's | engt hPERUSIDREOIBEISVal ue
octets, in order to performthe conparison again for the subsequent frane.
| f the conparison is also successful, then it is assumed synchronization
has been achieved for the LDL frane stream Prior art has noted that sone
transm ssi onAmdfHoskssiembegint with dief Hinting tyd symchrobizatiempmictssi FHG| Bisgt hy
successions of identical data values, and as a result nethods of

scr anmbl figg cHat af hapercegen devel oped. Scranbling data to be transported over
a network increases the density of shifts frombinary value "1" to "0" and

vice versa | Ingibiell e fheeRb gﬁgh;g;)ctg%&fe&gm%%@ggir A

coupling data streans w g patterns a pdatterns

that contain _enough shifting to reduce transm ssi o O prohlens, Due to the
nat ure IB?&@Wémptg%‘F é‘éhseﬂ‘%eélﬂg ﬁwsﬁﬁg%’ﬁ'ﬁ@ &ﬁ%é‘%‘ﬁ’@e? nﬂ?ﬁ?%g?g”ﬂ‘h%trthe my be a
limted need, if any, to inplement scranbling within LDL in preparation for

t he 5 t rtmgamingsofche oftetdarffer embeompaies GRCK PRNCf af dneesurvbat betet avdtwabrelofel enment s
encapsul ated within LDL and transported between devi ces capabl e of using

the LDih@heiteert. IfU3E Isnoliflalkch hkitihe barbrt 00t AQAIHaRRA48d ti(pkbééag003/ 013818

define PDU frane outlines for Network PDU types, such as, but not limted

E ?ansgg]?%%gwe%/g&%tﬂé%%gzbg contained within the LDL Data area for
Preaml oSt ant Boet  Sout Gekengt h ypelAChAdRL ol  Fr.aTeMMAC0! £t Shgek
probability that a valid LDL length octet has been found. Using the assumption this is the
10  actual length, a calculation is performed to determine the location of the next LDL frame’s
length and CRC-16 value octets, in order to perform the comparison again for the
subsequent frame. If the comparison is also successful, then it is assumed synchronization
has been achieved for the DL frame stream.
Prior art has noted that some transmission methods encounter difficulty in
15  transmitting lengthy successions of identical data values, and as a result methods of
scrambling data have been developed. Scrambling data to be transported over a network
increases the density of shifts from binary value “1” to “0” and vice-versa in any given
stream of data. Scrambling is accomplished by coupling data streams with scrambling
patterns to produce data patterns that contain enough shifting to reduce transmission
20 'problems. Due to the nature of the physical transport of the present invention, there may be
a limited need, if any, to implement scrambling within LDL in preparation for the
transmission of data over .
Network PDU frames define network elements encapsulated within LDL and

transported between devices capable of using the LDL protocol. Charts 10 through 13
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7 octetsl octet6 octets6 octets2 octets<4 octets 1.5K The Ethernet 802.3
mnimmfranme size is 64 octets, and the maxinmumfranme size 5 is 1518
octets. W :q304ds be noted Ethernet standards do not i pelruagodsfeesgig eanbl e
or start frane delimter as part of frame |length. CHART | 1 ETHERNET

VI RTUAL LOCAL AREA NETWORK (VLAN) 802. 3ac

Preanbl St art Dest . Sour ce802. 1TagLengt hMAPaFr ane eFr ane MACMACQ

TagCont défxbPBUK e duliheddo Meretek epTYiypey, bidhaky PaGot BhdRA¥ENRhaH&St € Data

7 octetsl octet66222<4 octets octetsoctetsoctetsoct etsoct etsi. 5K The

D e i DR Y HobodiAR8] WRhAAREEDE A Lot llppftc Trame STze 1S 04

maxi me rane Si ze€ ould al so be noted:
that s 10references—to-tlength for Ethernet do not |nr~| ude the preanbl e

\v4

or starmH%erel inmiter. CHART 12 G gabit Ethernet 802.3z
Pr eanbl [SE BEHERSHT 8Bt celengt h/ TypMACPaFr ameExt ensi o

eFr ame MAGh#HeRIE! | tad Chedkbesbe| | riSoadddl esAdt Bet $aquenc| pas Darage/ octets |
1 octeti662 oct qtFesmé oqtehe | | MAC Client Check
Delimiter | Address | Address Data Sequence
7 octets | 1 octet 6 octets | 6 octets | 2 octets <= ‘ 4 octets
1.5K

The Ethernet 802.3 minimum frame size is 64 octets, and the maximum frame size
5 18 1518 octets. It should be noted Ethernet standards do not include the preamble or start

frame delimiter as part of frame length.

CHART 11
ETHERNET VIRTUAL LOCAL AREA NETWORK. (VLAN) $02.3ac

Preambl | Start Dest. | Source | 802.1 | Tag Length | MA | Pa | Frame
e Frame |MAC |[MAC [QTag |{Conir |/ C d | Check
Delimit | Addres | Addres | Type |olInfo | Type | Clien Sequenc
er 5 ] |t e
Data
7octets | loctet |6 6 2 2 2 <= 4 octets
octcts | octets | octets | octets | octets | 1.5K

The minimum Ethernet Virtual Local Area Network (VLAN) 802.ac frame size is
64 octets, and the maximum frame size is 1522 octets. It should also be noted that some

10 references to length for Ethernet do not include the preamble or start frame delimiter.

CHART 12
(Gigabit Ethernet 802.3z
Preamb! | Start Dest. Source | Length/Typ | MAC | Pa | Frame | Extensio
e Frame |[MAC |MAC |e Clien |d | Check |[n
Delimite | Addres | Addres t Sequenc
r S 8 Data e
Toctets {loctet |6 6 2 octets <= 4 octets
octets | octets 1.5K
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-octetsoctetsl. 5K 62 WD 2003/ 094461 PCT/ US2003/ 013818 The frane size for

G gabit Ethernet 802.3z remains the sanme Ethernet 802.3 with the exception
that thdvQ&Hg{P#4¢t om t he Destinati on MAC Address fi el dPERUSHGHOIIRES
Extension field is a mninmmof 512 octets. The follow ng chart defines the
structure for an MPEG Transport PDU. CHART 13 MPEG Transport PDU

Header Payl oad >= 4 octets< 188 octets - header size 5 In the future, the
LDL pr ot ocol Thesfryee sige &y GigahibEthemet B0%3zwa\ays the sammBiheret #e%-hetth Junbo
frames that have a maxi mum size of 9,000 octets. Since LDL is built upon

t he condt exapsonthaSibe lerpth frbn the Desticsion DA Sk ddrtm dicldthaougB@NET net work in
its current format, with little or no nodifications to the LDL frane. 10

Howev ergxibAorP@d fedmiBulEors & ceqs anbl i ng prior to placenent onto a SONET
network. The encapsul ation of an Ethernet network PDU into LDL involves no

mani pul atio he okl gi.nal her net net war, w th exception that
t he preanbl gl,ﬂhcg%gﬁs‘fvglgr&awgdeﬁ%ﬁsﬁh? ?ecé%%“ﬁg%f a\éﬁéﬁpgﬁéﬂ%ﬂ?&ﬁé@equence w | not
be transported  Because they will not bhe carried.in the |D payload they
will béGHARRIBructed on the far-end after arriving via the 15 transport.

FI G 8|MPEGStIraispst PR encapsul ati on of Et hernet Network PDU in an LIDL
packet | Hehsr 9 illustrates a flow chaftpaghad DL packets being transpofted
over a[BEIWQIK Of tThe preSent 1 NVeNtT 0y ge ootets — header size

5

In the future, the LDL protocol is designed to be flexible enough to handle Ethernet
Jumbo frames that have a maximum size of 9,000 octets.
Since LDL 1s built upon the constructs of SDL, an LDL frame can be switched to a
SONET network in its current format, with little or no modifications to the LDL frame.
10 However, the payload may require scrambling prior to placement onto a SONET network.
The encapsulation of an Ethernet network PDU into I.DL involves no manipulation
of the original Ethernet network PDU with the exception that the preamble, start frame
delimiter, pad and frame check sequence will not be transported. Because they will not be \
carried in the LDL payload, they will be reconstructed on the far-end after arriving via the

15  transport.
FIG. 8 illustrates the encapsulation of Ethernet Network PDU in an LDL packet.
FIG. 9 illustrates a flow chart of LDL packets being transported over a network of the
present invention.

An Bthernet network PDU switching table is required on the multiplexer in a
20 telephone central office, or CATV head end, or a device acting as a director for the

transport of an Ethernet network PDU to the correct device. When a device or service is
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An Et hernet network PDU switching table is required on the nultiplexer in a
20 tel ephone central office, or CATV head end, or a device acting as a

di rect owad evozmte1 t ransport of an Et hernet networ k PDUptwnisheseossiect
device. When a device or service is 63 WO 2003/094461 PCT/ US2003/ 013818
provi sioned a MAC or network protocol specific address will be assigned to
a particular LDL streamID. FIG 9 illustrates the flow of a network PDU
or i gi ngdrbvigiohsdaViA O &k werwork brittedot spueifitaddress hell O assighed thdna pagloutahe
transport fabric to a Customer Prem se Equi pnment (CPE) device. 5 The

Et her natp SLu o PG i 88uck tud Rl 5 & RATOHEP DN B AR 2 HRARITRO

information required to create a LDL frane. In addition,” the network PDU is

encapsul ated intag t L frame after Lch. the, L f ane. | s _subseguent |y
Fout od Hgreoechp R D A i ahe tngborh GeFi 16 BSldmes EAGst BABBRAREL L <o
w Il maintain a pool of MAC addresses to assign themto CPE devices in a
manner {£8Ebdewlesailed later. 10 FIG 10 is a flow chart illustrating

Et hernet Network PDUs to device switching. The encapsul ati on of an MPEG 2
Tragsport ( THe BibémerdetRold PIDL A ddidss iDL\ ani® Tzbie potains orappihigt he
original MPEG 2 PDU. The transport of the MPEG 2 PDU while not exactly

| dent | qatoAsideqFRORLLaPREDIhb, hiialites e RnRaaRAYI Al akulited he

MPEG- 2 nto transport on the LDL transport simlarly to FIG

10 above. 15 11 is an.]l tion of an EG 2 TS PDU encapsul ated in
an Lot packerDL Ty wietoReidtn bt B B Shelepbam el AP e
encapsul ation into LDL will occur outside of the LDL transport core. The
LDL t r dlesiser In tho caseqyfdithemel the GR devigewilMmagigin tpophefddiS addresserto

encapsul ated into LDL. The primary purpose for this design is to: 20 4
Reduce asggpthesf tol(RE fedosinntmaneetotte detatled patert f ocus activity ~ Mve
application and service control to application conponents to outside the

10 FIG. 10 is a flow chart illustrating Ethernet Network PDUs to device switching.

The encapsulation of an MPEG-2 Transport (TS) network PDU into LDL involves
no manipulation of the original MPEG-2 PDU. The transport of the MPEG-2 PDU while
not exactly identical as the Ethernet PDU, still involves the encapsulation of the MPEG-2

PDU into LDL and transport on the LDL transport similarly to FIG. 10 above.
15 FIG. 11 is an illustration of an MPEG-2 T'S PDU encapsulated in an LDL packet.

Unlike the Ethernet transport requirements, the MPEG encapsulation into LDL will
occur outside of the LDIL transport core. The LDL transport core system will receive
MPEG-2 TS packets already encapsuiated into LDL. The primary purpose for this design
is to:

20 & Reduce scope of LDL transport core to transport focus activity

& Move application and service control to application components to outside the
LDL transport
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LDL transport 64 WO 2003/094461 PCT/US2003/013818 FIG 12 is a flow chart
illustrating of a systemconfigured to deliver video feeds via streans to
an end @Re03THY6SL | rst conponent is the systemthat coPEEHUSXYMSSB0 and CPE
devices for transmtting LDL franes over the transport. The second is the
Et hernet system that illustrates the transm ssion of Ethernet network PDUs
between the CO network inter 5 connect and the client connected to the CPE
devi ce. The FI§ A4 izoAporbart illestmaties MrEGstepnewdiguieddo dbliveadtkstfealppia cat i on
used to broadcast MPEG 2 transport (TS) frames froma video head to a set

top boxstfeSHBlo hoemt gdr.0fThe tthe cGRpofaN ile systernh Shat bRRAhaHe CO aBOUPEL hat the
systemis focused predom nantly on transport while the application control

0t e Byicth MR b SRR ORI HAR AN, ALARhaRl M AIEA i{ SRESR YGRS 10

on-demand video a 10 1I's provided by application's

inter-connected t he f.rame via a high- ed i nterconnect such as
SONET or? B%Qels t%ﬁglﬁqggs_m%em% ?qwﬁ%%ﬁgg?we%&‘ﬁ%awﬂﬁﬂ@rpac kets
created within the video application easily since LDL is derived from SDL,
whi ¢h Hesnessard Beicdieniionpectedsiatibel CPEdevise. Wihehihind SengohenhistthoMPEG-15 The
STB or other video application device will be enabled to send nessages back

to thebagtdiddeshiwhdmsvdpplicdlonvite to MbhdcattdPEGE? fiispas ¢ES) Patks @ntahe CO
based video head- end and its managenent system This interconnect can be

done as\ri@g\fﬁld?éagﬁtéép bc??fé’l‘\ﬁﬁg%‘?éﬁtdf?fhebépﬁ’%@?icé he CPE and CO wi Il have at

| east one video stream eo I's Incorporated into that particular
configurati nor e t,gan one

vi deo devi cgplﬁtulnz’ﬂ’térh : 55‘33@4%3%#?3?% %l?‘%lé%gpr\éili‘ggg’é@ O%E; 8%‘?‘5&’19@ MR
configurations_possible: Al video MPEG franes are nultipl exed onto one
st r eamthermplicatingf qogirpblogisrfor wided faed seleetianchndrptiiir @alug 2ddéchfeaturas such as
configuration, if four video feeds are required at the CPE

10 on-demand video and audio is provided by application systems inter-connected to the
framework via a high-speed interconnect such as SONET or Gigabit Ethernet. SONET
will be able to accommodate LDL packets created within the video application easily since
LDL is derived from SDL, which has been originally created for use within SONET
networks.

15 The STB or other video application device will be enabled to send messages back to
the video system via LDL which will then be forwarded back to the CO based video head-
end and its management system. This interconnect can be done as SONET as well.

Each connection between the CPE and CO will have at least one video stream if
video is incorporated into that particular configuration. If the transport is supplying video

20 for more than one video device at the CPE location, then there are several different
configurations possible:

All video MPEG frames are multiplexed onto one stream. This configuration is

illustrated in FIG. 12. In this configuration, if four video feeds are required at the CPE

side, then all four video feeds will be assigned to the one stream assigned for MPEG/video
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side, then all four video feeds will be assigned to the one stream assi gned
for MPEG vi deo 65 WD 2003/094461 PCT/ US2003/ 013818 feeds and the single
feed of wolzeplseied MPEG franes are extracted from the Heplydh@Rssigand sent
to the CPE video application, for exanple an STB. This configuration is
pref erabl e where one video appl ication or STB is used for nmanaging all
video feeds. Al video MPEG frames are assigned their individual stream In

this coiféddgeandtheaingle fect fof frultiplicddaPE @EHEn e EaeidFrhi thd 6L, ﬁ’aﬁle%' de,
then all four video feeds are assigned thei r ovvn stream Once t

devi ce ¢ extract t he
MPEG fréa%%nygftnhﬁgga{r}rﬁg@ ér‘gfcaﬁlmp%lldr}r{%é%r eo apﬁ%?%ﬁ%flﬁ%?‘}l for exanple a

STB, chaLer - connect ed to th evi ce assigned tqQ that particul ar
MPEG fegge er “ﬁlg{)en?rfeg‘ﬂa%o[? c t%‘mrﬂrgf'@} igped é‘?aé‘aémﬁraﬂé@deéﬁéq’dscat i on or
STB i s requi red for. each video 10 feed or MPEG stream One skilled in the

art having t Hd eV iPEGframps are dsigriedshniinvividual etatainz elnt thistcohfighratiost or age”
refers to a conprehensive |ist of nmethods and systens for the storing of

dat & anif foumfideontaédsoare relftiied abihe iOPE Hae (HERLMOBE: PHENfREs 28 dﬁ%ﬁecﬂh it ! | es

ASCIl files, databases, relational databases, indexed-base ases, CD,
magnet i gws kRERICO pep% %‘&ﬁ% ut ed..dat a_ and

replicated data aﬁ at(:\(’gflt?agesé %%Me]s E‘%é\!g(ge}rab"earﬁé? treﬁlgt v@ﬁ %

cache, an | or e Sys In addrtron t he data can be
represe M’?ﬁ%‘?&lﬁﬁ mf Enci P e éﬁ’?vﬁ@? appligatien. fop expnplamBTBASC |
EBCDI C, foreign-1anguage sets, I\/PEG MPEG 2, MP3, text and XM.. Data can

be or gahftisintereonaected inihi device assignad thibatpartiadai MPEGeed.oThisof dat abase 20
i ncludi ng ones such as but not limted to Oacle, Sybase, Mcrosoft SQ,

M/SQL, odefigmiation islprefeeble Wasie@redoo 4pPAGHH0E oPBTROR S fired T8k RER QHeSt ary

non- publ i ¢ dat abase net hods and systens. In addition, one skilled in the
artyow e phSOpRet &rebhat "information exchange” refers

One skilled in the art having the benefit of this disclosure will realize that “data
storage” refers to a comprehensive list of methods and systems for the storing of data and
information. This can include methods such as the use of files, ASCII files, databases,
relational databases, indexed-based databases, CD, magnetic storage, optical storage,

15 distributed data and databases, replicated data and databases, RAM, ROM, reverberating
data storage, cache, and local or remote storage systems.
In addition the data can be represented in many formats including but not limited to
binary, ASCII, EBCDIC, foreign-language sets, MPEG, MPEG-2, MP3, text and XML.
Data can be organized or not organized and can be stored in some form of database
20  including ones such as but not limited to Oracle, Sybase, Microsoft SQL, MySQL, Velocis,
Ingres, Postgres, Chaotic Databases, and proprietary non-public database methods and
systems,
In addition, one skilled in the art will also note that “information exchange” refers

to the transfer of information over a variety of possible transports between one or more
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to the transfer of information over a variety of possible transports

bet ween one or nore 66 WD 2003/ 094461 PCT/ US2003/ 013818 entities.

Tr anspo™Q 28509446 hf or mat i on exchange" incl ude, but ar ePASIUSEQURH0138EB t 0
wireline or wreless networks including fiber, SONET, Ethernet, G gabit

Et hernet, CDT\4A, U tra-Wde Band, MegaBand, internal and external bus,

I nfini bangd, vanced TCA, Periperal Conponent Interconnect (PCl), etc. The
"i nfor nﬁititl?ﬁ-Ail?eﬁw&efOF nfomatien exchansg Hesludre but ava gt limitedioawirelreatrocol s
including but not limted to | P-based protocols, TCP/IP, IP, Systens

Net wor kwaelehi nedworksenql@hig fib&TBONHIT PiheriRX/ SiXbit Netchust, CDINE| Wiras¥ide

"I nformati on exchange" includes, but is not limted to data, text, records,

files aBghd, M&g@BaﬁdzﬁﬁEEnﬁIarﬁﬂ@@érﬁél@u&%f%bﬁﬁtﬁ%ﬁﬂn%t%AT%;p%%i ties wthin

the definition of "information exchange" include elements that 10 conprise

the pr Io! -systens. or .sub-el enepts of an el nt (s)
o i R A e S
third-patty. systemor sub- system(s). of a third-party system "Information
exc Fﬁgn g‘Ban%c@%reinhE‘iOM@is le%lPa‘é?a Shbantdinitaddo dPibpsedpaptogolpr R/BR,.dPsuch  as,
but not limted to XM, SOAP, CORBA, Tibco, Mddle-layer, grid conputing,
DCE, W¥ysterms NetwotlhAraeare' (SNAYy FER,i ITTITRABKASIIC Néthbail Nded] tehe use of
private-proprietary and public-standard formats and secure met hods,

i ncl udi ng butinfghatiddxcBshge® RARIY, Huk %@ﬂﬁlit@ﬁ%&ﬁé&ﬁ tégeke%rdsaﬁﬁg FSL) -
"I nformati on exchange" al so includes a push nethodol ogy ere 1nformation

i's pu%@egf(g&sg %ﬁgﬁé@‘?&%@dﬁ#@%from one or nore elenents. Conversely,

; I ; . :
"information exc can i ude a met hodol ogy where information is
pul | ed fromﬁ]ge Qr. nore grrer_lt,s to.one or nore el enents. The managenent

syst em descrifg&gtiles ‘P’E@Péﬁé sinitipnefyaigrmesion pxehanget inslysiecdamnts thatvent i on' s
preferred enbodi nent on tel ephone twi sted pair networks, particularly
comprise the preferred embodiment, sub-systems or sub-clements of an element(s) within
the preferred embodiment. In addition, an entity can include a third-party system or sub-
+ system(s) of a third-party system.
“Information exchange” also includes methodologies and third-party products such
as, but not limited to XML, SOAP, CORBA, Tibco, Middle-layer, grid computing, DCE,

15  etc. Furthermore, “information exchange” includes the use of private-proprietary and
public-standard formats and secure methods, including but not limited to encryption and
secure socket layer (SSL).

“Information exchange” also includes a push methodology where information is
pushed to one or more elements from one or more elements. Conversely, “information

20 exchange” can include a methodology where information is pulled from one or more
elements to one or more elements.

The management system described as follows is designed for use in the present

invention’s preferred embodiment on telephone twisted pair networks, patticularly

considering the impact of high bandwidth/user becoming available. The management
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considering the inpact of high bandw dt h/user becom ng avail able. The
management 67 WO 2003/ 094461 PCT/ US2003/013818 system has been designed to

be easi lwo asbapdabl e to other embodi ments of the presentperiiRy&iiichHis
including, but not limted to, CATV networks. The services nanagenent

system 1400, as shown in FIG 14, includes a plurality of service
applications that can be a conbination of one or nore conputer

appl i cadyb@ithasbes@liéNecd 10BE LSS, ade ORI LS bthRf Q9baMIRehRGIrut figeenpi | 11 ng and
revenue applications 403 operatlons and managenent applications 1404,

servi ce, @é}goﬁqﬁ&%ﬁé Mt%t ﬁftnﬁgapogserw &?Oé%ons 1405, marketing and sal es

support app I cation applications 1407. One
skilled in t e art, can reallze that  t he service ilépllcatlons within the

servi ces Sesraninagseert sy sigmol 09nasbeendn Kid- §4 irsddss & plirelitysther

service appl ications. Exanples of this would be the need for the marketing
sal es aatvicaapplications Okt cer te agombinatios ef sneccershamenmpoted uptlidatifier mat i on and
procedures contained in the service and customer provisioning applications

1405 andfthiald mb@ulds) SomPuRR B ofiRY ineRIdURABilADBd ﬂeoelﬁﬁlféngéh&ﬁon& Ngp3ser vi ce

applications may require supportive el ements that res 15 ot her

el enent enment system 1400. . These ot her

el errent %grﬂﬁg %ﬁicﬁg#eég ﬁ}eﬁﬂp plclz%%f)%ﬂgr%? %’ Gt 5 cpét};)garer Bt ésrlr%tBBg ment such as,
but not mtedﬁ the  multipl exer 1700 as shovvn in FIG 17 and line

i nt erfé‘é’@ IGRigNS L4 msakeiing agd S@ﬁ%WEPPPﬁ appligations, gality|ofseyiceReP) supporti ve
el ements for service applications wiwthin the services managenent 20 system
130 camppetiodel4M.r d-party systenms and dat abases that reside outside the
preferred enbodi ment. Exanples of these include, but are not limted to

video and aweqkaRdih &g arPEsﬁlVﬂte@ieSthaiﬁﬁé%é}%CQ LEMiARbSy wﬁﬁﬂlth&s'ﬂ&he%& servi ce
providers (ASP), e-mail services, unified nessaglng, energency broadcast
ango Notylfib £ah 4R Yyst&h 9400 can depend and integrate with other service applications.
Examples of this would be the need for the marketing sales and support 1406 needing to
access customer account information and procedures contained in the service and customer
provisioning applications 1405 and billing and revenue applications 1403.
In addition, the service applications may require supportive elements that reside on
15 other elements outside of the services management system 1400. These other elements can
include other components of the preferred embodiment such as, but not limited to, the
multiplexer 1700 as shown in FIG. 17 and line interface device codec 361 as shown in FIG.
3 and FIG. 4
Other supportive elements for service applications within the services management
20 system 130 can include third-party systems and databases that reside outside the preferred
embodiment. Examples of these include, but are not limited to video and audio service
providers, gaming providers, application service providers (ASP), e-muail services, unified

messaging, emergency broadcast and notification, etc.
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68 WD 2003/ 094461 PCT/ US2003/013818 The hardware architecture of the

servi ces managenent system 130 can consist of a centralized, distributed
or gri d%ﬁ‘ﬂ’&ﬁ?ﬁ@l model and can include a conbi nati on PET/ES90H9138180r €
processi ng devices s such as, but not limted to mainfranes such as | BM
3090, IBM RS/ 6000, PC s, workstations such as H P, Sun, Conpaq. 5 Each
processing device can dictate the operating system reciui rements and
options. Theedpedware arphispatisred thessivicks manageraens sysiem| 13 ficadonsést bhe many of
the variants of Unix, e.g. Red Hat Linux and HP-UX, |BM mainfrane

oper at icegtraizst! adistribeted or MVBLIDRUtid 68 ahd canVihblaws combbateedf epesrat i ng
systens such as eCos, VxWirks, QNX and hardware. In addition, the hardware

ar chi ! Ghbiifod@ing AR sAlh £LBI 1 R4 % nillHablUhAhdTBY 3oc TRt OF ag€

devi ces. These nedi a devices c¢an I nc e standard magnetic orage systens
such i di sk .and ta optical storage systens, nedia storage
arrays?a¥§@ﬂtpgﬁﬁvﬁ§%%ﬁ 95$H%§§%Q?o§§b Yfla devi ces can be local or
renpte to the processing devices and can be interconnected to one or nore
of fhe har dWde pa@wsmséemﬁ@rcan distate theopstabing sesteBTRIqUireRats and pptidrisand,

net wor ked bus such as i SCSI, Fi berChannel, communications protocols 15 such

as NFS TandpdiaRhg BpticiRéndhaded bhintre hbidimRédiothe MANVELME RuristSbETNik3E g,
conponents can be stored in standard file formats, e.g. ASCI| text,

bi nary R.AQRT SR8EHd I85-Er¢, 1B ﬁ%ﬂ@faﬁe%}geiaﬁng F%%b(’f,%e EQ?%@%@M@%EO@ ot

limted to Oracle, Sybase, M croso cces _ aée an
700 antQel B raiL B it et eSS T rRS AN lEREEE: on packages
and engi nes_can _be inplenented in full or part including, but not limted
to Mat ri xsoft additon thq berdware axgbélgetiierrgn isostisied genma&i@@cb@regmibm owsli& or
custoner care and billing, PeopleSoft, Siebel and At hene software products
f ol0 69storage devices. These media devices can include standard magnetic storage systems such
as disk, disketie and tape, optical storage systems, media storage arrays, cache and
memory. These storage media devices can be local or remote to the processing devices and
can be interconnected to one or more of the hardware devices over local bus such as SCSI,
PC, Infiniband, networked bus such as iSCSI, FiberChannel, communications protocois
15  suchas NFS and TCP/IP.
The data for the service management system 130 components can be stored in
standard file formats, e.g. ASCII text, binary, compressed, etc., in memory or in a database
such as but not limited to Oracle, Sybase, Microsoft Access, MySQL, DataSpace and a
chaotic database.
20 In support of some of the service management system 1400 and associated service
applications. Third-party application packages and engines can be implemented in full or

part including, but not limited to Matrixsoft’s eMatrix for expediting business processes,

Amdocs for customer care and billing, PeopleSoft, Siebel and Athene software products for
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WO 2003/ 094461 PCT/ US2003/013818 customer care and support systens, and
on-1ine shopping technol ogi es such as shopping carts, credit card

pr ocessivg 260394481 er net web servers such as Apache. Adectrivspasossis war e
devel oped for the service managenent system 1400 and associated service

applications can be created in a plurality of software |anguages including
5 C C++, PHP, ASP Vbscript, Java, SQ., enbedded SQ., OBDC, COBOL and can

i ncl udecstifindd e BreQbnd\sapp RS sRRR] hftBdd-Be Mo ﬁﬁlgmlﬁ&ohfég andtAgamoppiayi ded by
third-party products "~ such as Custoner In ace 1409 into the service

managenent s m,1400 and (e | icat l,on occur via a plurality
o ot nants S G Rt R B P A S P R s eer . PO, "a

t el ephone and _a cell phone, In addition, user access or service nanagement
syst em 1400 £djtienalsoRyagidexelopeyl for Hip sepisopenragement e ended

enbodi mnent such as a set-top box, or Internet appliance, etc. can be

recei vedsddiaed sdneice Myplicappbrexan bk ¢0Qtedsn 2 phwalitywt BofBva8 lanphagdsGnelddinghe
billing and revenue support system 1403 provi des support for the many

facet s ¢ 1o+0fPHP, IASMUbaRth, TaVL YA, eRbbadGL, B DCOLOBON, h&HcAtinublid | NY,

rat es nmanagenent’, processing ‘and rating of user usage records, the

managengent.  of. pr.oduct ;and servi ces packages | DEOML 1 O

i sco. hF b SRR SR ST E ARRES PRy BBER B

Mai nt enance (OCAM 1404 - El enents of the preferred enbodi rent of the
pr esentSUFdention will collect and maintain information related to
providing insight 20 to the performance and operational aspects of the
preferred erbwthmarihterfmxaiilodatoahie pavice nrmageeamn systgne 1 400 and seadiceat or s
include, but are not limted to statistics for transactions, network

t 1 ansaghhRehtioHBER] docHS FE S pIRLBEIT I h IR 39 BudiHS Hut AGCARRRed 1o REFRLI ON,
dat abase transaction, 1 nput/output transactions (bus, disk, network, card),

di %b 7%1'(\)%5:6)[, aZPBi/, g%ﬂép%]énep gnré g §621? 81:13({11%.1 %118%(§dition, USer access Or service

management system 1400 requests originating from components in the preferred
embodiment such as a set-top box, or Internet appliance, etc. can be received from the
Multiplexer 1700 as shown in FIG. 3 and FIG. 4.
The billing and revenue support system 1403 provides support for the many facets
15 of billing and revenue including, but not limited to billing, rates management, processing
and rating of user usage records, the management of product and services packages (plans,
promotions, discounts, volume), sales commisstons, taxes, etc.
Operation and Maintenance (OAM) 1404 - Elements of the preferred embodiment
of the present invention will collect and maintain information related to providing insight
20 to the performance and operational aspects of the preferred embodiment.
Examples of performance and operation indicators include, but are not limited to
statistics for transactions, network transaction, memory usage, processor usage, USer access

information, database transaction, input/output transactions (bus, disk, network, card), disk
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transactions, cache transacti ons, network usage, network overflow, network
re-routes, network bl ockage and service interruptions. QAM i nformati on may
be st or &P AN0Eehs out | i ned above under "data storagePCT/Eb20k&#13818 t he

devi ces where the OAM i ndicators are nonitored and collected or they can be
5 pushed to a "data storage" elenent within the preferred enbodi nent or on
a third-party system Likewise, OAMinformati on may be exchanged as

out | i nelirngpesinasnaeles ransectiogs friehveorkamagst nétivoflovvraflowrmetwotkargeittesyi t h ot her
servi ce managenent system 1400 applications such as quality of service

appl i catdtworklOokagd Andbsbvitd mm@ﬁwhgan exchange 10 information as outlined
above under the definition of "information exchange”" with third- party

S ™ D AM MR R 8 i RORE Ly N In I lalS By R 1 M ted O

an HP QpenView or 0 nonitoring and operationa Stens.
Servi ce.Provi sionin | ication, 1405 - Servi.ce praovisioning_applications
1405 ar@her ‘é‘%ﬁ’&ﬁ’g?“ﬁg%‘?’ﬁ%? the, @F%%?Iﬁ@l%?‘m@rﬂﬂdc@ﬁe%d psbey cErbe he

preferred enbodi nent. Wien a 15 user wi shes to add, delete or change

ser vi casishadcl adslatarsiargestelamat witiaoths praféroebenbrelimentir oa anthirdgertent

systenm s 1400 provisioning applications 1405 are largely responsible for
the nmapeaginng the change request anong the many conponents that conpose the
preferred enbodinent. For exanple, if a user wi shes to add Internet

service, the ;g&alul ARSIl AR catd Wl .issue a
request to tﬁe h}u(%g;?p elxedr ?@%})H)tg%bé%oca%égcaggggﬁir%géaéggenﬁl e;%‘éhr“’f or m ot her
operati nsm.ssion of |nternet services between an

i ops.. t hat..e ablg thehtra
end- uéigﬁmgﬁa of hRuqTmagpy e¥chaper” iith Piheiserisrmanssmeat yeism 5%hi ng
applications 1405 will send a request to end-user's interface device 361
as showaPliqatippGuch aa gaelidy of sesyieeiapplicgtion 1405. Labdditian,d Abbcuraxebargad per f or m
procedures that enable Internet services. There could be 71 WO 2003/ 094461
10 information as outlined above under the definition of “information exchange” with third-
party systems within a Network Operations Center (NOC) such as but not limited to an HP
OpenView or other network monitoring and operational systems.
Service Provisioning Application 1405 - Service provisioning applications 1405 are
responsible for the provisioning of services to users of the preferred embodiment. When 2
15 user wishes to add, delete or change services such as Internet and video services the service
management system’s 1400 provisioning applications 1405 are largely responsible for the
managing the change request among the many components that compose the preferred
embodiment,
For example, if a user wishes to add Internet service, the service provisioning
20 applications 1405 will issue a request to the Multiplexer 1700 to allocate resources and
perform other operations that enable the transmission of Internet services between an end-
user and the Internet. In addition, the service provisioning applications 1405 will send a

request to end-user’s interface device 361 as shown in FIG. 3 and 4, instructing it to

allocate resources and perform procedures that enable Internet services. There could be
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PCT/ US2003/ 013818 addi ti onal requests fromthe service provisioning
application 1405 to any one or nore preferred enbodi nent conponents for

al | ocat ivng 26@88046ces and perform ng service enabling paagdsrRdssign
addition, the service provisioning application 1405 may respond to requests

and 5 issue requests to any of the other service managenent applications
in the support of provisioning services. In sonme cases, the provisioning

of ser viddisiofif) reciests Bont i lservi @ROpHbiiSiochBEUppEtionl1Los & h{ﬁfbrﬁr'lg ik Vi ce

enabling requests to third-party systens and services tHhat access the

f [ ' ' lLimted i.dea feed I
Cervi cod e o0 PanneitaBbBhnt it fplifing e ol oifrirBlie {FERLs (o

subscribe.,to a particular nusic stream ng service that is provided and
access faab ﬁﬁ’F‘gF‘fl‘érHS-by a third-party service provider, then the service
provi si oning application 1405 woul d request the third-party service
provi der to dtions drediervgeeaprpatisiantag atplivatiincl 406 meantetmondhe rapests s&l
managenent system 1400, or the 15 multiplexer 1700 on behal f of the user

who ¥ eqisesd efudshao 98y ¥f th@-o@r%ﬂv?de'rﬂanab@m%t?&?gﬁca@x%ﬁé %e%ﬁpdﬁ?pof{ he nusic

stream subscription service, then the “Serv Provi si oni application
1405 woull d: sek S%n;ig%uest to the third-party service provider. Any nethod
of co nicatimg 1 nstructions between the managenent system 1400 20 and
the third-party service providers. A request for the Service Provisioning
Syst em 1405 5 aESn e ST igRnimg ! s¢rvice foriattser eovltheegnive rasomponent s to t he
managenent system 1400. Upon receipt of a service provisioning request, the
Ser vi cealPcghidnsindrsericeSyeblmg rebteds tathird early aghkinhi anbderviegiubatascdsotHehe ot her
systens shown in FIG 14. 72
preferred embodiment including, but not limited to video feeds, Internet services and
10 telephony service.
For example, if'a user wishes to subscribe to a particular music streaming service
that is provided and access is controlled by a third-party service provider, then the service
provisioning application 1405 would request the third-party service provider to begin
sending a particular music stream to the service management system 1400, or the
15 multiplexer 1700 on behalf of the user who requested the service.
Similarly, if a user decides to end the music stream subscription service, then the
Service Provisioning application 1405 would send a request to the third-party service
provider.

Any method of communicating instructions between the management system 1400

20 and the third-party service providers.
A request for the Service Provisioning System 1405 may originate from any of the
interconnected components to the management system 1400,
Upon receipt of a service provisioning request, the Service Provisioning System

1405 may send additional requests to the other systems shown in FIG. 14.
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WO 2003/ 094461 PCT/ US2003/013818 Marketing and Sal es Support 1406 -

Mar keting and Sal es Support 1406 application of the service managenent
system Y&bﬁ)‘)”?’gs’#@sponsi ble for the collection and procREHUBHIEP13818
information as it is related to marketing and sal es anal ysis. For exanple,
usage information regarding the services provided by the present invention
can be analyzed individually or in 5 aggregate to determ ne the popularity

of servi ces MakeHngand galay Sipmort 1496 + darketmesiod Sglesappeit &4@4 srpdication

enbodi nent's service offerings, user service packages, etc. In addition,
t he Mard{ehé segvienthaBadeesnSeysmnn {44 Gespongiidn éort theraylldéctioh anképtobessingef of
third-party systens including but not limted to Athene's i CRM suite, APT

Chur nTNhARSatidd s iPisbiatelb nhdr o388 kYRS Snalbfsfid Ut %xﬁrﬁpl@f’ﬁs‘ﬁgésqn@&mation

profitability of products and churn of 10 ‘customer servic These

third-party: t I not_be .co-located with the.service .
mnageneit ug AP CoaRle TRy o Rero g ron O 2t Be et b e fdgi ng o
data contained within the preferred _enbodi nent. Al so, the Marketing and
Sal s Sgpsente ta degrmaips thernopularitned sgpdossiad qiher Bger mratries fostailpdng thei cs and

| ogging utilities such as but not limted to WebTrends to anal yze the use
of 15 vetferadbhbdlipreotssdrsicanifesegsyiee seroice phekapecter red enbodi nent .
Quality of Service 1407 - Quality of Service application 1407 is

responsi bl e [t @dditifRNAIMIGkREAHA S8Rs Blshdt NRI6 SRIPRABRMS WElBL hetdis
preferred enbodinent to provide quality of service to the users of the
ri

preferred. i o i a ty of ra i udi ng but
not |i r(r)l? &elgﬂﬁ%wusgg@hlss élr%gll?‘%{e}g F‘g&eq? ﬂ%ﬁgég%‘éﬁtf%wf §E S,m%ﬁ‘é‘? ?t%{ﬁug?wf’é‘g service
required_for product and servjces provided or supplied by the preferred
enbodi ek Profiabiigy Ry pelpvase prasugts de deipmnine Brafabi v bragp ragdichumes ponsi bl e
for the managing the quality of service oriented requests anong the many
conponenstemthser vicsnplitiesethindepariyrsegens mapve ntay ant be/So-1Ca2003{HIA4 461
PCT/ US2003/ 013818

service management system 1400 and may include the use of sharing or exchanging of data

contained within the preferred embodiment.

Also, the Marketing and Sales Support 1406 system may include the use of web site

statistics and logging uicilities such as but not limited to WebTrends to analyze the use of
15  web-enabled products and services of the preferred embodiment.

Quality of Service 1407 - Quality of Service application 1407 is responsible for
managing resources and other components within the preferred embodiment to provide
quality of service to the users of the preferred embodiment. Depending on a variety of
parameters, including but not limited to user service level agreements (SLAs), quality of

20 service required for product and services provided or supplied by the preferred
embodiment, the quality of service application 1407 is largely responsible for the managing

the quality of service oriented requests among the many components that comprise the

present invention.
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If the Quality of Service application 1407 determ nes the need to adjust
the I evel of resources and/or the perfornmance on behalf of user(s) of the
pref err 840 a030I49ENt , the quality of service applicat ipan/iB4@d/onssis | ssue
such requests to the required el enents, service applications and
third-party systens. 5. In addition, if one or nore operations anbng one or
nore of the preferred enbodinent el enents, service nanagenent system

appl i cat i onslfadQuality bf Bevparpplisyiondre? deteenineqibicmeed torad§up firlevedbfqual ity

of service, then the quality of service application 1407 wll issue the
requi r ebsiecuseatior e fRRrhatd Gesthelr SFBRLE) oSBE HiaEaPRhb Sk Beand/ t hi r d-
party systens. 10 Web Enabl ed Products and Services 1408 - As previously

not ed, . -al.. S -et hods,int o e preferr enbodi ment of
e pr LB o e Rl B RGBT 0P Pl afdols "G aShe deffites "anc
products that are. typically accessed by a browser-enabled device such as,
but notSFYiH TRE C?twnéaﬁ‘gﬂﬁifgmoﬁysﬁ@ssonal digital assistant (PDA.) These
devices typically run some form of browser software such as but not limted
to M crosof tingddilién)ifipas nemofxqeotions emoebiscanace dityseferreBy web- enabl i ng
the applications in whole or in part, a user of the preferred enbodi nent

can accesodifgierhents sérbRe m&%&ﬁerﬁ@ foaB¥Rd SISk tﬁ&@-ﬁ%@‘? Rsterd | ons.

VWb enabling an application inplies that the user can cont conponent s

ot ondhy SAundbnEfiel 0P bR MG IR iRy fr AL BLsorttle aRABRRARAR | nct ude,

but are .not limted to accessing and nmodifying user account and billing
i nf or mati{idisue feceursdgeaursisdndhe earisedalemeriss.sempies anphicatinns asd@hrdas on- i ne
chat, instant nessaging and hel p web-pages, subscription services such as
r eques ey systenam- demand nulti-nedia feed and the ordering services and
products, etc. 74 WD 2003/094461 PCT/ US2003/ 013818
10 Web Enabled Products and Services 1408 - As previously noted, there are several
access methods into the preferred embodiment of the present invention. Among those
listed are web-based services and products that are typically accessed by a browser-enabled
device such as, but not limited to a computer or personal digital assistant (PDA.) These
devices typically run some form of browser software such as but not limited to Microsoft’s
15 Internet Explorer or Netscape’s browser.
By web-cnabling the applications in whole or in part, a user of the preferred
embodiment can access segments of the service management system’s 1400 applications.
Web enabling an application implies that the user can control components segments an
application via the use of a browser.
20 Examples of web-enabled application segments within the preferred embodiment
include, but are not limited to accessing and modifying user account and billing
information, accessing customer care and help applications such as on-line chat, instant

messaging and help web-pages, subscription services such as requesting an on-demand

multi-media feed and the ordering services and products, etc.
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FIG 15 is a block diagramof a transmtter according to one enbodi nent of
the present invention. FIG 16 is a block diagramof a receiver according
to one AYPIYPHEHE! of the present invention. The transPETAUSH03AE8%Cei ver
of the present invention consists of the follow ng functional itens
including but not limted to configuration, systens 5 operations and
managenent , fulse_generation, pul se train generation, si%nal processi ng

i ncl udi ng filHGedp g Blegk dseraa af 3 wansmitter secarfingtio one embpdmensofthear e
managenent and configuration, feature control, Ethernet configuration,
devel oppresent Bavehtiomal FIGi b& is alsbelgdinpgmadpabidivdriaesordiapdo 0a¢ ¥abddimeht chi ng
and routing capabilities. The transmitter and receiver can be constructed

of har %ﬁ@%ﬁ&(ﬁt AREANG]. The Jﬂgn&‘?i?@iﬁx‘e)zf}gﬂ%éei{ré? of ﬁfea%?seehg T v@ﬂ?o\ﬁecofnbﬁgt% tﬁ'ﬁo nal ity

i ncluding, but not limted to: pr ogr anms e arrays &), FPGA

I ntell Pr oper ares L. C,. processors, evice drivers, digital

si gnal %gogigé’v S @me %éﬁi}t?mﬁé%ﬁh‘ﬁ b‘R I'—anrléWt?cE-:,?O RUBHPROWEFES Bus, DVA,
real_ time operating systems (RTOS), debug ports, Mcrokernel, nmenory (RAM
ROV Flopsations and)ymanpggsment, palsagrneration, fuliedravm genpeationt sigudlgirecassitg anal og
converters, 15 analog to digital converters, phased-|ocked |oops, clocks
and ot heedludibgfitterink sldeatrrdaph, pulsrgyacieotisatidig ssfsare thnhgdséddgn@ne skil | ed
in the art would recognize as required to integrate conponents into a

tr ansmichh@gurditth, FRGRE L6fitrol MEfernt? cd%ifgﬁram)ﬁcd&vglic)?ﬂﬁ%@reﬁ—tmﬁ tiplexer,
I T co ning two o

Mul ti pl exer 1700 is capable o nore incomng data feeds

A B, an .ont 0 _.a..commpn transm.ssion 20 medi um connected to I/ O ports A
B, and%&ﬁ‘l cﬁ%n}% cﬁga%gﬁ%% a?ﬁa wo W‘?‘”ﬁ?ﬁé‘ 'I?u%af?@ﬁmsf- The mul ti pl exer
1700 is capable of tine division, code, and/or frequency division

mul ti pl exi ndhe fanymigeeset reesivs ces be eenstrisied obhardwersrandsbftplene subsyst em
1701, data plane subsystem 1702, trunk card 1703 (only one is shown for
cl &9 i t yympanentsl ib necateathd abdveinctinai iZdQBHE B 6dt limited to; field

programmable gate arrays (FPGA), FPGA Intellectual Property cores, ASIC, processors,

device drivers, digital signal processors (DSPs), Ethernet, FireWire, Open Peripheral Bus,
DMA, real time operating systems (RTOS), debug ports, Microkernel, memory (RAM,
ROM, Flash, disk), memory management, file management, digital to analog converters,

15  analog to digital converters, phased-locked loops, clocks and other standard electrical
components, boards and housing one skilled in the art would recognize as required to
integrate components into a transmitter and receiver.

FIG. 17 is a block diagram of a multiplexer. Multiplexer 1700 is capable of

combining two or moie incoming data feeds A, B, and C onto a common transmission

20 medium connected to YO ports A, B, and C on line cards 1704, 17047, 1704>°, and 1704,
The multiplexer 1700 is capable of time division, code, and/or frequency division
multiplexing.

Multiplexer 1700 is comprised of a control plane subsystem 1701, data plane

subsystem 1702, trunk card 1703 (only one is shown for clarity), and line cards 1704,
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PCT/ US2003/ 013818 1704', 1704", 1704"'. Line Cards 1704, 1704,', 1704",
1704"" are conprised of transmtter 1500 and receiver 1600 as shown in
FIG 15wodoik®s461 G 18 illustrates the basi c conmponentrxTafis2béamassint er f ace
device 361. The line interface device 361 is conprised of a transceiver,
which is conprised of a transmtter 5 1500 and receiver 1600, ports for
connecti ng to transm ssion nediuns 1801, 1802, a port f o r connected to
si gnal wioag 14607, 1744 °0pLineGardpt 708e s, 17@ ld7aﬁﬁ’mptcpmﬂvaﬁedrmﬁmry 1820.
The line interface device's transceiver handles the transm ssion and

recei pt ﬁglnﬁ?e&%é%%@%e%mvaem@@%@sﬂow&ﬁme dswhagqs, such as, but not linited
to a Pér set-top etc. (not shown), and rrultl pl exer 1700 as shown in

FIG 17, F Vi a. transm SSI on

rect um 1801 16- 18 fusifer difiguhRRRE AR LR Rkt hice ad), ThAATT

tel ephone twi sted pair, coaxial cable, CAT-5 cabl e, | i ne etc but
excl udastetfabredevige: 16 is spapusadaif adempesiveshi Chl%wpr@sam%eﬂ@n%{n%m ce (not
shown) such as, but not limted to a PC, set-top box, or hone networking
routser , 1500 add paetved D600) @ofts fre cbnmﬁetiﬁguetrmmméomdium 180 NSPsgspot 15

medi um 1802 in order to transmt and receive data froma renote source. The

ports fgr ﬁo@%,@t@&gq ﬁ%ﬁﬁ%ﬁ@ﬁﬂdﬂ!%é&hﬁ%ﬁ&&%bﬁ%ﬂ atﬁbltolgﬁbﬁalfiiﬁﬂmdry%n@d to an

RJ-11 jac or t one twste alr, an RJ-45 jack for an Ethernet

connect I.EE Fire Wr.e C Slot,

fi ber othq@e 5 (fsd\fﬁ“ﬁ Gt aggﬁ gquﬁ@gﬁ'yédnanﬁrg té)gg i n!%gr ation
poi nt for syst ens such as, but not |limted_to, Blu tooth 'o‘%%‘ 11 a, .20

802. 1 |tstwesntausers devian@ucheass butt jimjisd tpaHiC. Fefrtop aﬁsfﬁ? Seoighopayiahth 1802
is showmn for clarity, but the line interface device nmay be configured with
any Corflfi ?wxanl 700 RdHbWh ONEIG. 170FIGs A4, metfivieatdansissian 12608m0BH46 1

PCT/ US2003/ 013818

10  Transmission medium 1801 is a metallic guided medium such as, but not limited to,

telephone twisted pair, coaxial cable, CAT-5 cable, power line, cte, but excludes fiber optic
and wireless mediums.
A user connects a device (not shown) such as, but not limited to a PC, set-top box,

or home networking router, to a port on the line interface device 361 via transmission

15 medium 1802 in order to transmit and receive data from a remote source. The ports for
transmission medium 1802 may include, but are not limited to an RJ-11 jack for telephone
twisted pair, an RJ-45 jack for an Ethernet connection, JEEE 1394 Fire Wire connection,
USB, RS-232, a PCMCIA slot, fiber optic, etc. The PCMCIA slot can be used as a
wireless integration point for systems such as, but not limited to, Bluetooth, 802.11a,

20  802.11b, ultra wideband, etc. Only one port for transmission medium 1802 is shown for
clarity, but the line interface device may be configured with any combination of additional

ports as required.
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A general description of the present invention, a description of a

| abor at or prototype, as well as a preferred enbodi nent, and alternative
enbodi 2004846k pect s of the present invention has DERBS2083/01B818t h above.
Those skilled in the art to which the present invention pertains wll
recogni ze and be able to practice additional variations in the 5 nethods
and systens described which fall wthin the teachjng f this invention.
Accor di ngl y A ganeral deseriptien pf e Orese Inratiand 499%10&@ ag%ﬁ%*er& o be within
the scope of the invention, which is to be limted only by the clains,.
appendegebthigpetas wellasAgeafeirsd Beboditient, RibalGrBTEs ehbaenisand aapentdiofi s: 1. A
nmet hod of data transm ssion, conprising: representing data using at | east

one p%éﬁe&%ﬁ%@%arﬁha%eééé@&mv&oms@rsm@aﬁ tHRaFt th 3 Hioh B pesteN

characteristics o n electrically guided nedia;, sending the at | east one

pul se ogver .an el ectrically.conductjy ui.ded. medi a; _r rkng the data
fromt %veaftloqgggatm Wélc It a?g%‘?ﬁ" leﬁgpﬁaghg%?ddé Oanlaﬁvafla\?\lﬁfez%/% tﬁgt he step of
representing data includes representing data_ by difying a tine domain
si ghat ureshasls 9aé Fysies dgsenbasarhiclfall wighig the féﬁ@éﬂ&ﬁﬁg%ﬁw%m@ The nethod of
claiml1 wherein the at | east one pulse includes a plurality of pulses and
var i ablpecsiiagss allstviesndifivatigsland additiensre dednoed tofeesithin theatcape df thihe

met hod of claim 1 wherein variable pulse characteristics of the at |east
one _PlREGAL SyHIPA (b Be IR SRH by IA airk, aftfabphéted of cl aim 1 wherein the
guided nmedia’is selected fromthé set conprising a coaxial cable, a

tel ephone twi sted pair, a category 5 cable, a power line, and a netallic
body. 6. The method of claim 1l further conprising sending a wave-based
transm ssion over the guided nedia. 7. The nethod of claiml wherein the
step of recovering the data fromthe at |east one
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“pul se includes recovering the data fromthe at |east one pul se at |east
parti al | AgelraBefiNo®5670 376582 domai n signature of the at | east one pulse. 8.
The nethod of claim1 further conprising selecting characteristics of the
Gaussian wave format |east partially based on the guided nmedium 9. The
met hod of claim 1 wherein the step of representing data includes applying
an mar rrtndu{ ati gn_scheme based on timng of the at |east one pulse. 78
Agent' s RE: 6 376592 M The nethod of claim9 wherein mis an

integer pf atahfasdd @fdaialnmﬁnﬁg%td?eeorﬁﬁﬁﬂeg:ar%f _fﬁg%%'ta%'n aﬁ'ﬂpishéﬁeng:
creating a plurality of pulses based on a ussi a mavef m the pul ses

havi ng gulserasebomai hassstanayavedoamdt Rastipaeiatp Haded equbacyterisiusmifansi gnat ur e;
sending the.pluraljty of pulses over an electrically conducting guided

medi a si%@%ﬁgﬁﬁﬁﬁﬁ% S%ﬁ%ﬁ% & 0ps Sl Py raRleiGlly cudictivhe gui ded
medi a. ideiNBe BB R o #lediaM j ided nedia is a cable line.
13. Thejg;%rléetehode of’ cl aiem% Ie v?he%%ﬁn\rgﬂéf tgédggh{“gﬁ}éﬂ%édi ais a telephone |ine.

14. The method of claiml | further conprising receiving the plurality of
pul ses data associated with the plurality of pulses. 15. A

nd tractin |
met hod %f dat etfP%tf\%g%%lﬂlah,lW FRo ihsistRg: of reppesuibig i inghides teprergntang | east
one pul . ks | 0 65Q_ns and
the af ‘B2 mAuih?} LAk REIE R AR AKAR N Sl MedkPol@ilhas the at
| east one pul se over an electrically conductive guided nedia; recovering

the data fromthe at |east one pul se by applying. correlation to determ ne
| ocat i ors asgééinéqt]é‘bd o gl h@’?‘ﬁlfe}‘} bgst _f/eéﬁ opepyiss inpbideypeluralitiod poksex| ai m 15
uher el N, hGa Rl e cGORE BREY e IS REdhAd e sel ected Tromihe set
conprising a coaxlal ca Fe, a‘te epﬁone tw'sted palr, a category 5 cable, a
power line, and a netallic body. 17. A nethod of data transm ssion for

t el epho a i cations, .conprising: representin
P qy p%Jhe met oc{1 of claim WherePngvanrabltze pulse charagteristics of the at least one

pulse are used to represent data.

5. The method of claim 1 wherein the guided media is selected from the set
comprising a coaxial cable, a telephone twisted pair, a category 5 cable, a power line, and a

metallic body.

6. The method of claim 1 further comprising sending a wave-based transmission over

the guided media.

7. The method of claim ! wherein the step of recovering the data from the at least one
pulse includes recovering the data from the at least one pulse at least partially based on a

time domain signature of the at least one pulse.

8. The method of claim 1 further comprising selecting characteristics of the Gaussian

wave form at least partially based on the guided medium.

9. The method of claim 1 wherein the step of representing data includes applying an
m-ary modulation scheme based on timing of the at least one pulse.
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~data using at |east one pul se based on a Gaussi an wave form the at |east
one pul sgeh@ReNSo Ps6UkeFe2 W dth sel ected at |east partially based on
radi ati on associated with a tel ephone twisted pair; sending the at |east
one pul se over the tel ephone twi sted pair; recovering the data fromthe at
| east one pul se; sendi ng wave- based transm ssi ons over the tel ephone
twsted pair concurrently with the sending of the at | east one pul se over

the tel eﬂf‘“%ﬁé%%ﬁﬁ'o?ﬁiia{) 95%6‘3@&‘??‘}‘55"“%%%%'}53“}@;@0 376592 18. The net hod

of claim17 erern eac a east o0 se has a center channel
frequency of between about 300 KHz and about 150 MHz. 19. A nethod of data
transm ssion over cable television |lines, conprising: representin dat a
usi ng at!l east mateodRf] data prnsEHSSHA, ORISR Heakag & Phapiy af palseg basedien aone

| se haj i _ S v oon:
Besoci aretinef wegHolf, B lReC Rl FarR uoniheRiih U Xy BRIRE iRy P

over t heidhadh igh@hRy b&iddip the phiralitp oOpelstsg et hecldatioally nduéthg @lidddeast one
pul se; sendi ng wave-based transm ssions over the cable television line

concur r gnedig simulianeayslyswitia pengingg wavteebaged frangatissions oyer die soided madén. t el ephone
twisted pair. 20. The nethod of claim 19 wherein each of the at |east one
pul se has a center channel frequency of between about 300 KHz and about 2

GHz. 21.12A nefteafctbd 8pdlaint 1 BRGEIeHEIhe Ruléed imadifis hdablddinecONpr i si ng:
representing data using at |east one pul se based on a Gaussi an wave form

sending the at | east one pulse over the data bus; recovering the data from
the at l.east .gne | se. ,sendj ng_separ at ignals qver, the. data bus
;concurrelﬁt |y %etrﬂ&#%ciog(éﬁlg} ﬂ]g“'gFrefIﬁ eﬁ‘&@&&r&la&ﬁgqﬁlﬁf@é‘eg\%r t he data bus.
22. The nethod of claim 21 wherein the data bus is associated with an

autonotive vehicle. 23. A systemfor data communi cation, conprising: an
el ectri dél | y Tdemaetbed oclgim tedrthepenroprising yeceiimigithy plorality pépulsasend ace

devi ces gper.atively connect to the electrically conductive guided
medi um eéﬁ%%m&fdaf%%s% ‘%?(g?"ﬁltﬁgh%ﬁ%lﬁéO%‘ﬁ%ersf ace devices conprising a

15. A method of data transmission, comprising: representing data using at least one
pulse of a duration between approximately 0.50025 ns to 2650 ns and the at least one pulse
being based on a Gaussian wave form; sending the at least one pulse over an electrically
conductive guided media; recovering the data from the at least one pulse by applying

correlation to determine locations associated with the at least on pulse.

16. The method of claim 15 wherein the electrically conductive guided media is selected
from the set comprising a coaxial cable, a telephone twisted pair, a category 5 cable, a

power line, and a metallic body.

17. A method of data transmission for telephony applications, comprising: representing
data using at least one pulse based on a Gaussian wave form, the at least one puise having a
pulse width selected at least partially based on radiation associated with a telephone twisted
pair; sending the at least one pulse over the telephone twisted pair; recovering the data
from the at least one pulse; sending wave-based transmussions over the telephone twisted

pair concurrently with the sending of the at least one pulse over the telephone twisted pair.
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transmtter for transmtting data using at |east one pul se based on a
Gaussi ansgemyéBelf N6.Ps67@BdssseNdi ng the at | east one pulse of the electrically
conductive medium a receiver for receiving at |east one pul se based on a
Gaussi an waveform a processor operatively connected to the receiver and
the transmtter for representing data as the at |east one pulse and for
recovering data based on the at | east one received pulse, and a nenory

operati vy TMeKbEEr LRI ¢ We%?é&ﬁrofﬂ%oatf&%neé)uﬁ%fhas NQentEr&aind 6592

24, An apparatus for data comuni cation, conprisin transmtter

oper at i edqpenayarfibettesd aboute300{dz tnd staduk y5€dHHuct i ve gui ded nedia for
transmtting data using at |east one pul se based on a Gaussi an wave form
and the electrically guided nmedia and sending the at |east one pul se of

the eleglyic ntgqﬁ |
t he el egligf [ c% W con uctajl tx%sgﬁgddﬁ ? Veﬁgib?&%le\{&ﬁoélgl glﬁr\? ?‘Erﬁ)n){&l %&gﬁéfgul se
based @atas@ﬁﬂeeahowmﬂéahmd en p Caossaowaeformythy e lyasﬁ ona p@l&eﬁa\hﬂg hhe

receiver t tter representing data as the at |east one
pul se akd SFd’Yld&’eS& % aafaaaaﬂqa%@ae pn radipbion psspeiated votea pabdetolavisipnl se;

and a Mgirgr yen@ﬂlgrtﬂé hMEdey oﬁgﬂﬂ%%\?eq tﬁ@cabﬁ%e@@ﬁﬁ)ﬁqﬁlgf recgaenng the data from

the at least one pulse; sending wave-based transmissions over the cable television line

concurrently with the sending of the at least one pulse over the telephone twisted pair.

20. The method of claim 19 wherein each of the at least one pulse has a center channetl

frequency of between about 300 KHz and about 2 GHz.

21. A method of data transmission over a data bus, comprising: representing data using
at least one pulse based on a Gaussian wave form; sending the at least one pulse over the
data bus; recovering the data from the at least one pulse; sending separate signals over the

data bus concurrently with the sending of the at least one pulse over the data bus.

22. The method of claim 21 wherein the data bus is associated with an automotive
vehicle.
23. A system for data communication, comprising: an electrically conductive guided

medium, a plurality of line interface devices operatively connected to the electrically
conductive guided medium; each of the plurality of line interface devices comprising a
transmitter for transmitting data using at least one pulse based on a Gaussian wave form
and sending the at least one pulse of the electrically conductive medium, a receiver for
receiving at least one pulse based on a Gaussian waveform, a processor operatively
connected to the receiver and the transmitter for representing data as the at least one pulse
and for recovering data based on the at least one received pulse, and a memory operatively

connected to the processor.
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24.  An apparatus for data communication, comprising: a transmitter operatively
connected to an electrically conductive guided media for transmitting data using at least
one pulse based on a Gaussian wave form and the electrically gnided media and sending
the at least one pulse of the electrically conductive medium; a receiver operatively
connected to the electrically conductive guided media for receiving at least one pulse based
on a Gaussian waveform; a processor operatively connected to the receiver and the
transmitter for representing data as the at least one pulse and for recovering data based on

the at least one received pulse; and a memory operatively connected to the processor.
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