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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 1o, coaxial cable, telephone twisted pair,
) i | . 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, etc., and non-metallic
25.. mediums, such as but not limited to, the human body, efc., non-guided natrow band
© wireless ca.frier signals, or any combinations of the above, inqluding hybrid networks
which use the present invention in conjunction with fiber optic and/or non-guided wireless

" ‘networks.




09/ 10/ 2006 WD 2003/ 094461 PCTI US2003/ 013818 PROBLEMS I N THE ART There are
several trends in society that are creating an unprecedented needyd,010/2006
bandw dt h byocersgesmers and busi nesses. Sonme of these respbhufsgéagmjggs 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 homes. Digitally encoded voice is comonplace technol ogy for cell
phones anHROBREMS ¥ MHIOAR® r el ess tel ephones. Digitally encoded video can
be watched fromDigital Versatile Di sk players (DvD), Direct Broadcast
Satellite (DB i , Y Recorders (Ti Vo di gital
cancorders ) %ﬂﬁgﬁﬁéﬁ@fﬁeﬁlﬁ% @%ﬁé‘l?gl\ﬂé%?% cg%aémgﬁbmrgchﬁn%ﬁ&ﬁqg f, machines Y
usi ng digitall ncoded 10 ta, such_as the Personal Conputer, and gane

stati ons?b%@g’hfy%g’?’ CopsREet UBIEESSE S0 e thagerewldions theadgeniofthsbi qui t ous.

The rise of the Internet and networks has provided ubiquitous connectivity .,
for busi gtk agahd odan digiely eaodedmusio barsbeplgidng MPRhaid GbmpattDisd he | ack

of true broadband availability. In Decenber 1995, there were 16 mllion

| nt er Set (CY)péaictsalesigned fod pbidble e, huldmaibits, ahd RARs. TPRAYMIBEL had grown

to 513 mllion. Al so, the demand for broadband connectiVity continues to

grow. Thigg;deS ]# lenc upber of users accessing renote
sources of i %??Igﬁﬁ %‘r’m‘“’g‘%ﬁ“é‘:ﬁmgﬁif% %ﬁ%ﬁggﬁsgnggﬁ?ﬁﬁ%g%g%%ﬁp%@?'
Initially.. Lnternet. content was |largely text-based _and provided limted
amoun; - of PEIALT Eaeded Bl Sin B Yatced e Digth Y ogriga kLo D et
bandwi dth 20 intensive content filled with pictures, graphics, and video

¢y ps. | WressastSatellite (DRE) Rensivesss Bersaiial Aideo| RebbelsdTil)ddipitalicancerdesl €
t*gher quality Internet content such as full notion video, entertainment ?

qual i ty whdERgh Befeach TdeVisidae AUl a8 titiGN SRadhey a;;iltl% Hggﬁtﬁugr éndblki§cf ently a
s ,

glut of high-speed fiber optic backbone capacity, n overa

gt Il {@at hog, fRhes e I%Péo}ﬂaﬁ%lﬁﬁlté?/ andté%?ne%?a%%ﬁs,s, UG avs\f)khbx,olgla)\f/s@a%oni.?sahdc ommonly

Nintendo 64 are now ubiquitous.

The rfse 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 Infemet conmections 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 result 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




W) 2003/094461 0 9/ 10/ 2 0 0 6 PCT/US2003/013818 referred to as the "l ast
mle", sinply cannot keep pace with the need and desire for higharg/i1speahs
access to I‘é‘;{?‘{’égw"aﬂﬁhnts of digital information. There aPGI/H$2093/4188iBvi dual s
and organi zati ons who view the need to provide broadband connectivity as a
matter of national inportance. The Technol ogy Network 5 (TechNet), an
organi zati gn of CE “{rom the nation's |eading technol ogy conpani es, has
call ed on? ?FéE%ft%ﬂ% 5| logfduids n siEply ¢anneidksen page gothithemeed@od desipetipt lighser second
to 100 mllion homes and small businesses by 2010. TechNet states, "If
post Aner speadscchsido kargen ampertd of tipitelrin®tmativness, whether by wire line,

W reless, satellite or cable, consuners could benefit fromaccess to

mul timedi a, i NTiRke&E dBy HdbianEalCREMiAGons VRS A6 Btk ﬁe%h@&@@%i ng, higher

10 productivity, easier interaction Wth governnent, 1npro ealth care

%ervi ces, = : ntertai nt .. Current t he vast. majority of
so-cal | edﬁ%@f&%ﬁﬁ(ﬁ%%ﬂ%%ﬁg&qu% n’;ﬁ r}a(]};m;e%%{l%e. bﬁ%@ﬁ%ﬂﬁ’%@@}wﬁer ate at

| ess than abytes per second. The Internet currently is built with many
conporent e(é‘ﬁ%@ﬁ%“’@@ﬁ%%@i@%js fiam i nation' Yeadjeg technalegyrpmpaniea e ssi on

rates. However, the major inpedinent to the 15 delivery of high-bandw dth

‘I nternet @ied emthe divirad gowdrmeantiis addpéa Lo 0f bitsmegnbits parsteaidtd 400 niliioh he

maj or Internet pipes to the custoner's home or business, also known as the

"last  miHones ad@SkAMI bushRERs BY 2010 UrechRististatds ST ARSI Soants 86 high spdedst mi | e”
access: fiber, tel ephone twi sted pair, cable, and wreless. To put these

E&%QCM”LE’ et RO o St 8, SrteRe i R o b M G oo

yer 2 technol ogies ,are shown in_italics). 3 09/10/2006 WD 2003/094461
PCTI US20dtmm gepessdo pyulfupgdia, interactive distance learning, increased telecommuting, 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 megabytes per second.
The Internet currently is built with many components capable of providing
bandwidih at very high data transmission rates. However, the major impediment to the_ ‘
15  delivery of high-bandwidth Internet content and services is the transmission consttaiﬁts
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, telei)hone
twisted pair, cable, and wireless. To put these technologies in perspective, the foiloﬁng
20 chart compares the maximum bandwidth available with a number of common Layer 1 and

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




TECHNOLOGY AND MAXI MUM BANDW DTH TECHNOLOGY MAXI MUM BANDW DTH Fi ber Optics
10 G s (and beyond with D WOM Laser 1 (b s E'Itvgernt(at 1 G s ATMSB/%?)/"VZSGOG)
and beyon 2b6 ve 155 Mops Satellite 155 ps (exp s
EJI tra V\%’ldegggd f%gml\/%ps LMDS 100 Mo ps TechNet's Recommﬁgg,p%&%(}% M s

/ Home or Snmall Business 3 VDSL 52 Mo s i Cable codecs 30 Mps ADSL 9 Mo s
HDSL 2 Mops El leased line 2 Mos ISDN PRI 2 Mo s Frane Relay 2 Mo s, 45
Mb s - specs up to 622 Mo s | SDN BRI 128 Kb s Anal og codecs 56 Kb s FIBER

OPTI C BROADBAND SCLUTIONS - In the past few years there have been dramatic

changes i1} ¢Agrgapaci 1y of —these—tast—m ‘.hc" aucicsst £ ]echno!t—grrgm.h?\gn -
' | ' | S v e _greates ong-
f)r{)ci gggrf ﬁﬂﬁgéﬁéﬁ?ﬁé@@mmmﬁm% D_vi Si gn wul t!opl exi ng L
(VDM and. QUOEYN vision Ml tipl e M&XOOVIN/EANBWIBTHNO! 0gi 65 THat
di vi de t heFéhst Opties beam on a singl e fi bgrno Ghik el Befrd wis DWBIGNENT gol ors
(differenty Lw&yel engt hs). Equi pment rra_puT qq}wsers far(:: TTICTEasT Ty warv ength
channel r @R 10 40 GOPS. EactT TImdrvi ljlt%psvvavwcngt R—E-aR—eat+y
ATM ' | 622 Mbps (and beyond)
Microwave ' , 155 Mbps -
Satellite 155 Mbps (experimental 622 Mbps)
Ultra Wideband _ 100 Mbps
LMDS 100 Mbps
TechNet's Recommendation 100 Mbps / Home or Small Business
L) VDSL | 52 Mbps )
Cable codecs 30 Mbps
| ADSL 9 Mbps
1 HDSL 2 Mbps
| E1 leased line 2 Mbps
ISDN PRI ) 2 Mbps
Frame Relay 2 Mbps, 435 Mbps — specs up to 622 Mbps
ISDNBRI 128 Kbps '
Analog codecs 56 Kbps
FIBER OPTIC BROADBAND SOLUTIONS - In the past few years there have
been dramatic changes in the capacity of these “last mile” access technologies. As shown

5 in Chart 1, fiber optic networks have the greatest long-term i)romise to provided substantial

’) ' broadband connectivity. Wave Division_ Multiplexing (WDM) and Dense Wave Division /
* Multiplexing (DWDM) are technologies that divide the optical beam on a single fiber
‘strand into its component colors (different waﬁelengths). Equipment manufacturers are
increasing waveleﬁgth channel rates up to 40 Gbps. Each individual wavelength can carry
10 -asmuch information as previously fassed through the entire fiber strand.
One of the main attractions of WDM and DWDM is they can be iﬁstalled on

'exi'sting fiber without digging it up, which means lower installation costs for additional

capacity. This technology is already having an influence on lowering the cost of long-haul

4




10 as much information as previously passed through the entire fiber
strand. mewazo&sﬂg 4‘rsrﬁi n attractions of WoM and DADM i s they can b®/10/2006
instal led on- “exi &t g fiber without digging it up, whi cPCTES2063/d18818 "
installation costs for additional capacity. This technology is already
havi ng an influence on lowering the cost of |ong-haul 4 WO 2003/ 094461

09/ 10/ 200 / (013818 transport, but has yet to make an inpact in
"last mil g“@%r@fﬁ%%f &mﬁ%‘fra&é?’pa%b lpsh miled conngpitvityokargelsf dueay thechidhi ber t o
the buil di ng. Even_t hough fiber to the building is not a cost-effective
r}ear-ter_n‘f"s,g pTipving, %ﬂG%&hﬂﬂd@gng br oadband connectivity to the business or
gonsuners, ot YE’; "l'ast mle" 5 technologies including wreless, telephone
twi sted pair, Fued thomighébarte teyaliMinds At aToSRs LB O, pyercome this
geed. W rel ess Broadband Sol utions - There a;%@gvenﬂt%ggeyﬂlg?luﬁ%ﬁoﬁol ogi es
‘hat f al |prowidiap brdalBan : nd headi ng. These_ incl ude technol ogi es
such as LMDS (Eocal NUIOtﬁélﬁgﬁlrt\f{O%ﬁlg%fﬂSEﬁqr&ﬂ“@g‘? » OFFT “Ingimslel’ Mul t i - channel
10 point-to-point radio and

i 1 Bt AERRIPke R pPE0CS Eleea it e, andbls e asspigaps.

Mcrowave is a fixed wireless broadband technol ogy. Wth capacity of up to
155 MopdRegsyestooxpgeme thisn®d. ni | es, nicrowave is very effective for -
transm ssion to renote | ocations. Many private conpani es, universities and

al ternate car Wirsless BaosdbateiBditess 1 Thétk GreVRNihet EPﬂgélmofcﬁi %rﬁ}%?r i ces where
or Ut ti

It is not economcally feasible to install fiber 1 SSi on
ser Vi cestherisldss BroARSIRH HR5AY y r ve services face a nunber of
chal | enges. First, m cromveé'ﬁgé%il?%%&elt?ﬁ@o%g‘es§?ﬁ‘rﬁsiﬁ\ﬂ]§§@=ﬁ9ﬁl of

tansmi t : . lver, whi n_means obtaining planning perm ssion
for tr an%dr%ﬁ[utpt% gfrégﬁﬁg%booﬁdﬁewcegm&%ﬁ% Mul@paiatdRisiributieh Saaviognds of 20
freqguenci es |icensed/al]ocated by the government, and acquiring, spectrum

i s exqulﬁ-stp—\pgmt radio and multipoint/multi-hop radio, microwave, laser, and satellite C

systems. ..

Microwave is a fixed wireless broadband technology. With capacity of up to 155

o Mbps and a range of 3-60 miles, microwave is very effective for transmission to remote

locations. Many private companies, universities and alternate carriers have deployed
15 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 cﬁallenges. First, microwave requires line of
sight plécement of transmitter and receiver, which often means obtaining plannjng
| permission for transmitters. Secondly, service ﬁfoviders are restricted to bands of
29 frequencies licensed/allocated by the government, and acquiring spectrum is an expensive -
~ proposition. Finally, weather-related interference, particularly in the form of rain, can
impact service. Error-corrective tech?iques can be used to 'compensate for bad weather, but
this invo;ves increasing power and/or decreasing cell size. Microwave tends to be a |
solution for business, rather than the consumer. |

5




proposition. Finally, weather-related interference, particularly in the
formof rain, can inpact service. Error-corrective techni ques cayhe yusaks
t o conpensawe 2baroskbmsd weat her, but this involves i ncrea?bp,g DVREsRNd/ or
decreasing cell size. Mcrowave tends to be a solution for %u3| ness,
rather than the consuner. 5 09/10/2006 WO 2003/094461 PCTI US2003/013818
Local Multipoint Distribution System (LMDS) is a microwave W reless

t echnol ogy t hdocalMuliipoing Blistutpition Sy6em P 2 REGEHRIRWIsIS teciliSey S @
poi nt-to-nultipoint distribution service, which utilizes mcrowave radio

t echnol ogythitreat Helivbufstiz 1 0 bEY @ﬁstédi%]%& s %g{ﬁgﬁﬁ-ﬂ'—%%ﬁ td{rsérﬂuﬁgg 5

constrained, in that 1t requires line-of-site ween e-cen

LMDS node t he- . : | 1. di 1th.a i qpum di.stance of up to 5

mone. of e psh RO icbu vl Bhmpla 1S QR BrdSEer BemrBrboi cg) | s
its' rapiq d ment _capabilitjes. However, LMDS is a |ine-of-sight ;.
echnol og ,ancgcﬁ °%’§V%ru§éséﬁpﬁtfﬁ“@dt@thﬁilﬁeqm lingyof-siteekegweendhocanyrat labs  of t en

t

have to overconme interference caused by nulti-path signal propagation.

Technof ogy-MP3 meds aiithSgetena’sanilding eitls a maeineine distahse SUMP't6 3kn1A0nalEk t he

mul ti-path-i nt'_erfere_nce_ probl em caused by foliage and increasing the

cal led Veotor Ot o e R P e B PIRIGRRED 227,

cal l ed Vector Othogonal Frequency Division Nncr eases
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either a one- Qr. two-way node. Satellites can be used to deliver digital
servi ces tW’E&@F@%W@W@ﬂ@b@w%m’@wﬁﬁbmfeéeﬂceewetbbhsmﬂhiapathi xed

te lines can't reach. It's ideally suited to difficult terrain, such as }

t he out bagiknal Senpagaties. Teabholdey fromtCipmi Systenismad dthast Bovesyeiyid dvefdming

poi nt-to-point delivery. One of the key issues for satellite transm ssion

i s the propagiipamh-ErkRkacdoblRmatsed! rfaﬁag%ﬂmn%ﬁegsiggt% &yialy seconds

(ms). This delay can cause problens with real-tine ppl'ications, such-

as voi ce. pAReW i ho fhe¥r SHRTEIER. BRROL BRRIRES, ot VeeROhSSA] ©

Frequency Division Multiplexing, only increases overall bandwidth by a mere 20 percent.

1

-

* 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, sudh 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 refransmission.

An emerging wireless technology recently given approval by the FCC is Ulira

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

of energy instead of modulated oscillating waves. UWB has many potential advantages,




spoofing to avoid unnecessary retransm ssion. An energing wreless

t echnol ogy recent | X i ven approval by the FCCis Utra Wdeband ddMB)/2006

This is an W%‘Pé‘@ “gdi 0 system which uses digitally nodeCHUSMOLIBESS of

~energy instead of nodul ated oscillating waves. UWB has many potenti al
advant ages, 6 09/10/2006 WD 2003/094461 PCT/ U82003/013818 i ncl udi ng: | ower

cost, | ow; . tra secure transm ssions,, and brqQadband speeds. :
Hovever, t Geil Eﬁ%lﬁ? cpgtg@pvd:fog@r, Cee E@W%Sl%e%%r?@%%@%y limting
the overall power with which it can operate in air. Two conpani es,

Ai 1 Fi ber &weves Bsdq hasaegaterdiUNR’s effevtiveioppatingramgeiby Lintitngthe pvérah|
f‘;requency range, known as free-space optics, or fiberless optics as a

met hod t opewérweith tvhieh il cas opérededr ajpr obl em They are using | asers designed to
ge efficient and ultra-fast, with speeds as high as 1,000 negabits per
econd. Howev ; &R | bl . L ch qui res
sophi sti cat edegmj tg&glgfﬁﬁé%gat uré?@%ﬂﬁ%ﬁ%éeg@p%%cﬁ%gg@%%g%s in the s
network. AlsQ,.as these systems will fregquent e mounted on tall

bui 10 hgsHRE: S Eiehey e el R blesiace il & lmshestiten icrmeog ok
mechani smto keep the optical |ink operational. These systens are being
linited itheplesiamleproblens Jhaneressing lapers dadgediebe effivientandmitieefast, with cost of
t he network very expensive. Tel ephone Twi sted Pair Broadband Sol utions -
Wt h overspéedd agihidh 2ar1,008Inepabieper besbid. Eowdief, thide Bestdns 1S subbdphiBlitee, copper
I's a ubiquitous asset that represents a 15 nmultibillion-dollar network

i nfrast r ugh WiSich | 4 % : . pevitalize
the coppergl oog g‘?@ﬁ%&%@gﬁ%ﬁﬁ%ﬁe E%lee%\/ﬁ&l?:cg&%e f“}’%"ﬁ@ﬁ%&ﬁ% nth%DN)
B-dital Subsegridber Line (DSL), .lpverse Miltiplexing.over ATM (I MA), and
(Very- hi gl}?k{g%fﬁaﬁﬁ%ﬁ’gs eqsf"%%ﬁlpg @HLE‘E%@B@"WH G%S‘?ﬁé’y}jg‘ilﬁsn%F % attenpts
to harness, copper for hjigh-speed service delivery.

10 this necessitates a sophisticated targeting mechanism to keep tﬁ/e optical link operational.

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 muliibillion-dollar network infrastructuré. Carriers have coﬁsistently 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 (V ery-high-data-rate
Digital Subscriber Line) VDSL as examples Qf attempts to hamess-coyper 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. Throughot the network, adjacent |
copper lines are typicaily bundled into a cable binder in groups of 25 or 50. Multiplé
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).




20 However, cross talk interference is the major problemfor service
providers using telephone twi sted pair for high-speed transm ssi@vi106/2006
Thr oughout Wweeoopéoasdik, adj acent copper lines are typi C?’Iclrﬁls?ddgﬂis%gs into a
cabl e binder in groups.of 25 or 50. Multiple connections that sShare a
common frequency experience a mngling of transm ssion signals, which
distort the output signal. The cross tal k phenonenon causes bit error rates

(BER). 7 OAlsb{teRffthe WRIAOAFS W@é&%&%ﬁﬁﬁ%ﬁ%ﬁ'@gﬁﬁ 'F@znone
i

twi sted pairs have distance constraints relate si gnal

of i ot ect oo on RAThIRREEe Wi ARy B d e bpleolelolPubiedabi T

Digital S riber .Line technology is rapidly evolving to try and overcome ¢
these 5 Ir%iﬁ?fttgro‘iﬁwe%ﬁ#ﬁF*ggﬁﬁ?qu‘;e’a’iifés-corrpany hyi ng to enabl e broadband
with their Go W.de roduct. This is a new generation Integrated Access ’
Devi ce (1AD) t Hgitel Swbsanider ldnetetimolagyditapidiglewdlingto eoamaiverdRBehdst nes t o
create a single circuit with data rates up to 15 Mops D of dedi cated

bandwi 8t h JinMbake sgm&mﬁ@ﬁ@édwﬁmm%%a %ee}b%%m%%b%g&%h%heﬂ%ﬁ‘@deas

G shdsl, with Inverse Miltiplexing over M eliver end-to-end
bandw dt h L2 OBase; T _Et-her.ne /1P port. G shdsl is

t he new ggﬁ%%ug%%ﬁs %fa IY%%%%%%?@V%@W‘?@%%V@M%% Png{xndar ds
body). G shdsl ‘has very | qw ngise characteristics and a very |ow

probabi | i ﬁggg’f“dmﬁ“@:(?‘&’ﬁ’f’ ofi¢ lipesde prepte amale eirpuitwitidjatecrates up o pipMbppai 1 s.
Unli ke proprietary SDSL, G shdsl is already supported by maj or DSLAM
chipset, &hépdinatedrbandiwidtls t GaBlide 22 Wby eompbines syrimngrit DSTOGRAE &hewady i n
pt-ace for ADSL 15 residential services represent a ready-nade j

| nf r ast r uctshs), dish ielse Walliplexits SRAATMAIA) 10AHVAR98-158hY bERidth b S mpl e

| ine card upgrades. Although Symretriconmis Solutions are a quantumleap in

ol D ne R A PR R kel R G Bl e et ion S S s

swi t ched

approved by the ITU (an international standards body). G.shdsl has verf low noise
characteristics and a very low probabiﬁty of interfering with other services in adjacent
copper pairs. Unlike proprietary SDSL, G.shdsl is already supported bjr major DSLAM,

chipset, and other infrastructure vendors, meaning the DSLAMs 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 Jeap 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, DSL technology must take into account spectrum management

techniques to stay within prescribed levels of Power Spectral 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. ANS! standard T1.417 entitled

“Spectrum Management For Loop Transmission Systems” provides spectrum management
% _




t el ephone network (PSTN). 20 In addition, DSL technol ogy nust take into
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10
; )} Spectral management, particularly Dynamic Spectral Management (DSMD, adds
" another layer of complexity 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 Vstandards 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 ncfworks. )
One such company, Chinook Communication, provides a technology that takes
20 advantage of the inefficient nature of a video signal,. and mikes vidéo, data, and voice
| signals 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
' comp;e_ssion methods to funnel data alongside the video stréam in the last mile, However,
- tile 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.
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PCT/ US2003/ 013818 Narad Networks al so provi des a broadband solution for 5.
exi sting HYPSFAter tpgdace soras or slbofitbeik existisp@pbloyetwonk hardwhievgttaNsil t ched

Et hernet technology to deliver various voice, data, and nedia services

over | At erNawoRk’ oOptial NetvRyrk DTdmii&;@ﬁ'S*ﬁ{c%métﬁﬁﬂﬂ mﬁnﬁﬁ&ﬁﬂéﬁc&%%ﬁ& br O
repl ace sonme or all of .their existing cable network hardware wt rad 5
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.Subscri ber Access Sw tch, and Broadband this

network h e rad . is. abl expl it _spectrumin the 860M4z to 2.5
GHz r ange% %ﬁ%‘\ﬁéﬁp,ﬁlﬁtsﬁg"tﬂﬁ? ‘éﬁgg gﬂh‘&ﬁ% A0 Z.Sé%pgey Hosexgrs the Naradesplutioss a

| arge capital investment and only provides 1 Gops of additional shared '
ﬁg} wor k b eARIN becausegt ravinsedarze Tapiteh bivosfinest ant volygrovidadsGbpsufoadband
solution for existing CATV networks using their patented Wavel et '

t echnol ogyddifitia shargbnedhoikeahdwiddgy i s disclosed in U S Patent Nunber
6, 532, 256 entitled METHOD AND APPARATUS FOR SI GNAL TRANSM SSI ON AND

B RS L T T  ER
time networks using their patented Wavelet technology. This type of technology is disclosed in
U.S. Patent Number 6,532,256 entifled METHOD AND APPARATUS FOR SIGNAL
TRANSMISSION AND RECEPTION. Rainmaker’s technology uses “wavelets” which
are orthogonal ﬁ'ansfonns that allow for the precise control of both the frequency and time
15 ofthe modulation and modulation symbolé. 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 Ling 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 Utilities, is capable of transmitting data at a

-~ ate 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
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signal. The | ower frequency signals carry power, while the

frequency tsitgoRips tCRihshiiERE Hnli Lot @l ine_use i.gh
Frequency condi tgi?oned Sp(l)vver Nete\xﬁgﬁr%ﬂ(%hﬁ}%?\%k85?1?8%@Bﬁgmgdata

and el gct nipgal o i N use series of Conditioning 5 Units (QU)
to fil tg er Itm%%s(gﬂggﬂgirt%tt%ég F%’%t%s.lg%isea@ﬁ é‘éﬁ"(ﬂ@s elegtueity foithgoutltyingheout | et s

in the ho anddﬂ%ﬁtaa. signals to a communi cati on nodul e or "service unit",
whi ch proviPg&e FigBple Q- peampmRcation rapgule oresirdies wEt’c whishpeoddeat i on
servers at l|local_ electricity substations connect to the Internet via fiber
or br oadb&HHtiple ghanpels fer. datheoios etwo Bast sypiinaevesfat RoklFRRM GBSk ABLVOr K | S
simlar to that found in a traditional Local Area Network (LAN). 10 Wile

t hi s. denoneest 1@ ShenfPve viadiRr & br8AdEA] { ' ' transport,
thsl?gs technology in its current state igﬁﬁg‘;@?‘ﬁégﬁfg@?‘ﬁ%@gﬂﬁ exi sting

servi PRGSSES | el agai far hel qw TechNet! s
recorrrrendg?i@on t 09(2 %@8@#@?’%% qlgt:}g&%%n!@gﬁg‘m%ﬁ‘ﬁégﬂIWf@W%kWhom, or
snal Ild)usi nesswfbgg 't.hﬁ\%ear 2010. Media Fusjion, LLC is al so using power
| i nes*'as neans i pRpirgies e Bove ysenf eleghiigal-powp linesifordata uaspogdhisn. Thi s,

conpany' s patent pending technol ogy, Advanced Sub-Carri er

?echnology in its current state is barely competitive with existing DSL services operating at
IMbps, and again, far below TechNet’s recommendation to the government for 100 Mbps
qbnncctivity to the home, or small business, by the year 2010.
Media Fusion, LLC is also using power lines as means to delivery video, date},‘j 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 technology are
unproven in the field. |
Data Bus - In addition to global telecommunicaﬁon 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 .
on |
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dwar e iftex an r nming interfaces for applicat B ,
2?11; \iAﬁt el 11t a“’{;ea%liarl?gﬁgf’ﬁ &&% e helematios Supplierg CHBOBjumis dresititlg altsétiy ]
provi de a yni versal. 10 backpl ane for swappi ng glectronlcs equi pnen n o
néw gener #0871~ iandard hrwdavarsyisterizees andbtogemghing iiter fGRE By AFHILAE6S scﬁ’fr\]ﬁgé! > n’gé .
el pl ex buses to interconnect sensors and devices, there renai

. . . . ' sitated to
of probl erfihe iFelligentt@nipettiticH sysAE Ok b&ﬁ%@ﬁ?@@@@ﬁ@ PERudsned

' ' ‘ : oni c-
adopt a single multiplex bus standard. A . . t
: 7 . | e versi.ons of their products to.
manuf 40t UbaEkplRY fr HABHIAR R dflioint ol ML SHONS !
attacﬁ to these 18 vgéllggﬁsl use;s%q \tﬂﬁlfjgﬁnﬁnﬁgr@gg@ PRANABALYCTEERSNg cost s
that are typl Cﬁhthguéﬂ%%%oegm?ufgcrt]l%ers%re using multiplex buses to interconnect sensors and

devices, there remain a nmnber of problems. For a variety of reasons, auto companies have
hesitated to adopt a single multiplex bus standard. Asa result, electronic-device
manufacturers must design and build multiple versions of their products to attach to these
15 Variops buses, which increase the manutacturing 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 desi gn process. This constraint does not allow
 for future -“unplanned” 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 electromic-
: device manufacmrérs to build a single, automotive version of their product ﬁat plugs into
‘any auto that employs dual bus architecture. The gateway, under the control of the aufo

- company, would act as a firewall, allowing only authorized message traffic to pass between
| | 12 |




consuner. Furthernore, devices connected to the auto's multiplex bus are
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Vehicle s n addition, to tradjtional data bus uses on an auto, by
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can beéten?g{ ed such as: wireless 5 Internet access, renote vehicle

di agnost i cSCTRERLRES; frmaieivohicle diegnastivs, seoulity/ duthentietionBi@Tor QEorhAade

~di agnostic information fromvehicle conputers, sensors or air bags. A
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vehicle, tentatively called IDB-Miltinmedia (1'DBM us will transport

digitalized audiigeingps - P |§m far quaranteed nessage

?ﬁl i ver]%/'v\,hegl rquﬁg'r e]tc'zlpél:(;:)k{1 t leSb t m&%ﬁ@@%ﬁf‘% ebmbﬁg}?ﬂ@‘a@@ﬁc{t\ﬂf% p?i ris
e prefe J or, notj ve data bus because of its cost
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_(‘yh“’él | engi n .wﬁi_ an environnent that generates |arge anounts of signal

noi se, EMEXIQ HBF%MIMWhémsmif@tglmwwbd neisagd duliwagevhehTeduitbi $9khe used

data bus is ML-STD 1553, which is the United States mlitary '
' 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
cha_llenging'\xzithin 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 fhe electrical, mechanical and timing specifications for a dual-
redundant communication 1 Mbps data bus network that interoonneéts 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 raté (one word fault per 10 million
SO words}), and because of its dual-redundant architecture. _
| Militaf-y aircraft, such as the F-16 Fighting Falcon, C-130 Hercules Transport, B-1
Bomber, and the AH-64 Apache af;ack helicopter, utilize products built to the MIL-STD-

+ 1553 standard. A MIL-STD-1553 data bus allows complex electronic subsystems to
BRER | |

i




standard that defines the electrical, nmechanical and timng specifications
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conputer. This data bus is the life line of the aircraft. Mssiles and #
Snart Bonmb¥issilgh Ik 93 smd ANCMI (WingdeCorSietsd Mumatiays Dispensa), Anve bdcosie nejre |
Al M 9X, and WCMD (W nd Corrected Miunitions D spenser), have becone nore 5

sophi st§ casoptiistivated arltdulianbily mor Redicamt 3@hARGH RS ABlnMinidat bhe advancement
of mcroelectronics. These weapon systens al so benefit fromthe use of the
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the interaction between i1ts systens, m ssi | so use
the M L-STD. 1553 data, bus to downl oa i nf or ion fromthe airc¢raft just

prior to Ic%ﬁ@ﬁs ﬁﬁmt@s‘éﬁﬁfrﬁ SEﬂ?erngﬁlﬂ‘ﬁtt‘? @%%htg%mmﬁbewe{lﬁés‘m'i ght of
t he weapon. Ground vehicles such as the MLA2 Tank, Bradley troop transport,
agjj t he CriyfSigmermisgiles prgsmogre bombs slsnise ke MHaBEDal 8 detadivs éaldowmloachi ghly . |

t-echni cal , highly sophisticated nechanisns and use M L-STD- 1553 data buses! |
for data linfokaatiefeee thddiidtt jabtgmiof toclatnch et &/ dofdBate information flow during P

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 been 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 tﬁe MIL-STD-1533 standard, these additional mi_litaﬁr standardé do
" not provide high-speed data transport rates,
| . Another series of buses have been dew;loped for Supervisory Control and Data

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




CAN bus is

15 The M L-STD 1553 data bus is used in satellites, space shuttle payl oads,
and on the rnational Space Station. Manufacturers have appl i tdeo06
st andar d towhgh@fﬂg%tﬁhri ng production lines and comTerciPQT“W&’?@hﬁls'

i ncl udi ng subways, such as the Bay Area Rapid_ Transit (BART).

M L- STD- 1553B has al so been accepted and i npl enented by NATO and nany
foreign goyern ts, .The UK haI% i ssued Def, Stan 00-18 (Part 2) and NATO has
20 publ i shald® BHRRES. 3B eperlan HamRmppblyfpgis Canteollpss @LEKS obpthmL L - STD. 15538,
However, simlar l-ﬁ to the ML-STD 1533 standard, these additional mlitary
st andar ds &emgesial bargwarteampdides-te patbet redd timetinfamsation forrpadess conol dfer  seri es
of buses have been devel oped for Supervisory Control and Data = Acquisition

('SCADA) . deitﬁpﬂlmtaS@A)DIAV@ElQmﬁ@%@Qﬁnﬁﬁﬁkﬁiﬁ@?@&sé&@sﬁdﬂ%%&em%@ﬁwﬁz whi ch
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har dwar e n%%rﬁfaggﬁt 0 gatﬁgﬁ&?gaﬁﬁgﬁh‘é&i t‘%&?@fﬁ“ﬁafr“&%%@g@ gﬁ?f%ol of
equi pr’rt—g*lt. SCA stens are us&'ld in industrial processes such as steel

maki ng,” po mlg'ﬂf‘?éﬁ[‘%tfqnoqyeéﬁ@”ﬂ Svsand tertensof thopsamils laput/autput (FRkchssnader s used
in a SCADA bus generally 5 transmt information over a few thousand to tens
of thousands i $ gon povide B@etliddonditsserveButs esmmhsicatpwith gecess et hod f or
data servers. to conmuni cate with process controllers in the field. The

Cont r ol | ercoffrelieriNat the fikld( CABCoRfITRe Ak NS PORH) Qeén&eg 9?‘?5‘@’%@ R%g%?éh in

1990 is a bus standard that provides for the network o

troll ' . t 0.1 . The nost
C)zm) on baca e 1950 S 5Eni bisPl Gy 80HE: B RSNl Raen BB contilitFoat i on
erfabl es bus Io%lc}é\r[I f up to 100% (dgta being transmtted all the time and
all nodes can ft BFﬁ‘f ,“S%PI“&H{%“?W‘FS upde d Mups. Theanpd epmmionbead ratgse.  CAN

bus is_also a _synchronous network, where all receiving nodul es synchronize
to t hd0daf kdrkbagand 51 kbps.(HeSHAN binmmmidation ables bug ledssfaiplten60%i t h t he

(data being transmitted all the time and all nodes can transmit), allowing full usage of the
nominal bit rate,
| CAN bus is also a synchronous network, Whére 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 shorfest with 1 Mbps is 40 Iﬁeters. In standard industrial
_ehvironments, 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 hlgh costs,
 aswith bringing fiber to the building, or co-habitation issues associated with DSL and
other loop technologies, and the physical lﬁnitations of sine oriented technologies to

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

15
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solution that provides very high bandw dth for buses, LANs, and "I ast r
mle" access networks, which overcones these problens, and other '
limtations of current technology. 5 FEATURES OF THE I'NVENTI ON A gener al

feat ur ¢ OfFEAWIIESEF HE DNORN is the provision of a system nethod and
apparatus for increasing the bandw dth of guided Iine nediunms, which

overcones the |, +3 obl e found in the.prior art. further featuyre of
the present i n{eH F%EFGFL ?ﬁﬁmﬁgﬁeﬁmﬁﬁ‘r@éé&wl?&‘ﬂm% 5Py Dethod 28 pej ng
used for the trapsm ssion of data at_a_ high rate over high attenuation and -
capaci t an@ePargiatyion fagreaaing dhe hradwidtnef guided fine mediwmss whichionetepineshe i s t he
nodul ation of pulses by polarity. A further feature of the present

inyent i onpioblanscfonmtinthd pdor aoff pul ses by position in tine. 1 'f 15 A o
further feature of the present invention is the nodul ation of pulses by | }

anpl i t ude. A further feature of the present invention is the use of pulses, which are capable of

10 being used for the transmission of data ata high rate over high attenuation and capacitance
medinms.
| A further feature of the present invention is the modulation of pulses by polarity.
A further feature of the present invention is the-modulation of pulses by position in
time. |
15 A further 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 multiple 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.
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A further feature of the present inv ion is the nodul ati on of pul ses by
frequency. A further feature of the:present invention is the nodw/atg/omoef
pul ses by pWRLAI/RM6Lr t her feature of.'the present invent iREA/US2006/0E3818

nmodul ati on of pul ses by VP Encoding:#20 A further feature of the present
invention is the nodul ation of multi pul ses with or wthout pulse
conpression nethods. A further featuie of the present invention is the
modul ati on of péifekerdcaturn pf the prasentdnientiofis frelencdding oftdatmor spnipls in Biese
frequency, and phase. 16 WO 2003/094461 09/ 10/ 2006 PCTI US2003/013818 A
further fednumbeshfplieespresent invention is the encoding of data or synbols
in Base 2 nunbers of pulses. A further feature of the present invention is

e encoding_ of gk Sy ARk ek s GNEH it IO EAG o HTRELR 1P 5. ©

"'PA further featur e preseht 1 nvention’is sinp st gna R further
eature of..the present invention is half-duplex signaling. A further
feature ofhlé'ﬁ%”%’@aéﬁénf’ﬁégﬁpkﬁﬂsqss full -dupl ex signaling. A frther
feature of the present. invention is synchronous signaling. A further

feature of the piathsnfeaturs/efithe pmsant inesptioh iosimplex siggalirgi ng. 10 A furt her
feature of the present invention is an enhanced broadband transm ssion

systemw th a pfoﬁn'theffeamdﬂm%[fjt@s&lﬂﬂiﬁenﬁoﬁﬁbrﬁalﬁiupfeﬁ%lgﬁﬁﬁné?f the present
invention is an enhanced broadband transm ssion System using a | oop

t opol ogy. A'fu%m-‘*‘fﬁ%lﬁ%&ﬂg&%%ﬁ%ﬁ%?ﬁ.ﬁgﬁéﬂjfﬂﬂ%ﬁéfa’?%’iﬁfﬁiﬁn enhanced

br oadband transm ssi on S esi g 5i ngl e user,

access. A furthe e re af, the esent, i pvention is an enhanced broadband
t.Fansmi ssi on t}x1":urt]i1eraftealtlcurc: o?the prgseg{lnvenﬁon 1§ synchronous signaling.

- A further feature ofthe present invention is asyhchronous 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 prescnt'inj(ention 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 featyre of the present invention is an enhanced broadband transmission

systein 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 turther feature of the present iﬁ&ention 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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systemthat is designed for nmultiple user access. A further feature of the
present invention is its deploynent over "last mle" access netvw}(m/zoos

t opol ogi es. wfrods/doddgiher feature of the present inventi 0?(:‘1*/% t, % mile"
access network configured as a tel ephone |oop plant. urt er teature of

the present invention is a tel ephone |oop configured to use one wre of a
t el ephone twi sted pair for forward and the other for reverse. 17 ;3

09/ 10/ 2006 VO 40RFGYARL FRHSRATH AP AClHEbRE EREHER s

present inventionis a't oop conflgure
t el ephone tw st r for | tiplex rd and reverse transm ssi ons. A
further fedfi§¥ Bf%feﬁ)‘htﬁtfgneptr’”&% iﬁ %‘Hftfptﬁ’fe‘i )g%arﬁrardraa FOVRFSE SrenspRisHiens. net wor k .
configured as a Cable TV network. 5 A further feature of the present |
invention is a Affa@fherrﬁatle‘e ofthepsesentdnweotion isarifastmiltiacoas natwpmiveontfigured

di stribution network. A further feature of the present invention is its *, r

depl oynent a@a/eabléthet@@ﬁa network (LANs) topologies. } A further feature |
of the present invention is |ts depl oynent over data bus 10 topol ogies. A

furtherg feature ‘}{n_-tl‘i Ie¢ !

conbi natr on A S‘{}?%B{rgﬁ ieegééﬁ;rue‘)te%ilga kﬁfﬂﬁ@ ?{f’%}%%gr es.
further feature of,, tF present i nvention is connection to a "last mle"
access net WorROves isfrtitiop petgarks hus using a singl e transni ssion nedium 1
. 15 A further feature of the present invention is connection to a "last
mle" access 3 Adurther keatupg of th\presant dwbﬂ:tdnumtsrdepigrmnpbmrarbaai gremhetwork
transm ssion nedi uns of a single type.

: J . (LANG5) 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 “Jast 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
. ) | uetwork, 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

fransmission mediam,
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A further feature of the present invention is connection to a "last mle"
access network, or LAN, or data bus using a plurality of transm@EsiiQy2006.
medi uns of HORVUHOR4FLy of . types. 20 A further feature FCHUSZ0(SIQ3SIn
invention is the use of tel ephone twisted pair as a transm ssion nmedium A
further feature of the present invention is the use of coaxial cable as a
transm ssi on nedi u 18 WD 2003/ 094461 09/10/ 2006 PCT/ US2003/013818 A
further featurét hieatyreafdhr presentinvensioniisthe pee ofpovist | s we p tahsmaissions a
transm ssion medium A further feature of the present invention is the use
of shiel dedediainr wire as a transnission medium 5 A further feature of the
present invention is the use of netallic vehicle bodies and franes as a

transm ssi on nedfibr PatbeddeRIp rés%ame&ﬂahégdﬂ@u&r %apaﬁg%fe%'a' s the use

of structural steel as a transm ssion med um A urt eature of the
Present i@%ﬁﬁéb@fsﬁ&p "e use of railroad rail as a transm ssion 10 nedium
A further Teature o e present invention is the use of reinforcing bar as
a trapsm ssion |um A further feature of the present invention is the

use of 2metal | i & Htherdeatimgof e posprtrinvangpnis the useed atotaldc yibiné bodicstandnspor t
as a transm ssion nedium 15 A further feature of the present invention is
t he use oframes ad a tleskdssam nediunansni ssion nmedium A further feature of the
present invention is the use of conputer backplanes as a
A further feature of the present invention is the use of structural steel as a
transmission medium.
) oy
A further feature of the present mnvention 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
medium,
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 medlum
19




transm ssion nmedium A further feature of the present invention is the use
of drill stemas a transmssion 20 nmedium A further feature of dgdero/2006
present i nweotbmois1t he use of other conductive medi umg@srugobdiABsg Ssion
medium A further feature of the present invention is the use 011

conbi nati ons of above as a transm ssion nedium 19 09/10/2006 WO

- 2003/ 094461 PCTI US2003/013818 A further feature of the present invention is

the use of the Afurtirfimtye oftheprebsr® admih ifl leaisdoihé haMab&HiR Medi um A
further feature of the present invention is the use of a single frequency

channel t%roédbﬁﬁ\?&é:t&b?&#&“s‘ﬁjss%nﬁlé' her feature of the present invention

Is the use of multipl requency channels to transmt pulses. A further :
feature of theﬁﬁgﬁﬁéﬁe% | nv ion is, the use of tipme division multiplexing '
for nultiple c eE Leawry of;the pregpud inyenfion i the w5y efaingleifigquencehenrd tover a
single frequency channel on individual or nultiple transm ssion medi uns. £,

10 A furt Remspézulsee of the present invention is the use of code division
multiplexing for rmultiple channels, multiple users and/or nultiple device

access5over a smgmerfeamﬁmrsmﬂmeénm%mémf%mﬁgé@éqﬂéﬂ@&cwmeﬂd'ti ple
transm ssion nmediuns. A further feature of the present invention is the use

of tine ditd’ﬁéﬂsﬁﬁtaﬂﬂ-ﬁési plexing for multiple channels, nultiple users and/or
mul ti pl e device access over nultiple frequency 15 channels operating on

i ndi vi dual or tiple trangm ssion nmedi ups, A further feature of the
present invent 1‘% tg?“érel? éled’FeSE’étdBV‘E‘PW 1 thg use o tims divising multiplexing t i pl e
channels, multiple users and/or nultiple device access over nultiple

fT Fq uencyfor multiple channels, multiple users and/or multiple device access over a single frequency

channel on individual or multiple transmission mediums.
10 | A further feature of the present invention is the use of code division multiplexing
- for multiple channels, multiplé users and/or multiple device accéss 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:mulﬁplexing
for multiple channels, multiple users and/or multiple device access over multiple frequency
15  channels operating on individual or multiple transmission mediums.
) A further feature of the ﬁresent 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 featpre of the present invention is the use of an individual or plurality of
| 20 sub-carriers. |
A ﬁ:_rther 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 secm:ity through

 the low probability of intercept and detection characteristics of transmissions.
20 |




channel s operating on individual or nultiple transm ssion nediuns. A
further feature of the present invention is the use of an indivi dwlli®f2006
plurality oYO2¥B/084pLl carriers. A further feature of the PETASHPB/0138ent i on
is the use of public and private access codes. A further feature of the
present invention is the provision of high security through the |ow
probability of intercept and detection characteristics of transm ssions. 20
09/ 10/ 2006 WO A diertheo faines of il prossnd IBpGBas e provisioefianfelicient dataf  t he
present invention is the provision of an efficient data encapsulation

prot ocol . ehchpsnlatien pfoemblir e of the present invention is the provision of a
hul tiplexer. A further feature of the present invention is the provision of

a transcei ver/ o GRS Rk F i bidhiRledkBRIUNE RV GRS AERERL: VNt T on | S

,tphe provi sion of Internediate TiI repeat er urther teature of the
resent inventi LS khe provision of nultiplexers, switches, jinternmediate
field repeater é‘e %%&Qf‘e O(ﬁ%?eelﬁ?se??l&ﬁeé’é‘@ﬁﬁetg? WWMFWB’G{{W%?SSQ%W ces
that switch data as pulses. 10 A further feature of the present invention

i s thedprovisi dnfurier fgatate; o the nresgnicavangon isghe prowisioy of imessrediarenieid | ocal
director. A further feature of the present invention is the provision for a
mul tipl exeepebeet is configured operates as a "Hone/ PNA" renote director. A
further feature of the present invention is an enhanced broadband delivery
system 15 thay fish&aeidaee iePrQBiiflchtifPisdhd Holis oFRRRaL A
further feature of the pr esen?)r%gventelﬁon 1|Ss éjaﬂjoenﬁgﬁggd ?égg bﬁ%ﬁhggér}l very
mgjtg" o e B B TS B S oct RS2, Sl R Wil it U7 1
- 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 thg provision for a multiplexer that is
configured operates as a “Home/PNA” remote director.
| A further feéture of the present invention is an enhanced broadband delivery system
15 . thatis designed to operate as a unified messaging system.
A ﬁﬂher feature of the i)resent 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-posiﬁon as arouting
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 further feature of the present invention is the inclusion of data and symbol

compression methods and systems within the transport,
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A further feature of the present invention is the use of geo-position as a
routing nechanism 20 A further feature of the present inventiondsSdfos
use of priwedomndigi deo bar codes as a pul sed tel ecomppy cahiRfsdlgt @
source. A further feature of the present invention is the inclusion of data
and synbol conpression nethods and systens within the transport. 21

09/ 10/ 2006 WD 2003/094461 PCT/ US2003/013818 A further feature of the

present invent | Sutifer ffind Bt fteiht fvefitedls M REIRDLE daBN PG and ot her

security methods and systens Wt the transport. A further“feature of the

Cuni no. andeBRiot Py Seg R e e T aHe w B HhRo f cat r e of the -

present invention is the use of priority, service type, stream

i dentificati on,Ag‘g@ﬂ Yeaiurent theferesest inveafioaintainplusiondefireanyal asdiagtonsatedon
address, protocol type, network conditions (blockage, availability, route =,
costs, quédtansmissibn Sming ad corditioning Syeanisisny nfetHods. and ot her standard network
routing and switching netrics to route and switch data. ) One or nore of

these gnd/or otAgithebfeRblcor tﬁﬁﬁ%&éﬁ?ﬁv?{ﬁfon%dﬂﬂép%egtgﬁigﬁbé%%@%Pg&%gﬁ{eﬁé? 10

I nvention wll beconme apparent” fromthe speci

foll ow. S\ ; HE LNVENTI ON The present invention js a system nmnethod
and appar g@%@ﬁ? %ugﬁi %“’é&‘é%‘@flﬁ%ﬁem eﬁﬁlﬁg\ﬂe&ﬁﬁjfeﬁﬁ’ orgintion 3ddrrss, tﬂiﬁﬁ@f’usi ng
pul se transm ssions, The pul ses of the present 15 invention are short, |ow
duty cycl &cisiork eandifiona blegkage, exailabilin route edsts; qualitiof sesvicaeicdusecuidtyi vat i ves,
or conbinations of nore than one of such pul ses. These pul ses enable a high
dat a r at erulesandiativr stzadd détsbrnoatingmdwtighing medicsad hate aldsiitchGatal Y
cenductive medi uns, including, but not [imted to fast rise tine,

ultra-w de fregresrhoRRITeRee attiMritfer bbj¥ts, features, or advantages of the present

10 invention will become apparent from the specification and claims that follow.

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 varions

) - derivatives, or combinations of more than one of such pulses. These pulses enable a high

p—

data rate over increased distances on metallic or other electrically conductive mediums,

including, but not limited to fast rise time, ultra-wide ﬁ'equéncy spread, unique time
domain and frequency domain signatures, etc. The pulses of the present invention exhibit a

| 20  unique time domain signature and widébemd frequency domain signature.

The present invention includes the use of pulses to transmit data over elecirically A

conductive guided lines, 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 submatine hulls, decks and bulkheads, aircraft
| 22




domai n and frequency domain signatures, etc. The pul ses of the present
invention exhibit a 20 unique tine domain signature and w debandyd f egUeiEy
domai n si gr¥P3PB/948pk present invention includes the usePCFU§ANIIEIBISO
transmt data over electrically conductive guided |lines, such as, but not
limted to, coaxial cable, telephone twisted pair, Category 5 cable, power
| i nes, other conductive nediuns, such as but not limted to, netallic car
‘and truck Bweleges, staibfupal ateel, susitabodies, tauk bedies] eckes pipes, dic)) dd @@ setadlic craft t
22 09/ 10/ 2006 WD 2003/094461 PCTI US2003/ 013818 fusel ages, structural

steel, N Sgiedi@mpQRtiess bt abIiRRASH 8 Sthe WA bRiyPEE., oy conRtiBRbriRs al | i ¢

medi uns, such as but not limted to, the human body, etc., or any

conbi nati o - f the above. According to one aspect of the invention, a

met hod is provided for operating in a 5 public sw tched tel ephone network
_PPSTN). Pulses are jransmtted and received near, or in the noise range of
the PSTN net wordCcotinecia ona psnsrlss thrsnpansion.gt methed Harrowided foe eperafingin as

voi ce, video, and data, by means other than the pul ses of the present

i nvent iSon. pubkic swiitiéhed tabgphone pitendd (PEYNDf P sl arectzdrisoisedaind reeived RER) & iR €
provi ded that are used for the support, operation, managenent and delivery

f i . '
of ser Vi cafie Aslshk RARUFHRSPSTI néGRPL, WG they ﬁ%é‘ﬁﬁv@ﬁ%ﬁ@fxe&@%{cgﬁu@ﬁ gsent

invention, a method is provided for operatingin evi sion (CATV)

net wor k. ).t hi hi.s, enbedi nen ul ses_ar transmtted and recejved near,
or int he\%%(%a*s@d%oa%%de" 5”%9 ﬁ%%%ﬂ\%? R}'E%ﬁtréﬁe PFSV"&W 8&1?@' Eﬂﬁfﬁ‘téﬂnng

ot her servi (ies_su?h S yoice, video, and data by neans other than the
_p'_'u)ses of &P B %@ﬁﬁ%thnﬁ\?%anentiareA@@ﬁd@dﬁhgt arpugpdderide supppdct of the
"p{ésent invention, a nmethod is provided for operating with a LAN, which

t ransmi t s operations oBiagesieptdmsiatslioge ofisdarvigesrmmdprodaetsi n t he noi se range of the
LAN networ k, which may be running voi ce, video, and data traffic by neans

other 10han t he Apedr8ias toAnoikt? affe8EsTihe frBdRNnkEfion, a method is provided for

operating in a Cable Television (CATV) netwdrk. Within this embodiment, pulses are
 transmitted and received near, or in the noise range of the CATV net\;ork, which may also
be providing other services such as voice, video, and data by means other than the pulses of
the present invention. |
15 Acéording to another aspect of the present invention, a method is providet;l for
y ) | 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 meﬂlod is provided for use
20 .Vwith a data bus, which transmits and receives pulses operaﬁng neat, or in the noise range of
the data bus, which may be running voice; video, and data tréﬂic 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.
‘ 23




Accordi ng to anot her aspect of the present invention, a nethod is provided
for use 20 with a data bus, which transmts and receives pul ses @paretiold
near, or inwDlreo¥9sswe range of the data bus, which may perAEfns 38160 Ce,
vi deo, and data traffic by means other than the pulses of the present
‘invention. In addition, various enhancenents to each aspect of the

i nvention are described, including, but not limted to unified nessaging,

geo- based rout i Ao, pabresal Iedckiphbi 6 detblopmerd %oﬂ@?érﬁ!ﬁﬁ@ By tﬁé%?éﬁ@&f(%f“ﬂ? 1
PCT/ US2003/ 013818 Al so, a general description of devel opnent work pertornmed

by the invegaiAps W || be described. Reference to the renaining portions of
the specification, including the drawings and clains, will realize other
features and adgr tag%esﬁgf t he .present invention. Further features r _5 and
advant ages of thE5PESEThe romaling Bertionsoffig specification, ineluding dherdrawimgs ped at i on
of various. enbodi nents of the present invention, are described in detail
bel ow wi t helpisaspwill reabizet dtker featmesmuathgdvaniagts afith gsesentrintendonlr Boviteg featurésk €
ref erence nunbers indicate identical or functionally simlar elenments. 10

- BRI EF BESGRdRBY4hdek offite pﬂ?@%’iﬁf@%ﬁﬁﬁ,@s welhak &e%tr%t@ﬁ@n@fopgramaﬁ no

pulse in the time domain. FIG IBis a graph of a Gaussfian nono pulse in

the freque ' raph. of a. sstan pulse in.the tine
domai n. FI_%WOIdﬂ%g@l’sgfathcgE Jg%]nt 3%?"%%&‘&?3%? s@%ﬁgﬁgﬁ%ﬁﬁbﬁ%‘@%ﬁéﬁﬁgﬁﬁgﬁo mai n.

15 FIG 1 E a graph of a Gausgsi an doublet pulse in the tinme domain. FIG
1Fis a graﬁﬁ?{ﬂ%ﬂyﬁg&%}@gﬁn ﬁ?@@ﬁﬂ‘@ﬂgﬁshk%@fqrww pambers dudients/idantical ot FI G 2A
is a block diagramof a test environnent configured with tel ephone tw sted

pajr. Fl dungigniily smBhioglémetitagr am of a test environment configured with
coaxi al qable.
.10 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. IA 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 VFIG. 1E a graph of a Gaussi;m doublet pulse in the time domain.
) FIG. IF is a graph of a Gaussian do_ublet pulse in the ﬁequency domain,
R FIG. 2A is a block diagram of a test environment configured with felephone twisted
pair. | |
FIG. 2B is a block diagi:am 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 is an illustration of a PSTN network topology with intermediate field

electronics configured in accordance with an alternate embodiment of the present

invention.
24 -
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20 FIG 3 is a block diagramof a PSTN network topol ogy configured in

accordance i he preferred enbodi ment of the present inventiau/ifl/Godk
isanill us‘fvyazwkéort?“g? a PSTN network topol ogy with interffedigfEisds d

el ectronics configured in accordance with an alternate enbodi ment of the
present invention. 24 V\D 2003/ 094461 09/ 10/ 2006 PCT/US2003/013818 FIG 5

is an iIIustrat' TVn 0 confi red in accordance with
an alternate e 0%%‘% PQ;PSY d insacgorgnge Vit agr am

of a data bus netvvork topol ogy conf.igur ed in accordance wth an alternate
enbodi nment 2@flierpate Wb@@m@nhqucwmﬁenﬁom\ 7 is a flow chart that
il lustrates the LDL protocol's hunt and synchronization nethod. FIG 8 is

an illustrati onFI%. 6d8 aBldtkIditaniNet 2@tk bRMROGABHIb B! RAfiEHre@ th ddebrdamtacket

IG 9 is an iIIustrati on of LDL packets being transported over a network
ccordi Ng wif ah QMGRGe ﬂlﬂgﬁg}f f invention. FIG 10 is a flow
chart illustrating Et her ne ﬂ%rjﬁé%%dg&@%{éew ce swtching according to
one e dlrrent ntion. [ nlllustratlon of a
MPEG- 2 S PDU eﬁ?aégaﬁ WH&M& Pmteffo ufl*sﬂﬂél RGP Fation

illustrating of a system confl gur ed to deliver video feeds via 15 streans
to an end Weked.accor di ng to one enbodi nent of the present invention. FIG
13 is an illustration of a Central Ofice including high-level system

requirements. MHIG 8 isan iHustatibd bUSIFRirh@ Netwot FDR bhcafs¥asd 248 [pgnponent s

~that may be configured in an LDL Managenent System

packet,
)}} FIG. 9 is an illustration of LDL packets being transported over a network according
1-0 to one embodiment of the present invention.
| FIG. 10 is a flow chart illustrating Ethernet Netw_ork PDUs to device switching
according to one embodiment of the present invention.
FIG. 11 is an illustration of a MPEG-2 TS PDaU 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
reqtﬂren@ents.
FIG. 14 is 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 tﬁe

present invention.

. FIG. 16 is a block diagram of a receiver according to one embodiment of the

- present invention.
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20 FIG 15 is a block diagramof a transmitter according to one enbodi nent

of the present invention. FIG 16 is a block diagramof a receivgs/10/2006
accor di ng tWOoMes/edsadi ment of the present invention. 2pcpokidess3ek VO
2003/ 094461 PCT/ US2003/ 013818 FIG 17 is a block diagramof a nultiplexer
according to one enbodi nent of the present invention. FIG 18 is a bl ock

di agram of a codec according to one enbodi nent of the present invention. 5
DETAI LED DESCRI PI.Q i€F blbHEdRRESRINE rdivEibid: Qbkoliiag By Geftbobiyanbiae i s a
departure fromexisting inpulse radio techniques used for wreless

transm ssi gRs4k ifddkGon, | N order to introduce the reader to the present
invention,” the follow ng technol ogy overview is provided as a precursor to .

the specific e I, gent 0,0of the present invention. The intention of this
overview is tonglggilg%?ﬁl@gl?@%@m tcﬁ‘fetcﬁéc‘)f@ilﬁaé‘? gnepmehodiney of e preseats ent

I nvention,_ and should not be used to limt the scope of the present 7,
i nvent i on. ¥pdlogspect of the present invention refers to a radio frequency
system designed for use in high attenuation and capacitance environnments

whi ch & e conmonly found on 15 netallic guided-1ine conductors, such as but
not limted to, tel ephone twi sted pair, coaxial cable, Category 5 cable,

power lin i @gp ' ' ot limted to, }
metallic ?é]%l‘ﬁ%?@%?%%( ogpg?@m%mbﬁﬂl | s, decks and :
bul kheads, aircraft fuselages, siructural steel, mssile bodies, tank ;
bodi es, wat er %@Eﬁse‘ét’%‘fma%lsta Pariuce fremex|sEag Ippwenadie techiaiqyes wed nedi a”
is used tqg include the above mentioned netallic 20 guided-nedia conductors j
whj | e exc ffdvinRlessiansmission ofdata e ordent iatrodune topteadenko the present invention,

3

A
':f\ ) ;
the following technology overview is provided as a precursor to the specific embodiments

10 . of the present invention. The intention of this overview is to assist the reader with the
understanding of the present invention, and 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 aitenuation 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, etc. The term
“electrically conductive guided media" is used to include the above mentioned metallic
20 guided-media conductors while excluding tranémissions over the air or optical

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

The pulses of the present iﬁvention 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




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

pul ses of the present invention are short, |low duty cycle pul ses.o9lh® /2006

duration a8 200#0944€Ycl e of the pul ses vary with the parkGTaus2a03/01s818 um

bei ng used. For a guided nedia such as tel ephone twisted pair the

practical range of duration of the center channel 26 09/10/2006 WO

2003/ 094461 PCT/ 1352003/ 013818 fre%uency of the pulses is between 300 KHz

and 150 equFRPY: pif 1he pulses 18 betwesnsd0dilaendol i MBg, elisioequateds paisa darationss. 67

nanoseconds respectively. ‘The upper center channel frequency on tel ephone

twi sted padf 265 nanoset@ds by6.6 TeanpieeoadsaBgRctdlely. aTheipercaptt ¢hannBEgi NS tO

- bccur around 100 MHz. The overall duty cycle per unit of time is variable,
and is 5 : Of ef |14 .requency tinmes a

R féfépﬁ&]ﬁ WisRd :ﬁﬁirr lé)lflmftgclf?}g%la ﬁ%ﬁo@%ﬁ&ﬂ &f rﬁﬁﬁ?{l%l}_'\%ﬁpg

gi ven pul se durdation.” The m ninmum pra e repeti guency is
ependant .1 he accepta j Lt for } gi ven wi ndow of tine. The |[ength
of the tel }ge%hng&% OF R 5‘%’3‘8‘? L@)I Ikhltzo %e greall E’Wé{%ﬁ%ﬁr&@#@f timg is {griable, audhiser
channel_ frequency is used to achieve the maxi numdata rate at any

parti cdl ardependanton Gs praduetiof thepslse ratietitibm frggentshiémésaogivent prsd dunsiont he
accept abl e pul se center channel 10 frequency. For a guided nedia such as a
coaxi al céaieeninfmuppeetical phlss RpGRiodI fredubitl 1Odpehdahléh the GRleBlabRIARPE]
frequency of the pulses is between Sodg Iéil?lzyang@%p to 2 G—Iz,ﬁmhit]c%'eéuate

0 pul se dyivehl oW bt AABOTRARARESPIEScILMone AR DAPRS AR sy %ﬁ%%ﬁélnl;?d. s

inthe art w recogni ze t he approprrate C

dependant _gm ,t e r 15.m xture of uges, of the guided nedium the
o oty "SRR BB ey Bt neieu® B imimym Shhen o e
'gr%undi ng, whether or not the cable is shielded, and other factors such may
exist in Gepmissiondisiancsp Jhe kagerdhe Mopete lovem tieracoephibielsn destes cmaelbased on
t he Gaussi an waveform and various derivatives including, but not limted
to, al@ir&equecy.vati ve Gaussi an nono-pul se, a second derivative 20

Gaussi an doubl et, etc., or conbinations of one or nore of these pulses. A.
Gaussi an.

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

' ‘fg 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 intetferencc, 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 derivatives
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, significanily 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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waveform is of course, significantly and mathematically different froma

si ne-based waveform sawtooth waveform triangular waveform squar®o/2006
waveform geoewsgpmer wavef orm and variants of those woyefptd; sy at ed

by frequency, anplitude and phase. 27 09/ 10/2006 WD 2003%/84%{ d

PCT/ US2003/ 013818 The Gaussi an waveform of the present invention is
critical to providing the benefits of the present invention. These pul ses |

can al so b&hd Gawssidn meveforn of thepreenaiRhB6H chiflgd] to POVRGANE 88HeRRMLE the
characteristics including, but not limted to fast rise tine, ultra-w de

frequency spehtfvettnddheds iked B I?er}grrﬁé’%@?%}(m%?e gw{r;lﬁﬂs&xig%;ﬁt ures, etc.

The pulses 5 exhibit a unique tine domarn s dre an 4 frequency - -

domai n signature. .The resent.ipventjon's ti domaj n signature is a

result of gl%’ﬂ@“ﬁ'ﬁ%“?ﬁ#ﬁ“?"tﬁf Ch icidinge putdiet Himited fofast risglmenuirapeade

wel | -defined zero crossing and peaks. The present invention's pulses are r,
r ecover ed frequenty spread vaisiva timetdompémanchfrenyeroyrdotraim sigmaairesy atcofTha pakeci f i ¢
amount of energy in a sanple wi ndow. The sent and received pul ses are a

time rB&f erezhibét sagiquesimelddmalni Sibnadilahd MdbRS] RéReRByaforiaftsiochdimEOYhse, since
the present invention relates to Gaussian waveforns, tinme donain

signature S8 Hv L R . th viefor triangul ar
vever or m Taim e aloTy i MEARh SN Lo MR BB R of b B e
wavef or ns dul at by f ency, anplitude and phase are excluded from
consi der aP m&)ﬁ% W%aﬂgﬂ\ﬂé%/we@%ﬁ? TEpssingand perksi dhe prpsent drventionis sulsesy

continuous phase carriers as opposed 15 to the Gaussian waveform based
w ses of afefecqyered dmtheitimealoniaimby Fawhingefouiha dycatianel aspetifio atonst 6fs .
tra-w de band in nature because fast rise tinme pulses are used. The . }

pul ses ar enerfyeinef safmn@letwiaden ThesknPMe redeiigfl®R hRadiRd reffér@ﬁ&%g_&i%‘}st and
nsl

narrow band, periodic signals are therefore excluded fromco eration,

i nclug) n ' 110 i ne- ed wavef.o saw oot h
wavef or mgm{c??g#g I a?sd‘g%%\%\%\l}%é b?ﬁ{msc ,&i{“gg’usg'{%%%&%@f‘ﬂg‘?‘m&&f@%{egﬁ‘émﬁ&%f orns,
and vari ant.s .of tﬁfﬁgﬁ waveforms. = The puyl se characteristics enable

i ner eas ed &TelFms, R SiEnanres hasasiAn sine-based waveform, sawiooth waveform,

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 othe; time domain signature caused by continuous phase carriers as opposed

15 to the Gaussidn 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 iransmitted over a huge spread of frequency, and

narrow-band, periodic signals are therefore excluded from consideration, including |

frequerncy 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 ekisting technologiés. Particular attention must be paid to

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

twisted paits. For example, radiation occurs at approximately 100 Mhz on a telephone
28 :




performance of the system over existing technol ogies. Particular attention
nmust be pai‘g tg zﬂhe radi ation of the pulse energy in unshielded ngald/izoos
envi ronnent ¥ 2PORHEL ¢ ¢ ephone J tw sted pairs. For eX{HiIsg0030a8isti on
occurs at approximtely 100 Mz on a tel ephone 28 WD 2003/ 094461 09/ 10/ 2006
PCT/ US2003/ 013818 tw sted pai r, which neans relatively w de pul ses,

conpar ed t over coaxi al cabl e, nust be deS|gned for
use in thi ﬁF‘gHﬁl‘ét"fSﬂé‘%ﬂ att’f?]é['ﬁ“é%ﬁ‘&ﬁqst‘é‘ﬁ@émﬁé‘ﬂmﬁ’ﬁ? weraly ant age of

t he puI ses of the present invention are their unique tine domain signature.
Thi s si gnatagxial eablis wist be degigradprigsede thisc high aitetmaiionyhigh dapacitaeatédimof a
bul se 5 through a process called correlation. Correlation indicates a

coi nci dence of 'Hmetﬂgamag@@ﬂthapﬂs@%ﬂtﬁ@px@ien’éi‘ﬂ@en‘ﬁ%ﬂfmétﬁéﬁﬁni ﬁeﬁﬁ&%ﬁb}?ﬂ'aiued by a
received pul se signal. This coincidence known as the auto corre ation (a

form of cag | C 0 the in very
speci fi c tl%h?%gg@m %ﬁ?e?%ﬁﬁlg%?feggﬁin dte ge@c‘ig Qﬁ%g)aat? pul ses

at verg % Elbgnal to Pgl se SNR) eI S, even down into the noi se floor.

The dePectPEHEDT PIOGESS &alfe \ﬁ‘"ﬁ?@l @e@#&t@aucglnﬁsbstm%nmwhen@he

coi nci dence of energy versus the 5| gnal with respect to noise. There are

two advanteRlies obthetsens pulspisirewtiplied tytuaredaived palse yignid i hix: coirvideats kickwn t 0
coexi st with existing telecomruni cations technol ogi es on copper w res, and

t he abi | i tythe@utotddeRkioR(tofh bf &rRffioh}) endbRSs FheRibcibA BRthe [pﬁé ?oé?ﬁ%sﬁi of the
present invention spreads energy to beyond 25% of the cen requency

whi ch

H)!gé or tong SPOEHCh e tlsﬁﬁﬂgét%etaéwﬂ%@ssﬁ%ﬁ%%%%%t@%“s ey tow
racteri.sti I|m(§ ar e d and near-end crosstalk interference wth

ot her tecﬁ‘ﬁfﬁl Y P é@é‘t"e g \GR H’Pé‘g@m‘: npise dlgor. (Lhe deigetion efithese fgve

characterlstlc al | ows pul se-based services of the present invention to

co- exiGt SWRdevel pignalaiswossibledegiorthe ¢apidentdofienbrey vesnyiheaiznaliith as, but not
limted to voice, DSL, etc. The pulses illustrated in Fig. 1 a -1 | f are
spread i rrebpeetiipaiodsg. i N excess of 400% of | o

There ate two advantages of these pulses in the frequency domain: the ability to
«coexist with existing telecommunications technologies on eopper wires, and the ability to
_ ﬁ'ltér and correlate the received signal.

15 A imlse of the pltesent invention spreads energy to beyond 25% of the center
freqtlency which causes the éigna,l fo appear'as' noise to most narrowband, wave-oriented
communication systems. On a telephone loop, this characteristic Iitnits the far-end and
neat'-end ¢rosstalk interference with other technologies operating on adjacent wires; In

' addiﬁom this characteristic allows pulse-based services of the present inventton'to co-exist
20 onthe same wire operating with other services such as, but not limited to voice, DSL, etc,
The pulses illustrated in F ig. 1a — 1f are spread in frequency in excess of 400% of
the center frequency. The pulses of the present invention create power spectra that are
dramattcally wider than traditional spread spectrum technologies, which allow signals to be

transmitted faster and further than traditional narrowband methods.
29 |




the center frequency. The pul ses of the present invention create power
spectra that are dramatically wider than traditional spread spectgoymo/2006
t echnol ogi 8¥0 2430846kl | ow signals to be transnitted faseeruspoes/dissisher
than traditional narrowband nethods. 29 09/10/2006 WD 2003/094461

PCT/ US2003/ 013818 In addition, the pulses of the present invention may be
shaped spectrally to control the signal bandwidth, limt out of band -
eni ssi ons, i n- bewaddidipecthe philsés cfttinemasent inventidn medybe shaell spewelly toongelequat e
on-of f attenuation ratios, etc. The pul ses nay be produced by variqus

met hods t haye siphl BAROWIALH, B it beﬁfdcgnf.%‘tiéﬁsf‘iﬂﬂﬁd bk F1aBlcks, time Hifafiy St €M OF

the present invention can also be used to transm't oné or nore data . bits .

per pul se, e, nul.tipl ul ses to. transmt single data hit. An
uncoi | ed, P %fﬁ#%n%rl’ gfaedc?q%? glgoﬁﬁgf’ﬁ“ﬂ%ﬁfﬁoﬁie}%gs@erp@&ﬁ?%?g’e 3H?etdi g pattern
of pulses wi|l prod Ctﬁ in the frequency domain a set of conb lines within
t he power %’QHQWEWP@? ot a5¢ kpven touns of oglinamnhgkdlbinctbedrt) i nes i dentify areas of
peak power and can cause interference with other 10 services transmtting
on theblsane or Theaydigm of the prdsanidneieion can Aciteaistdd @meas ok opeele daaner
noted in the conb |ines above, the energy can be spread nore uniformy by
usi ng pse | : ; ' i I ' pul se train
%@pélaﬁiﬂ’éé%ﬂﬁ#f%e(naﬂﬁ%]]@‘ﬁgggsl %oﬁrg‘r%]}-sﬁlﬁﬁ Eﬁ@%%ga it &% uﬁdadgq,

relative to each pul se’"s nomn IS a Set time

- positions f he positioning for each | se in a sequence,of

pul ses. lé&%gmgﬁld@%%&@ﬁ%ﬁ%%nﬂ)‘ér Y PEFUR aﬁgmaf’fﬂﬂbﬁ’bﬁl 1odie | i shing
i ndependent _ communj cation channels for nmultiple users, or devices
oper at i ng WsiEquancyidegiatn awst af eareb lingsavithin thepowepspectose pfa singlegalse.ces, o
‘opzr ating random i ndi vi dual clocks and different PN codes can be desi gnhed J :
to have | Ghesercomb lines idehtifliatoas ofipetgbareandaa vhie ifteifrenddSiithiothsge PN code
wll statistically seldomcollide wth pul ses using another PN code. 20 In .
addi ti®n g&vﬁé&'ﬁ@gﬁmmégﬁfhgsﬁh@opﬁ%ﬂ Wkt hods of channelization on the same
metal lic medium such as, but not H‘X’ted to time division nultiplexing, L
frequency di viﬁli

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 vsed to provide a method of establishing independent

) communication channels for muliiple 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, etc.

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

modulated to convey information. These include, but are not limited to, amplitude
0 .




mul tiplexing, etc. Any characteristics, or conbinations of characteristics,

of pul se an be nodulated to convey information. Thesad/mnae /pde.e
but are n‘g@/ﬁ%&}ﬁ%g o, anplitude 30 WD 2003/ 094461 PCTRUEIFENABIEBI81 o /

2 0 0 6 nodulation, phase nodul ation, frequency nodul ation, tinme shift
nodul ation, polarity (flip) nodulation, Mary, and those described in U S
Pat ent Application 09/812,545, to Melick, et al, titled SYSTEM AND METHOD
OF USI NG VAR @%{%E@E&@eﬁ n=§mm95mmﬁ'af? hedplaion; pelaiy BUP) anal og
or digital forns. 5 One sinple formof nodulation is binary phase

modul at i onmodilaionaapeanddhage describediind P + Pasinh Applidatipn 081 2,640, teMelely phase
‘modul ati on uses a single synbol to convey a binary "1" when its pulse is

transm tt e al, entiXleHFXITHN ANID ASETHOD GF USING YARIABMESPULSES PORSE S
ransmitted in a phase shifted 180 degrees. As an exanple, a series of

{
bi nary phaﬁqﬂm t . £ i ency of 10 MHz sends 10
mllion pu sesm%'g}r&‘geg%rqgg{lﬁﬁlﬁ'é?%%%égaﬁgly%gﬁlfg%r ‘data transmission rate
of "10 ps. A nunber of Mary dul at.i,on net hods (where, M eqyal s nunber of
bits per symbSfoFs 16 1B Gt amodulRton i bingly %ﬁm&ayﬁﬁmw Mﬁ%‘ 0t o

modul ation. A 4-ary nodul ati on net hod defines unique |ocations of the

“pul se centteansmip pinggydhfosmatinl. . Bidaw phasstrhediiladion Msesraysimglel syahiol tmcongesda f or
wireless ultra-w deband is called pulse positioning 15 nodul ati on (PPM)
The nor malbidampt 1€rivh ats ipalke &f trdakiittéd @5a spebidiel Phdse bod abimafy 100 whentls palke t he
expected arrival position or tinme of a pulse. A PPMtransmtter delays or
advances the, o . R t AQf..Ll r ' ' position
i‘nyorder Itllo n@ﬁ?&?épﬁﬁggg%@il%%%&gP ragggigﬁvglrg’%%&n{g%éf@ggfga &s whet her
S pul se arrjved “early” . .or. "late"-in lation fq its. expected arriyval

Ui me or - pBURElalE pulsts tarbmifidat  Foduennaf B MBaprds Lgumilicn s Ber Sronds i ¢ ¢ e
at a rate of one per second. Because the receiver of PPM pul ses expects
pul se0t oyighhingmsymbolor datetrafsmissipnpae o§ Eebibgs. a val ue can be assigned to
the arriving pulse depending if it arrived 250 m|liseconds (ns) early or
250 nme late. A number of M-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 expectéd 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 infommtion.' 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 pef 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
:p_ulse depending if it arrived 250 milliseconds (ms) early or 250 ms late.
For illustrative purposés, we will describe the pulse modulation as one of the

- preferred methods of modulation implemented in the present invention. The pulse —
© 31 . B .




For illustrative purposes, we will describe the pul se nodul ati on as one of
the preferred nethods of nodul ation inplenmented in the present igwant/xve
The pul se %9 208/026462006 WO 2003/ 094461 PCT/ US2003/ 0138pETmsews/eissn
i ncl udes the use of pulse positioning characteristics provided in Mary
nodul ati on schenes such as PPM However, the pul se nodul ati on focuses on
evaluating "how late" a pulse arrives fromits expected nom nal position,
ver sus PPVmodalstieroicitlestherpseofpulb pasitionngwhatavtristicyprbwdedindManty i ved early
or late in relation to its expected 5 nom nal position. As.an exanple, a

2-ary pul smogutibrpdchefcSRIOR BEPIVS SbwiRe thd phididodulkibs fochfRlonl evalahihfy t O _
deliver two bits of information within the transm ssion of a single™ pulse. =,

A 10 MHz p Bquy ?i‘w% ) i [ . ransgit.. . The dul ati on
woul d defitlﬂe()%ﬂé\lnﬁe tgllbyeSg oca?#gﬁ@% e%ﬁ?%*f%é'ﬂ?@rp@“%ﬁfevt@é%sfﬁ%f%B‘ﬁﬁwgg?ti me or
t he expected ,ti of the pulse. The second tine location is 2.5
nanosecondﬁmpgieé(gﬁﬁ'ﬁ“%wg@hgﬁfé‘?ﬁqm HEived earkyjopdate mngrelatipnto s expested t ot al ti e
required to transmt a single pulse is 102.5 ns. This yields a data

t hr ougi¥putnamzing pofitiappAs ril reangily aP-#% phlspmodilatiompdhente based wPemn YOMul at i on
schene, sinply add another tine location of 2.5 ns after the second

‘location, piijeqhuatiisald Blebivettwdbits bf fRmAss ﬁﬂhm&ﬁé&éﬂsﬁﬁssion%i%léﬁg et hods
|

of npdul ati on can al so be used transmt additional 15 i nformation. For

exanpl e, i C ' e - ar | ul at.i sch . descri bed
previ ous! Y, %Acgm{r% %lﬁgn Wﬁi%%%g&%%%ﬁﬂ%ﬁg %‘Bu ?Pg'ﬂgqﬂnt data an
addi tional_t val ues for, a total o ééur di fferent val ue conbinations
within th&® ¢ ﬂFﬂ%?fIO%flﬁ%%“Mh% bonang thenqragal tpeor the pxpecied e d 2-ary |
medul at ed pul se woul d be sent 0 or 180 20 degrees out of phase for an
addi t i onatimegs thepudsey Ahasecond timierlotdtion ssd na@Redondslatd, ot aftee the fiagndlol | owi ng
chart describes the different val ues: CHART2 '

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 moduiatidn scheme

) described previously, in combination with phase modulation, we could transmit data an

addiﬁonal 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 0 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 Delay
. “00” . ) 0 , | " 0
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2- ARY PULSE MODULATI ON EXAMPLE 4-ary Val ue Phase Delay "00" 0 0 32 ~I WD
2003/ 094461 PCT/ US2003/ 010 UB8b O/ 2 0 O 6 | "0O1" 180 O "10" S0 /2d0é
180 2.5 ns YB) WHEPHESi ng the potential val ue conbinati oﬁ’éfT/‘ﬂS%‘B(!ﬁ{l

t hroughput yield has doubled from9.75Mps in our 2-ary pul se nodul at ed
exanple to 19.5Mips in our 4-ary nodulated exanple. As illustrated in the
exanpl e aboye,wth 2-ary pul s nodul ation and 5 phase nodul ation, there are
ot her puls ulation nethodd ¥fat can alsa be usg‘a conbjnatiop V\llth
each ot her| t18at provide for aMariety of perfor nanfcléSIns:veI s. PPMor pul se
nodul ati onj 41¢thods as illustrdtigd above provide forp sayeral unique '
advantages over traditional (fansnm sSion metnods 1n the denpdularton

process. PPM ang. . nul cl.ud

correl at or forrﬁ’h B%%@%%i&%g{;‘“ “ﬁ uﬁ@%@f%@s’&ﬁ #J‘agu?%@g}@éﬂgim and pul se
3 gnal of 8 sent L nvention. The correl ator nmethod of matched filtering -
is inpl erre‘ﬁﬂ‘-‘gh’ /a3 158 it eir-quy gulstimodylated examplatn EeSMbpsingur 815 ca or
nodel of the transmtted pul se shape, and then filtering the result.
Recei ved pubddaed dxamphat Ahillibteatedid e exbmpletabaveswith 2-ady pildcsmoduiaibnaad
positive correlation results, while noise or interference signals do not.

The degi Sigasemtilatocthb® - BB HoddREEN ARk PUh 38R hsBPm™de Usi ng

a "maxi mum | i kel i hood of detection"” algorithm The receiver

mhrks. ¢ ne BabARTRANEAS QR R plRleRy S Bl BE B e S gBﬁI ses. This

cl ock signal derived fromthe correl ator output of a matched filter
deﬂl cated to i EBP{{ o5 dllqdq@t{?ﬁplgﬁﬂp as illustrated above provide for several unique

- advantages over traditional transmission methods in the demodulation process. PPM and
pulse demodulation methods include the use of a corrélator for the decoding and
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 pulse shape, and then filtering the
result. Received pulses that match the model of a traﬁsmitl:ed pulse produce positive
coﬁelation 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.

'fhe recejver’s synchronization hardware and software use a precisé 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 shgpe, also called the sync pulse, associated with clock signal. The sync pulse is
transmitted fréquently enough, for example, one for every sequence of “n” pulses, to

maintain timing synchronization, A delay-lock lodp, or phase-lock loop are also methods
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20 pul se shape, also called the sync pul se, associated with clock signal.
The sync pu\!@e Is is transmtted frequently enough, for exanple,oomnfDio6
every seque 0094443 pul ses, to nmmintain timng synchr oRCEESI083013%43

del ay-1 ock | oop, or phase-lock |oop are al so nethods 33 09/10/2006 WO
2003/ 094461 PCT/ 1JS2003/ 013818 that can be used to nmaintain good system
synchroni zation between the transmtting and receiving devices. The
present i n¥dheandip usediq waigtain goadaysier synchronization befwesrcie bensmitimgahdt hei r

| ar ge processing gain. For exanple, a direct sequence spread spectrum
syst em wi t tecaivin@ devices. 5 channel bandwi dth to a 10 KHz i nfornmation |
bandwi dt h yiel ds a processing gain of 1000 tinmes the information bandw dth, -.
which is equal 'Mp@@eﬂqﬁi/&ﬁbﬁ’sg)qg}s ar@‘ﬁ)lérﬁﬁo?iﬂt&?erérﬁg%géa%f&tﬁﬁﬁis ¢l NCr €ase,
a receiver may be prevented fromintegrating recelved pulse sanptes. In

t hese case ub-carri er may be.used to enhance interference mtigation
and incre 8@?sglgg ggi%al?iof F’{?’g}ﬂlﬁ% ace%tre?téF’%HeB“agp§ ABPCIUTLSYSRINBRIV | MENTS
The basj s qf tlilg p({e,sent invention is the specific, a priori know edge of
the t ans‘%‘a&%‘?' e

wigihig 2 18ddHz inforantien bandwidth gicbisarmmotessingsgain f Hi00a
particul ar pul se. Whereas wave-oriented comunications seek to extract the
nmeani ng ofﬁmemmfomiaﬁopbmmth,ﬁrﬁMBmdqﬁﬂtbgold&ﬁﬁelﬁng! y on the existence
of a pre-defined pulse, within a pre-defined 15 wi ndow of tinme, on an

electrically C%%Sbﬁlﬁ@répﬁﬂiﬁn%feg c%ﬁ]ﬁ?&eﬁe{%ﬁjhé %vé@%ﬂﬁ%ﬁn&? ting

conponents of the technology are the pulses, nmodul on o IR

pil D

¥
e pul ses

' ' h f. i SSj . R
adyances oty ofBE SRRl In ek RO Bhuchvist by Shuve b eulmmremiatiresie o

rging, r.evolutiognary ultra w de band technol ogy (UWB) called inpul se
radi o mitigation and incréase the capability to correlate a signal.

16 EXEMPLARY EMBODIMENTS

The basis of the present invention is the specific, a priori knowledge of the -

iransmission 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 vvindow 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 ulira wide band technology (UWB) called impulse radio
20 commmﬁcations systems (hereinafter called impulse radio); Although pulses are wideband
in nature a_nd similar to ones found in wireless UWB or impul-se, 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.

34




20 conmmuni cati ons systens (hereinafter called inpulse radio). Al though

pul ses are gy in nature and simlar to ones found _in wWrel oMB 0@
i mpul se, tﬁﬁbg@?@%‘gg of using them over |ong distances JETQJ%POQWW
attenuation and capacitance netallic nmediunms such as } tel ephone tw sted
pair | oops, coaxial cable, and power lines is significantly different. 34

WO 2003/ 094461 : 1 [ .2.0,0 b 0 better understand the
benefits of wi rgﬁéiéﬁgn%u Se tfﬁég?nggis(?fwgleﬁ’é%#r?‘ﬁ?/ﬁ%FBWFethfé’@B‘%om ng
revi ew of ngm% se radio follows and was first fully described in a series
of .patent¥® ?ﬁP@Tlﬁ%ifW&“(ﬁfsmPPE? radigofollawsant wasHiret foBy describad. in 8 serd@®¥) , U. S.
~Pat. No. 4,813,057 (issued Mar. 14, 1989), U S. Pat. No. 4,979, 186 (issued

Dec. 18, 1190ays, awinding3J.SPRat. Nbiod,64, 3 7365uedF8b. (3, 198B0UNDPat. Ro. 49P¥0571 0 Larry -
W Fullerton. A second generation of wireless inpulse radio patents

i ncl udes Uissuedelte, 1 , ' 9 . t No.
I5, 68?, 169L((i ssued Nom’\?l.%?)iﬁgl'g%%h ogﬁ?L?%?séh aed ﬁﬁ%.léls%??@a@s( F &2y Nov.

-3, 199&) t Fifol ‘et vl gosThe af tioned patents are hereby

i ncl ud§d i%@hﬂ%@% lgl/‘e(Z{br}?/()e‘}r' & Je9I9 é%@i‘agg%teﬁ@ﬂ%s FF‘E’Q‘I&e’FﬁE‘T‘H?é‘rOfW%SF cuits,
filters, correlators, nethods, techniques, etc., that are 10 useful in the
present i ARBHISE Hdio pateniginghdes 14 8sPasfNayiSs637 824 (issusd Qs 14ath%s),d).8t Rats ar e
described in U S. patent application Ser. No. 09/332,502, entitled,

" Syst em ad. MSBRAAO fissued Now LK, d907PetdU1S. Dat. Noi 5832035 (RuddNSY. 3, Rty ko
Array," and U. S. patent application Ser. No. 09/332,503, entitled, "Wde

3
Ar ea Ti me Fullérein'et BB OB ofremYat ' : . th of 15
V\A;Dch are assi élned to Time D%n%?ﬁﬁ%%ét%%rggﬁﬁg%%%ﬁél g&g‘%gb}fgeg%ﬁli?‘%u s
des

cri bedy " nt. e useful in the present invention, and
they are fﬂr? gﬁsﬁgpggggﬁlﬁg?ogitcﬁcw 1 eéf’l""@ﬂ?ﬁ%?’f ot fiogtc ghatare | ¢ g
often (?esi rg\a/:.e when buil ding wireless inpulse radio receivers to include a
sub chfri i} theieseAL¥mERR si gnal to help reduce the effects of
anplifier drift and low 20 frequency noise. The sub-carrier that is

typical l'y i nplEvasmiant uadstofwimdens impubseesdie 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. 09/332,5'03,
entitled, “Wide Area Time Domain Radar Array,” both filed on Jun. 14, 1999, and both of
15 which are a.ésigned 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 é.ccording 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 dgscribcd in ﬁirthér detail in U.S. Pat. No. 5,677,927 to
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nodul ati on according to a known pattern at a rate faster than the data _
rate. This sane pattern is then used to reverse the process and gest®/fos
the ori gi naWORA0HI946iit ern. These sub- carrier nodul ati onPoEUSeElS/0f5es
described in further detail in US. Pat. No. 5,677,927 to F 35 W

- 2003/ 094461 09/10/ 2006 PCT/US2003/013818 Fullerton et al, and may be
useful in the present invention, and therefore, that patent is herein

i ncor por at Edldrtenehel, pet mapbe vsefid irethe presént inredtion, tud thetefarasthatpatampiser of
assunptions, the inventors have inplenented a testing environnent as shown

in FIG 2ah@éidjlﬁ0§0r§9djnﬂilﬁrw]}&@éﬁc&i n the prototype for 5 the preferred
enbodi nent of the present invention, tas shown in FIG 2a, are of both <.

t andar d d ' . ' o ir,
s ancar and pASRGLALENOREN AR RE SIS, 1RO SR
o e et 200 RS R e B SR S 210

pre- and post- processing received data signals are used. 10 This cable
260, 260' thepRferred@fibodinsent yiihe plesat intviertidny peshosmdn BIG. Zapare of bathpani es. The
cables 260, 260', 260", 260"' range in length fromapproximtely 1,740

feet | ong s-MdaMend PrépfeieiabeRburt @Rdinclids: bl Bbhof tRedbilr, 20-daakd Riephof 260",

260", 260"' availabl'e through cross connect’ions exceeds 14,000 feet. The

equi prent ,j n.t Rlﬁi) for aten8 Iy f nt 15
I nvention %teg{})%u i n?ﬁﬁgﬁ%da{%@eﬁg@%@ébgp bi rar’;rf@%arv "6%@%?5‘%‘%?’?200,
2,500 feet of, RG 58 (50 ohm coaxial cable 250, and djgital. phosphor
o?;. | | oscafi® ippgdange matching devioe & 4 vate Wi frapse 220, 220% ﬂlfﬁw t1al proge ¢80 nat ed,
T our lab fromdifferent entrances to ensure no cross-radiation between * /
t ransm ssanhcanpitergreghins fior pidhrand pestnpuoedsking récsivad tytpsigails awi uskd.ame
W re-wap used in nost tel ephone conpani es. The '

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

companies. The cables 260, 260’, 2607, 260°” range in length from approximately 1,740

feet long to over 5,000 feet fong. The totally length of cables 260, 260°, 260°°, 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, 260°, 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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20 cabl es 260, 260', 260", 260"' are grounded at the transm ssion end to a
dedi cated ground rod to ensure a pure ground. The transm ssion geyanatoe
i s a Tektr dhPR0EHEI4G 10 Arbitrary Wave Generator, capaf @ GRIGERSI&t | ng
anal og pulse trains fromdigital information at the rate of up to 4 36
09/ 10/ 2006 WD 2003/094461 PCT/US2003/013818 billion sanples per second (4
GSanp/ sec) . The generator is capable of delivering t vol ts %eak to
peak. The hilinawirdples pir sedond (bGSamPp/ec). Thegamerator zascam}iﬁe ofdeiveIIREIR Q2

osci |l oscope is a Tektronix 7404 Digital Phosphor Oscilloscope. The scope
i s capabl e ofif pedkrplpbdly Tie bagiviahhrat tiregendater baovel 25 6Haf t he scope is over 4
S GHz. There are limtations of the scope specifically associated with the

sampling rate. relteceRX¥hildtuodete s TERRMIF MINMighATRoHLSE OdcllobEeSTRONAS (4

QSarrp/Sec), t he out put o generator. In Order to sanple at this rate,

we currently sanple at. 50 .pic nds, (2 anp/lse j mate the
signal by % Hﬁdﬁg%aﬁ(?fotf@m agZ(ﬁéSgPplﬁéf' g;he%cﬁﬁg@ #&z}?‘l})ﬁo S ggglg‘irrpl i shed
using a conbination of MtlLab-and 10 C prograns. Th inary. inforpgation is
modul af ed GHi. oThene are lipistionsed $hosepprepacifically psyosiated withdhe prmplingirptei K87 pul se
train is generated in MatLab. The pulse train is transferred via File
Transfer Br@hsieohe bdopPrarinot sah@leyr 260 picosechuts (4 GSampiSss), the.oumit vfithegener at or
transmts the pulse train over the transni ssion cables, the scope captures

the pulse gLiddlib:. Th ARG SR AR A YR TukBRINULDR & 5@bRoSRBAANEIL O the

Mat Lab ma€hine for post processing. The 15 Synchronization of the pulse is

currently tabl i shed manual i nspection I's acconplished by placing
a"gingle ﬁ%@@sﬁc@giﬂﬁb@%%@ﬁaﬁﬁ’gﬂaﬁr% pul se train. This =

§3fﬁchr oni zation pul se provides for the determ nation of the i nni ng of
the pul se traiihe gmem&pnpﬁepﬂmmmiwplsﬁhe%wﬁaeﬂva?m%’t}%orf% @Q!i n the
stream of nodul ated pul ses containing the data further refines the
synchi@ni Zairogamef Thébinpylisferidtion is maQuidieéd irite perd psitichsugingis €dottins t est
scenario to generate, nodul ate, receive, 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
i)ulse train over the transmission cables, the scope captures the pulse train transmission and

saves the pulse train capture fo 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.

Aiso, 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 schemeé, pulse
¢enter channel 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 Digitat
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denodul ate a w de variety of pul se shapes and derivatives, PN coding
schenes, pulse center channel frequencies, etc., in order to suqeesSfAHdos
transmit aniOP¥B@P4#61 pul ses over the entire conbined | ePgubsoizmatige at
data rates that exceed state-of-the art Digital 37 09/10/2006 WO

2003/ 094461 PCTI US2003/ 013818 Subscriber Line (DSL) and Cable TV (CATV)
orders of magnitude. In addition to

cabl e node echnal.ogj es by one to two

t he basic g&%ﬁc H@ﬁrmémﬁa apd Cable TVO(CARY) @ble maiem tettmolagiesiyons thawe  bui | t

a nunber of proprietary boards to filter and anplify the transmtted and

recei ved SO@ﬁfjrﬁﬂnﬂgniﬁ(deder to inprove performance of the arbitrary wave
‘generator 200 and digital phosphor oscilloscope 240. ‘The arbitrary wave .

generator, di gi halddRdAIePIRba8s cddi r aand filter and

anplification boards have al so %e%%%gg%@éﬁa%d&ﬁgﬁ’%WW%@@%

17,000 fegg | local,tele ne conpany. Thi's environnment had ot her

t echnol og?%{sﬂtgrpl)lg?ﬁl g%ﬁué@r%w?%ﬁ' P%é%fgﬁﬁt%wm@‘ thadransreitiod erdyrecisgdmet ri ¢

. Digital. Subscriber Line (AD}?QI%%, El astic Ethernet, and Plain O d Tel ephone
Servi c@ ( ﬁ&ﬁ’é{ In qierde guprpve pretqsmancsraf therarbifraiyoravergeratbr 20054t digieh] and

successfully received over this |loop at a data rate nearly one order of

magni tude-mamberoscﬂbﬂscape@ibest DSL technol ogy currently available. ''. In
addition, the inventors have successfully tested over other nedi uns such as

15 wat er pipe, Thebibitd resent invenfion may b
configureg Itoo use a%ﬁ?ﬁ%@gﬁ&g?ﬁgﬁj\%ﬁ%&%ﬁ@w&& ?‘%B@%@@%W‘ﬁg

chart incly ds.ngt limted to the follow ng topologies which my .
g%configureﬁ N |io]§5§t,mn33r0aﬁf8$ﬁ e—iﬂf’fl 7t gpnnegled (o & Kytloan exeseding HARD0 3 £y
WORK TPDO}%Y FINI TIONS SW TCHED ACCESS NETWORKS Los
eet at a rural local telephqne company. This environment had other technologies operating

L,

10 in the same binder group including, Asymmetric Digital Subsecriber 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.

S

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 NETWORKS

38




Tel ephone mle Interface /User Tel ephone Multiple I'nterfaces / User

SHARED ACCHHE 20iMHRKS 38 WO 2003/ 094461 pg/ 810/ 2006 Pg& @003/%@1@/2005
T, g03ﬁ1 r

Cable TV Single Interface / User Cable TV Multiple Int

Power Line Single Interface / User Power Line Miltiple Interfaces / User
LAN Single Interfaces / User LAN Miultiple Interfaces / User BUS Single

fe.

of

Comi nat 16 ‘iabfsﬁé- gortnorracetoer | Single ol TS PR Y,
Wrel ess, (@TfA BUS_Any Conhi nat i on| Multgle wertages (JSEr f aree /. Lser
Tel ephon  PowebLineTV, Power Line, W rel ebSingleAnerfmm{UsUS The present
i nventi on'Paweeliser k t opol ogi es may be coMiligplé Rikrfoes/Idsed W de vari et)
medi uns ffqiap§ransporting data. The 1Ol D00 ThAhdes ) DRLUTES, BUL TSN
IE,)IC_rPI bggoémgg_{gl ottowrng—Tedruns— 39" Jmuihple Leramik _

BUS Single Interface / User

BUS ; Multiple Interfaces / User

HYBRID NETWORKS

Any Combination of Single Interface / User

Telephone, Cable TV, Power Line, '

7 Wireless, LAN, PAN, BUS

:}"% Any Combination of Multiple Interfaces / User
- Telephone, Cable TV, Power Line,

Wireless, LAN, PAN, BUS

The present invention’s network topologies may be conﬁgured to use a wide variety
of mediums for transporting data. The follbwing chart includes, but is not limited to, the

following mediums:
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'CHARf4 TRANSPORT MEDI UMS GUI DED MEDI UMS Tel e hone Twisted Pairs (TTP)

Coaxi al

Power Li nesWOI280349¢#468i ng) Metal lic Pipes Railroad Rail sPCTukions/&i:em

H ghway Rebar Vehicle Frames & Bodies (Including Cars,

gl nglngﬂg:, Wth Metallic Bus Strips (Including Woden Desks, Kitchen
Count ers Lab Benches, Etc.) Conpute Device Backpl anes Narrow Band
Si ne- Vave Carriers QOperating Over Cuided Medi urrvfj Tl - The pr esent N
' i on' fCHELRD ' be configured 10 USEe a wdevariety
:jln\r/g(r:\: : ggshg ” tlopol OgI;ZPg;grt! ng dat g. The foll pvm' ng chart incly
t[)):J'I[?EIC'SI'I %’Gg:ﬂilﬁ_@%guﬁlﬁégsulgs; Lé\l DI RECTI ONS Si npl ex - One direction only.
Hal f Dupl e Bir=arr p |, one direction at a time.
i Telephone Twisted Pairs (TTP)
Coaxial Cables
CAT-5 Wiring
Power Lines (Long Distance Power Distribution)
Power Lines (In-Building)
{ Metallic Pipes -
Railroad Rails
j Drill Stem
Highway Rebar .
Vehicle Frames & Bodies (Including Cars, Trucks, Tanks, Airplanes, Tanks, Cranes, Etc.)
| Missile & Rocket Bodies .
Metal Desks '

Trucks, Tanks,

Cabl es CAT-5 Wring Power Lines (Long Distance Power Di stydul/ixybe

Tanks, Cranes, Etc.) Mssile & Rocket Bodi es Metal Desks 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 network topologies may be configured to use a wide variety of
directions and methods for transporting data. The following chart includes, but is not

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 fime. Tho upstream and

downst_ream directions may be symmetrical, or asymmetrical in bandwidth.
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Ful | - Dupl ex --Bi-directional, both directions at the sanme tinme. The
upstream a ream di rections ma -be symmetrical, or_asymetgdca/3006
bandwi dt h. %ZW%%/ 094461 09/ 10/ 2006 PCT/ uszoommsé’f@’ﬂ%ﬂ%@ﬁ@lﬁrm
ACCOMMODATI NG MULTI PLE USERS | DEVI CES Synchronous Tinme Division

Mul ti pl exed Asynchronous Tinme Division Miltiplexed Code D vision

"Ml tiplexed Frequency Division Miltiplexed SPECIFIC TOPOLOG ES "Last M| e"
Access Network Topologies - FIG 3 illustrates the preferred 5 enbodi nent

of the pr i ion is configured as a Public Switched Tel ephone
Net'mrkp(%%%{qrg%ﬁﬁ GPMMOPAZANG MUBTHIE UBERS / BRVIEESct r oni (F:)s, sych as

a Digitall. lLoop Carrier (DLC) 400 as shown in FIG 4. The present invgntion
depl oyed (dSynahrBfoliN Timm Pivigien dMtiglesédgl e private nmul tipl exed downsiregm and
NpStream‘%qﬁbﬂﬁﬁﬁwT%e@iﬂ_&iklﬁﬂdlﬁ])ﬂexe‘a'f private downstreamns and upstTegns of -

| 1ALl

puI SEes. Jltoha iﬁﬁ N -l | curt—swrtched—metwork—whiteth—t+s—roe+rat- ¥
accessed 9 ngﬁ"ye@@_ el-ephone—systens—pri-vate-branch exchange
trunks, addoHeR fiplexed The circuit is bet ween the call_oriqgi fat or

and cal | receiver in a PSTNis conpl eted using network signaling in the
formof dial pSPEEFICTOROLOGIEEquency tones. Even though |ong distance
carriers generally operate fiber optic networks, the Local Exchange

Carriers (LEC “Bd&ﬁ'l\ﬁib‘:’A@@éEBNeﬁdrKToiagg%Es Eﬁ‘lﬁ]@@ﬂ%ﬂ@% HeHrSteh&d EC) are the

primary "last mle" link, which is erally telephone*twsted pair, to
the h , ' . referred enbodi nent,.of .th esent invention as
Shown 5 PREoARAOR e prliti AN Elehs ot ol R Py eiel SERPRReCd i ¢ hout

any i nterpedi el d el ectronics, and
, ) etwo?lt( ?PST topoefogy without any intermediate field electronics, 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 multiplexed downstream and upstream of pulses, or a pluraﬁty
of private downstreams and upstreams of pulses.
10 " The PSTNisa c_:irbuit 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
sigﬁaling in the form of dial pulses or multi-frequency tones. Even though long distance
- j 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 telei)hone twisted pair, to the home, or business. | |
The preferred embodiment of the ﬁresent invention as shown in FIG. 3 ié a typical
LEC PSTN network topology configured without any intermediate field electronics, and -
with the addition of a multiplexer 1700, which may alsé be referred to as a UWB uﬁt or
_ 20  telecommunications interfacg ﬁnd is shown in F iguré 17. The taﬁdem office 305 is the toll

administration office that connects the LEC,_ via transmission medivm 300, which may be

41




with the addition of a nultiplexer 1700, which may al so be referred to as a
UVWB unit or_20 tel econmunications interface and is shown in Fi gurg /b /200
tandem of fi W@ 28494461t he tol| administration office t haPCHUANEHIsIBhe LEC,
via transm ssion nedi um 300, which may be 41 09/10/2006 WO 2003/094461
PCTI US2003/ 013818 fi ber optic cable, a wireless system etc., to other LECs
through long distance Interchange Carriers ‘(:;XC), | nt ernet Service

Provi der s ﬁgcsma’,ﬂc P, iaowirdless sydenyi ate, tPother HECS thrgvgb)long distanesdnierchangsi nt s,
such as, but not limted to another conputer, a server farm and data

rever ber at CagieS\(EXCR IfieheiBdfvic BrovalRqIBFYf ApplRa@8bS droice PRividek A IR, tone or
nore Central 5 Ofices (CO 310 via the underground plant 315. The

d ( [ eyl ' ' h , but
e O OUrgtog Rl SR ot 05 bl RSP RGP 2.
di gital dat t . CO310 is th i t.chi ng. t f the LEC, T CO
O Lo oA SO0 e b cenler LT R, LB The 00

such as, but not limted to a Digital 10 Subscriber Lines Access

Ml ti pPexPicee{CAN)3 1 Oatathe Thderpound plantB 1§ eHer wdergroundpdant 31 2usuatly ansni t s,
and receives DSL signals to and fromthe Main Distribution Frane (MDF)
314. The @ongdtd obh@RpHe Hediint, BEcHSMW b RblemB@ P, B8ct obBE lif6 R} @k indGspeitr CUi t's
bet ween two, or nore customers, and the MDF 314, which is the main

~termnati nﬂhtﬁgés%eg,f@gﬁﬁ'dm%fménﬁc s tel ephone twi sted pairs. The CO 310,

w .l also be't catron point 15 for the present invention's

mul tipl exer 17 This equi prent geper.a d tes,. transnmts, and

régei ves si gna%g)?]f‘él’i[be %E%%%n%f%ﬁwﬁéé%ﬂg%@ﬁﬁ% qcefon polphe <y
/d-user via feeder distribution network 335, which are telephone tw sted -

pairs grodrey Lideaquinmdnt the hBECrisopsatipg, such 89 bulnnidindted\s pdigitdler f ace j |

Cabi nets (JWC) 340, and pedestal (s) 350. JWC 340 is a nechanical

Cr 0ss1@oniabderiBE Idad Aeksd MaltiplexeNE@ISI AN @tct aine IFRINEVItIN SeRdatBdi rs coni ng

from MOF 314 to the various : '

modulates, {ransmits, and receives DSL signals to and from the Main Distribution Frame

471

(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 forthe present invention’s muliiplexer 1700. This equipment generates, modulates,

transmits, and receives signals to and from the MDF 314.

MDF 314 is connected to the end-user via feeder distribution network 335, which

 are telephone twisted pairs grouped together in binders of 25 or 5 0, Junctor Wire Interface
Cabinets (JWIC) 340, and pedestal(s) 350. JWIC 340 is a mechanical cross-connect
20 cébinet that connects the telephone twisted pairs coming from MDF 314 to the vatious
| pedestals 350, via feeder distribﬁtion 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 pedesfal 35010

the interface device 361, which can be located inside, or outside a customer’s building
42




pedestal s 350, via feeder distribution network 335 in a LEC s network.
Pedestal 3 [ junction box where custoner drops 355 are termgmwtieadigoa
*  nei ghbor 93 q%&JéPoner drops 355 are tel ephone twi st eBCHEIHRE/MIH t he
pedestal 350 to the interface device 361, which can be |ocated inside, or
outside a custoner's building 42 W2003/094461 09/ 10/ 2006

PCT/ US2003 360. . | rface device 361 n be equjpnent, such as, but
‘not |imi teﬁg&%ga o‘%é(’(?e%gﬁana@ﬁrwn?q‘?tfﬁ as,i@_tn%]ém& oles W in FIG 3
w Il continue to_operate normal voice, nedia, and data services over their
network. L¥0EMNEIGdSiraffic will continue to be switched, and packets 5 of
nedi a and data will be handled with existing, or future systens and

prot ocol s such He, LEGdésctibdd ihFIG i BHill dntihiiie o aﬁ@daoﬁﬁm\«ios&,%éa@iahahaﬁ'et wor k
¢ SDN), DSL, Asynchronous Transfer Mde (ATV\/F, anal og codec, Transm ssion

Control ProhRe Io‘rérﬁﬁ%{] %@@voﬁ{ q_trogglgjoice(ﬁw‘biﬁ)con‘_?ﬁlfeﬁg;gggxgggr}lchga%g ﬁ)'g%l%{g ntion

provi des a protoco system agnostic carrre dto

carry any form of .di git.al voice dia, and_ data transm ssions, such as, 10
but no _I‘ici‘%%ff“3 %ngfaa%@ﬁlhg\ﬁﬁ’é‘@ﬁ% h eXEFNG PLIREUS systns R Pptesols Bchast ocol is
bei ng devel oped for the comercial deploynent .of this system known as the ‘
Li ght wavedubpetdimited ie, Integated SlervicesiDigitah Netvosk ASEN)| PSH, Asyndeomivs | at er in
this docunment. The nultiplexer 1700 in the CO 310 will generate pul se

t ransni ssitasfaMode(ATM)pamaldpecoded, Teank@itsion CohirbBotob5iGnirdeEPiRIckl 15 Once
I nside building 360, high data rate Hone PNA-type systens can be built

usi_ng pul ' t Wi ' Lectrical, Wri hg.
Forder <o Bt ST Ret Eheh@riabag ol Atal Hutein BB GriiiBiees' 1 om
tte CO 310,, over lin echni gues such as, clic Redundancy Code
(CRC), anﬁaq:%er %183 ?@F‘B’P%&W’e&cﬂﬁﬁf VEegenediy En.cé,/d*’é%ﬁalﬁ@lﬁ’é’@& speh #sasure an
acceptable Bit Error Rate (BER). 20 FIG 4 illustrates an alternate

embodi frenbutgpt liméediop SER(IPipacksts, AdM framenati guspedifisprotocol is being

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 Frror Rate {BER).

20 FIG. 4 illustrates an alternate embodiment of the préSent invention is configured as

- a Public Switched Telephone Network (PSTN) 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 muitiplexed downstream and

~ upstream of pulses, or a plurality of private downstreams and upstreams of pulses. The
. 4 :




a Public Switched Tel ephone Network (PSTN) topol ogy which includes
internmediate field electronics in the forma Digital Loop Carri er9{18 2006
cabi net 400WOrHPX0%4éGInor k t opol ogy of the present invenPCw/UsKEy/OMSeEs at e a
single private multipl exed downstream and upstream of pul ses, or a
plurality of private downstreans and upstreans of pul ses. The 43

09/ 10/ 2006 WO 2003/094461 PCT/ US2003/ 013818 pul ses are hi gh nunber base
encoded, amdlsetare highmumber base timeded) iasdart asgeordh thwisetrimgieofifgsi on on a

net wor k, which may be running voice, video, and data traffic by neans

ot her t han irkdeniguibiB@Sa Aétwhbie WSS belrVBRE 1Ak, vida J | §aGadlst
swi t ched network, which isﬂﬁormal 'y gccessed Ebﬁv;[ eP’e%ﬁ-cg%tgs, - %@gﬂs

t el ephone ' nch.exchange trunks, and data arrangenents.
The circui ?ﬁg{)@tgﬁméheeﬁjﬁgsﬁg@g%%gﬁt&Vﬁlétfo& and call receiver in a PSTN is
conpl et ed usi ng._ne rk ~sigpaling in the formof dial pulses or

mul ti-frequency N 158 RiFe ULt hifehed netprii whielnisamormalbyr dceessedyesnielephangs,
operate fiber optic networks, the Local Exchange Carriers (LEC) and
Conpet i% i vieylieleplionBxgstems riCate biaacls exchifgelruaks; ahd dath birifbethentsAThe Birdi'
l'ink, which is 10 generally tel ephone twi sted pair, to the hone, or

busi ness. Homveenadhé &4l ﬁna@ém i of.: ' ' 1S, a typical
LEC, as Shown in ; SreHghy 4, %"?"ﬁﬂ’{“ﬁ@&aﬁﬂ?ﬁmﬁE?’hgfﬁ%‘éﬂﬂ?“tnk%%‘i"?f 1700. The

t andem of fj; . ' he [ m ni st.r.ation, of fi ce that copnects the LEC,
via t ransrﬁI S o%ﬁln%%f%r%@(ﬁgﬂ P\ﬂﬁ?sc?fWﬁé-%guenpygcg}esb&vp%%@g@ QZHEQH'\WPF%I ess
system etc., to other LECs_through |ong distance Interchange 15 Carriers
(DXO), | nt“8HIELE ¥ epergie dipprientic netvamls, thedwichlcBxchangeSamisrs LBmndder s -
(ASP), to peering points, such as, but not linmted to another conputer, a- )
server f awmpetiivelbocl Exehangd@arsibis{(GLBCPre tha i@y Klasiihite't [ad emicafif i ce 305
I's connected to one or nore Central Ofices (CO 310 via the underground

pl ant 1615geﬁdﬂg1mﬂgﬁﬁfeqmdgjaﬁpf@ tﬁéﬁoxﬂé%?':ﬁélnesgonsli sts of transport medi um
C

such as, but not limted to,” fiber opti Ines for the transport
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

adwministration office that connects the LEC, via transmission medium 300, which may be

fiber optic cable, a wireless system, etc., to other LECs through fong distance Intercﬁange
15  Carriers (IXC), Internet Service Providers (ISP), Application Serviée Providers (ASP), to
) _ beering points, such as, but not limited to another computer; a server farm, and data RN

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 usuaily

| 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 (DSLAM), etc. The DSLAM 311 generates, modulates,

-~ transmits, and receives DSL signals to and from the Main Distribution Frame (MDF) 314.
44




20. of nultiplexed, digital data streans.. CO 310 is the switching center
for the LEGVO‘Eb]g/Om@lO Is a co-location point for any; ﬁ%i to A6
LEC is operating, such as, but not limted to a Digital Subscriber ~ Lines
Access Ml ti pl exer (DSLAM etc. The DSLAM 311 generates, nodul ates,
transmts, and receives DSL . signals to and fromthe Main Distribution Frame

(MDF)  314. o 10@1s20085 té;ﬁj Bﬂg%loéangﬁ Cﬂ‘clgl% b% Loft W(%%V\gl]bg%?l rsn(;r o

houses the switching gear 3 et n

custoners is the nmain ter tion block for all of
a LEC s te?'ggqﬁlﬁﬁﬁ% apﬁr@éﬁ 8& hhfﬁltge’él&‘tﬂl g’lﬁﬁ'gﬁfe’% | of gd di¥ '8t es,
transmts, nd recelves Si nals to andfromthe MDF 314. 5 The. I\/DF314
sends and sted nairp gquiglinginttgeherdias, anshutatansansmits,id feooives he DLC
400 via the underground pl ant 315. The Digital Loop Carrier (DLC) 400 are
connect ed signabnoand froseahe MIF 3eeder distribution network 335, which are
tel ephone twi sted pairs grouped together in binders of 25 or 50, Junctor

W I f [

of i nt o mech ot eI aTs ot i o e AL REAE BT %?%@Bv@”% Feach of
CO DLC t d | t f

traffic cﬁ?ﬁabﬂ?wsﬁ?eaw?a@?w@ﬁ@%mmﬁ%aaﬁﬂm”@ei w30, 10 this

enbodi ment of the present invention, the DLC 400, serves as the
co- | ocat i GARTsStedito prend-wsr piedeaden distribution network 336 whiph ave doleftiBAOtwistl C 340
I s a nmechani-cal cross-connect cabinet that connects the telephone tw sted

pai rs comnipaigs groopadibgtidd S biadérh Of ¥é6r ) JurRes S dllnSerBoO CatliRety (FWVICG 846!
dl tribution network 335 in a LEC s netvvork Pedest al 350 s a junction

X. wher gnEpisle 3800328 0 egr EJl&gr %gﬁ{enﬁe?d %aeﬁg%q%gs'[ omer

drops 355 are tel ephone tws arrs e pede

i nterface ice- 361 | oca I or outside a custoner S
bui | dli(?llg ﬂ%g) ysipal peach gfgbg)eyﬁ“?g@éia% @%PEWFMISW‘&@ leper Ohot
limted to,_a codec 1800 20 shown in FIG 18.

. 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 -

invg?ntion’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 netwotk 335 in a LEC’s network.

Pedestal 350 is a Junctlon box where customer drops 355 are terminated in a

nexghborhood Customer drops 355 are telephone tmsted 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. 8.
The LEC described in FIG. 4 will coﬁtinue 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
45 ' |




The LEC described in FIG 4 will continue to operate normal voice, nedia,
and data services over their network. Local voice traffic will cgtigusde
be sw t chedvoanes/packet s of nedia and data will be handpepustobfo@xisst i ng,
or future systens and protocols such as, but not limted to, Integrated
Services Digital Network (1SDN), DSL, Asynchronous 45 09/10/2006 WO
2003/ 094461 PCT/ US2003/013818 Transfer Mdde (ATM, anal og codec,
Transm ssi Tran@enModé (£TM),enalbé codees TrahsnissidrCaitrol Pi@svol/B)tsrnet RrotoBplot ocol
and system agnostic carrier of the present invention can be enabled to
carry any (fI@P?II?.f i g i | rbdeANBYEHRh QRS be St4bIdaS
but not limted ’%%,%%%Il%qﬁi%@s%hﬁ?%aﬁ@ eS{ gﬂﬁA speci fi c&ipar otdocol
i s being devel oped.for .the comerci al | oyment of this m.kpown as
Lhe L oht W2 saey BaY Bk eyl omet, o AEGHIE g oniscb AL BRT °)', o
in this docunent. The nultiplexer 1700 in the DLC 400 wi || generate
transm ssitenECBAP pepketsepBN Frampesneles & spesifie progicol s deingdevelopeddpiRe Once
i nside building 360, high data rate Hone PNA-type systens can be built
usi ng pul semrtdrainkdpldyagnpofihis kpstsp kanen s Liplitwevies DatarLigh protacbbal  wi ri ng.
10 In order to achieve |longer transm ssion distances as |ower data rates
fromthe ; o | ; | ganey Code
(CRO), an?bggg’\j\‘%rgés &Eﬁ%@?%&%ﬁ%%%@éﬁﬁeﬁc ?qgglﬁ%gbﬂuggg%?gﬁi nsure an
accept abl it Error Rate .(BER), The fqll ow S nple of retrieving
an Intern PE\XE}A EFisge MSE% %P&B@PW%" n@ﬁ%ﬁlﬁgﬁﬂe @étsr?@g'ﬁql%‘sent |
i nvention as shown_in FIG 3, or the alternate enbodi ment of 15 the
p;fsent i nvent iQaee insidethyilding A68;|high data ;ate Heme RNAHype sysicas v bp bbillei r LEC s -
swi t ched network wi shes to use their PCto access a web page froma renote )
server. Thsing!pulves raskdvittedoves tsldphase twisted paits drielectriedl wining. PC, i s connect ed,
either internally or externally to a stand-alone codec 1800, as shown in
FI G , or in i ' : j ' 8, and
i gy ﬁqﬁ’é@g@lﬁ@%&% éiﬁe mss@ﬁo)éﬁ%ﬁuT eée%%@higx?g A2 NEs £6m CHLE

in one enbodi nent can VB8 ' nternet browser
software, 43(51,00Qregga’mp Utg 160 : 'qlutlasrgutclz(la gs, tC%)rcIM ﬁerc{)u?ﬁzl;x}cy Code (CRC), and Forward

Error Correction (F'ECj, etc., can be used fo insure an acceptable Bit Error Rate (BER).
The following is an example of refrieving an Infemet web page using the preferred
- embodiment of the present invention as shown in FIG. 3, or the aitemate embodiment of
15 the present invention as shown in FIG. 4. A user with service over their LEC’s switched
y ) network Wish.es"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-alone codec 1800, as shown in FIG. 18, or iniegrated into a device. Codec 1800 is
shown in-FIG. 18, and in one embodiment can be a UWB modem.

20 The PC uses Internet browser sofiware, such as, but not limited to Microsoft
Internet Explorer 6.0, in order fo 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, fo_r accesé to the Internet over a LEC’s switched network,

through an Internet Service Provider (ISP) in order to retrieve the following file: -
46




Internet Explorer 6.0, in order to initiate the follow ng steps that would

generally bg  reguired to connect to the renote server using a st@ndad hoos
cli ent-serv@Pzﬁ?szq?f"fﬁécture, using a codec 1800, as showCTHS2003®13818, f or

access to the Internet over a LEC s sw tched network, through an Internet
Service Provider (ISP) in order to retrieve the followng file: 46 WO

20031094461 09/ 10/ 6. PCT/ US2003/ 013818
http: //vwwﬁ@’l’: Wéggmgﬁfﬁf%ébﬂ“%ﬁ@ P The browser breaks the Uniform

Resource Locator (URL) into 3 parts: ~ The conmuni cation protocol to be

used: Hyper EexThelorawsdrdreals th Qbdiorrt RESHRYce Locdtbe(( L )\iato nmnte; t 0 be
accessed: (ww.dlblimted.con) 5 ~ The requested file: (aboutDLB.htm The

PC s communi catd OIThs ebhifghiRatfn§Rbtesul o HAlsRd: £reM il PRithd1 BETE)
protocol The PC s conmmuni cation software encapsul ates the TCP/IP data

packet in Point;:t Poi nt _Protocol (PPP .ch.is an established standard
for the assi gnrﬁanﬁ%ﬁeﬁqﬁa%ﬁ%geemegﬁwmﬁgﬁg asynchr onous
(start/stop) and bhit-oriented synchronqus encapsul ati on, network protocol
mul ti plPexing, 15 nkhesapesipdride: (ehoutPiBRim)qual ity testing, error detection,
and option negotiation for such capabilities as network |ayer address
negoti ati on §nd’hdaPa’sc oorpimesativh Befpmié akdatd. a Had Packsensimgt DEPMCRldcR dat a
packet encapsul ated in PPP to a codec 1800, as 15 shown in FIG 18, which

is a full-dupl gxsuggyice, in order to transmt and receive is digital
I nformati on ovér tw sted tel ephone pairs. The PC can be transmt TCP/IP

P 18, i nck udBRg Cotrompiieainn colivie craesnaitsiie SEPAF du Papket BPIGH ac
i pheral Conponent Interconnect (PCl), Advanced TCA, industry
oint Protocol (PPF), which is an established standard for the assignment and
10 management of IP addresses, asynchronous (start/stop) and bit-oriented
: .syncl_]ronaus encapsulation, network protocol rﬁultiplexing, link configuration, link
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 ﬁ'ansmit and receive
| g j o digital information over twisted tclephone 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 Jocal and external
buses such as Peripheral Component Interconuect (PCI), Advanced TCA, Industry

20 - Standard Architecture (ISA), Ethernet, Infiniband, Univegéa[ 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.

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

the data packet into time delays for puises, modulates the pulses in a manner that
47 '




20 Standard Architecture (1SA), Ethernet, Infiniband, Universal Serial Bus
(usB), serial or parallel, 802.11 wireless, Bluetooth, etc. The gadag L
as shown i nWP 2030244618 nay be stand al one or integrated pOT/OSRODEIBSS

devi ce. The codec 1800, as shown in FIG 18, converts the byte information
contained in the data packet into tinme delays for pul ses, nodul ates the
pul ses in a manner ‘that - 47 09/ 10/ 2006 WD 2003/094461 PCT/ US2003/013818 is
conpati bl e wi t his cowapaiible with Sed B n eldphbed tedstabpais, amdskrially traddmitst sigmdmi t s
signal pulses over the LEC s switched network as a PN coded noise-Ilike

signals. "The 0Guki00 06 tRLIGAARABHIGRForkTW 4 PRIGHET i fifssconver st he

PN coded noise-like signals containing data resulting typi cal ‘

| nt er net usage .pa Lot o s, the es into. individual Rhits,, then
modul at es ang ;ﬁﬁﬁ?é%ﬂ@gﬁ:%bgﬂws? t Ei &WR"?@%@%@PP to a
user's | SP. Typical Internet usage data includes, but is not limted to
domai n name r edwisatlike signals cosaining duamresulling\feons typidmbinterndtusagebadsintn  of
browser cookies,” transm ssion of client environnent information |ike

browset-type ansteyahs bgss inkdihflvideaUss! estobudts aftbiig@dehb 8RS onte@gy at i ons,
10 FTP requests, Tel net requests, Post-Ofice Protocol (POP3) E-mail

requests, etc. aa@ﬁﬁﬁeﬁﬁﬁfﬂ""ﬁﬂ v, <) ral, . ' en
requests such gs TP, , eé ﬁoeﬁéipg)}gi' af@?ﬁﬁﬁrﬁ?@g%r@}ﬂ rlg(g{ﬁ%e%g% W th
dat a packet(s).containing.the requested informgtion in a variety of
formats incl udilsrfﬁ’?Lﬁﬂ{édﬁ%@omqlﬁp?@ﬁrqsﬁlup?qsé?,go@méﬁlﬁ%él’l%%a)}f@xt Mar kup
Language (HTM.), G aphics Interchange Format 15 (G F), Joint Photographic
Experts G oup (rammEdysiongfdrowsen cqikagsdaangmi3siva of otientlentivonmeent ifiormatien change . -
+ASCI 1), Tag Image File Format (TIFF), Portable Docunent Format (PDF), - )
Motion Pi ct ur elik&bpastr-1ohoad eMREGHTTIVRE  elts Alidh 4 “gbittaipo” opffdionsbi nary,
etc. The COs 310 or DLL's 400 multiplexer 1700 converts the data packet

byt esyg nt o FTP requests, Telnet requests, Post-Office Protocol (POP3) E-mail requests, efc.

& 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 variety of formats including, but not limited fo files,
-streams, Hyper Text Markup Language (HTML), Graphics Interchange Format
15 (GIF), Joint Photographic Experts Group (JPEG), American StandardlCode for
Information Interchange (ASCID, Tag Image File Format (TIFF), Portable

Document Format (PDF), Motion Pictures Expert Group (MPEG), MPEG 1 Audio

Layer 3 (MP3), binary, etc.

o e el b b e b AR S A e et prcrias <ot e e a s

& The CO’s 310 or DLC's 400 ﬁaultipléxer 1700 converts the data packet bytes info :

20 time delays for pulses, and serially transmits signal pulses over the LEC’s switched
network as ﬁseudo—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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20 tine delays for pulses, and serially transmts signal pul ses over the
LEC s.swit rk as pseudo-random coded noi se to the origi ey
page requeyé%osfpﬁ‘g\éfequester' s codec denodul-ates the pLﬁ%gS,mMﬁS o6
pul ses to bytes and subsequently bits, to be forwarded to the PC by

nodul ating them over the network or bus as described above. 48 WO

2003/ 094461 PCT@JS%@,O 1013817E 0/ 2006 __ The PC s browser processes the HTM
tags and for fat 55 e S Lpfecqssrs thy H ML tagrandfacnmsts the wshipags for Bsplapc '
browser may invoke a plurality of "plugins"” to. provide additional
functionality avuthe8CH wotitoy. dht BC borwsat mapirveke 4 plarlifTof “phisis” texanpl e,
Rdobe Acrobat to display PDF. files or. Wndows Media Player for MPEG 5
and MP3 files gudvidé adiiiGnal TRbtongIyiahe [PHiSNSS St BYmIE HRPABhEFNEY R4

%i mes in order to retrieve a single web page, or transmt other types of
i gital data at.hi d .. ot li.m.te vVoi ge I C,

Vi deo sof twar ol ARAE Roroll iy S A5 or MR Mol Bt fEMEAR)

vi deo onferenciﬁme@c. 10 FIG 5 illustrates an alternate enbodi nent of
the preésent in tles, apdl jixeangs. capl e Tel evi si on network (CATV), which may
operate a single, or a plurality of shared nultiplexed downstreans and
upstreams of puhtemtireTirecqssingebe mpentid giemltimey inloadee to RNGvd adingdelar e

near, or in the noise range of the transm ssion on a network, which nmay be

runni ng veageor ttadkaot othddyta bdikha ldhiaGt Righ¥BANS, AL bl P 1ikMEd R se

transm ssions of the 15 present invention. Cable television netwrks are

general |y &@é‘iﬁ?ﬁﬁ o [+ ndwi dt.h. . L ch equate t he
tofal nunger ’0 c(lf‘lgﬁ%&bs\é theilg%ng%&ﬁl?"le{‘lﬁ tap\fx@pbgquo §F‘@%ﬁg‘f@%@$ﬁ&)§nat ed as

VHz a‘?@eSSO .. Newer systens are designated as 750 MHz, 860 WMHz, and
1 GHz. CATYCREMIBFRUNG,EL- coaxial, and/or fiber optic cable to distribute

video, 20 audio, and data signals to hones or other establishnents that
subscH be to tHE.Sdlvstrates 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 downstreams and upstreams of pulses. The pulses are high number base

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

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

Cable tcleilision networks are generally categorized by their overall bandwidth,
which equatgs to the total number of channels they can 11‘&1181]]11: 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 cabie to distribute video,

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

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

t_elepho_ne or power distribution company. In areas with anderground utilities, CATV
| 49 |




Systens with bi-directional capability can also transmt signals from
various points within the cable network to a central originatinggQigitzggs
CATV di st ri¥OeME946t ens typically use | eased space on BCT/UBZ0w3/@As®@s owned
by a telephone or power distribution conpany. In areas w th underground
utilities, CATV 49 | WO 2003/094461 09/10/ 2006 PCTI US2003/013818 systens
are nornally installed either in conduits, or buried directly, depending on
| ocal bui |mﬁ¢glsmmalmlns@1¢d eithedint ¢ondis, érbuaied directlyedepedidg or fdcabf t he
present invention is a typical CATV all-coax netwrk, as shown in FIG 5;

with the dsifiidiigaodes and sollkérddi@xer 1700. The Head End 5 Office 510 is the
central originating point of all signals carried throughout the CATV .

network that co i nsm ssi on .
medi um 400, V\h}lﬂgﬁ rragé %ﬁh&@é{l}tr&gwfg Ceégif]gen%g @%‘?ﬁ’ é'@s §§st em such
as, but not _ I|tes and/ or. nedi a servers etc. Transm ssion <.
medi um 406*° Hﬁ [Pa‘?sssgo Wthg%ﬁ’rﬂﬁié&oﬂloﬁa&&‘ﬂt&’ ot (¥ TheHesdBind codes

cust oners throu h an Internet Service Provider 10 (1SP), Application

Servi c& Pi4{irelaF0 isBRentralorigimting goinooflksigmlsaarad thibughoubthel ATV ed t o

anot her conputer, a server farm and data reverberating. Head End O fice

510 is t heetwdrk tHat Eotinbéts 83 € ATV et B tFHD ifl¥ vih Bndafidsion AEENRY 400, The
Head End -Ofice 510 can al so be a co- I(gl?a I on po‘innt for a%nISP > Head

ransm so. B 1oy HE e ROl bR el S5 R B Sy e 'QQ?LZbLLSm
TV si gnal %”\7&' @B‘Zﬁ[‘i to, a { conbiner 512. Combiners 512 are used to

\%bl ne s Hhedia svgrsaets; fgneminsiopmedium 400 may plse bapssd tdegr ee of
| ati on between inputs. The Head End O fice 510, will also be the

co- | ocat | ¥Hmpetitn datﬁcsom'cq‘:séomabmﬁm onseombsrothraughnah Ttpinet@rvied Pfavidehi s
_equi pnent gener at es,
10 (ISP), Application Service Provider (ASP), to peering points, such as, but not limited to

i
O

another computer, a server farm, and data reverberating.
Head End Office 510 is the multiplexing 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 medium 500, and generate a high-quality vestigial sideband TV signat 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 generaies,

modulates, transmits, and receives data signals from a customer, switched networks, such

20 asbutnot linﬁted 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 ami)ﬁﬁer 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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nodul ates, transmts, and receives data signals froma custoner, swtched
net wor ks, su8h 20 as but not |limted to the PM and data packet 14606
such as, buVof8P¥P®#MHted to the Internet. The signals f rRSGHUIREIXYRIBner s

512 are fed to an anplifier 513 that is a low noise, high gain anplifier
that also stabilizes the | evel of VHF and UHF channel output signals. s

50 WD 2003/ 0944 PCTi‘.gS§q33/0 3818 0/ 2 0 0 6 The anplifier 513 sends and
recei ves mul ti pl'eXEFPUHFR1dgonds andreceives mulfilgseds avalogandéoridigitahdathr om t he

di stribution network. CATV networks are specialized systens for

transmi t ti A§eHRHeEpd fomshedisgibutiorcizawort] EATV metwaks &d spetizedRstendtiber t han
d general - purpose comunications nedium so the topology of the network is
desi gned f aunsmitthg ntaierdds Slevidiod & | oG d ;
{ree-and-br anchﬁgiglchi tecture. Si gl%glllbg;Effégag%ﬁjgcﬁegg’fa@ﬁgﬁgﬁ?%8%1‘%110 are
routed ove 1 S5 | 51 ich is. coaxiagl. cable to CATV node
520. CATV %‘6’%’2 520 1S %ﬂﬁ‘ﬂé‘g%ﬁﬁﬁﬁwﬁ%ﬁtﬁ% n'afﬂ"’ﬂ‘ ieAssiensddpiork to the
vari ousg br anches th&tb ﬁerv smal | er. g?elg%r aphi cal areas. The CATV node 520
rel ays “si gRaf L distibution efficigney; andjs callsd adtpetansbomehipchitécbure. Signplsdest al s
530, 530", 10 distribution anplifiers 540, to a custonmer's drop 545, via
feeder di stemihe Heas! Ensk Oifick 5 BB&e roufétcover eawshtissionvestina§15 Sviabis i @paki cabl e
to CATV networks configured in a ring topology. The custoner's drop 545 is

connect ed dabledo iGNEY hedees200 AT 2§k 5204 £R PGB i h as, but
not limted to, a CATV splitter, from which coaxi gl%ﬂg)g’g]lqul EA%&EH | di ng 360

may term i | lLevision recei,ver on 12-c el systens,
gr) 15 nte e LT el e i Se st bl Bk iaoont s

em recg’gyg&s and vi deocassette recorders are "cabl e-ready” and include
t he necesSAary ?3%3'%«3’?353536‘ e guhonfyster o disiribwtion psdsstaln 587308 s.  Syst ens

provi ?{)ng pay services may require a descranbler, or other form of
convety er distrebutiqe amphifiers 54@ o & chstoraertsadrap S4fyviatfeeder dveibution haeRIVS S hese
speci al services. Newer cable systens use addressabl e converters or

descr anbl &he pregént im@ntion is also applicable to CATV networks configured 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 asYstems, or

15  into a converter where more than 12 channels are provided. Most modern receivers and

lvideocassette recorders are “cable-ready” and include the necessary convc;i’ters to access the
‘ gddiﬁonal system channels. Systems providing pay services may require a descrambler, or
other form of converter, in the subscriber’s home to allow the viewer io receive theée
special services. Newer cable systems use addressable converters or descramblers, giving

20 the cable operator control over the channels received b)‘f subscribers. This control enables
serﬁces such as per-view pay without the need for a technician fo visit the home, or
business, to install the special service. In addition, the customer drop 445 masr terminate at

an interface device 361 with an integrated codec 1800, as shown in FIG. 18. N
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20 the cabl e operator control over the channels received by subscribers.
This control enables services such as per-view pay w thout the 0 & RS0 e
t echni ci an wo 203594461 he honme, or business, to install therppapi@isserVvice.
In addition, the custoner drop 445 may termnate at an interface device
361 with an integrated codec 1800, as shown in FIG 18. a 51 09/10/2006
WD 2003/ 094461 PCTI US2003/ 013818 The CATV network described in FIG 5 will

continue to proVvIsCATEinetwidk B8crib&ER & ir
network. In addition, tﬁle mul ti glnexer F?ﬁg%“?ﬂ tnﬁlelﬁ@Hfg?égﬁaegl\é%npﬁgé 510 will

scheral o PRI RIS el 15, SRR BB R o R Pl ™

noi se level 1 n order to crea
building rate Hone PNA-t stens can be built using the
pul se tr anEPﬁ‘ 9@%&%8 &Fﬁ BHISTHI? BRsHSSIONS @M@rutm]&émnwr&@m@mng ngagsia@dnpair s
or electrical wiring The following is an exanple of retrieving an Internet
web page d@ﬂﬁgwehﬁddm@NkEEWmEMbhmmeﬁm.the present invention as shown in

FIG 5 A user with the service of the 10 present |nvent|on over the|r

provi dér' s net inaHdivbs base
2 gy Qi 540, Bigh' BudeE TR PRIy Rl A

renote server. The client deV| ce such'as, but not

connect ed . ext .St and- ne code 1800 as
shown in aeguﬂgl@md i ﬁ ﬁlQ EI%S&)DIS ? eé’r‘?%?}l“&‘éem%@eﬁ@q eWF@ﬁH .
browser soft such as but not limted to Mcrosoft 15 Internet

Expl orer 6T§:EC ald’l’l&Bg toinitiate the followi ng steps that woul d.

generally be required to connect to the renmpte server using a standard

chj ent - server dheHfolerdngiisean exinnge af radeidsg 48 0Aemetswelh puge iindthe. CABV for ,
ess to the Internet over a CATV network, through an Internet Service

Provi der emn%Binieft 6F fe @rés@ntrﬁ%éﬂt%ﬁeastsﬁgwﬁ ‘fﬂ FRM 994 TkdiBith the service of the
http://ww. dl bl'i mted. conf about DL
10 present invention over their CATV prowder s 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-ealoné codec 1800, as shown in FIG. 18,
or integrated into a device,
The PC uses Intémet browser software, such as, but not limited to Microsoft
15 Internet Explorer 6.0, in order to initiate the following steps that would. generally bé
required to connect to the remote server using a standafd client-server architecture, usingaa
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:
| http://Www.dlblimited.com/aboutDLB.'_htm
20 & The browser breaks thé 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: (aboutDLE htm)

¢ ThePC’s communication software creates a data packet using TCP/IP stack protocol
_ . -

CATV

L)

S

[

-




20 g The browser breaks the Uniform Resource Locator. (URL) into 3 parts: g

The communi gcat.i tocol to be used: Hyper Text Transfer Proto (Hb s

g The serve‘&sﬁg%gé%?be accessed: (www. dl blinmited.con) gPEHESH Bled(?E.

file: (aboutDLB.htm The PC s conmmunication software creates a data packet

using TCP/I P stack protocol 52 WO 2003/094461 PCT/US2003/01381 0/ 2 0 0 6

The PC s ¢ ni ion software encapsul ates the TCP/|IP data packet in

Poi nt-to Pg %ﬁ@{so“'@{ﬂm‘tﬂw&%} SQﬁW‘Fﬁ epeapgates then TCRAR dlata paskietr i Fadmt-tohe

assi gnnent and_ nanagenment of |P addresses, asynchronous and bit-oriented

(start/stop) EejucRroinseliPPRncelgehuliatanoestablishedostangardt foe ofhe naskighpb@X kgt

["i nk configuration, link quality testing, 5 error detection, and option

negoti ati on fnemagetadn @ﬁ@hﬂ&bﬁ#e@%sﬁﬁhﬂﬁbﬁ@@faﬂ/ﬁb@rmﬁdﬁﬁ-ﬁﬁénted‘gﬁﬁkf ?B{lson and
e

dat a- conpressi on negotiation. ? The PC sends the TCP/IP data pac

encapsul at ed 4 : 4.0 ho in .Fl 18, which is, a

fUl T duplex Sacap gg%qnn o8 Bbiot P el i &%ﬁig}’g&%i quality festngs i on
over tw sted _tel ephgone irs, 10 g.The PC can be transmt TCP/IP data
packet & over -cgorpﬁﬁ?cglpp,t g‘%o‘?P%tWS%“PB' fomaich sapabilities 79 network Hagen afldress| G
18, including but not |imted to | ocal and external buses such as

Per i pheral CB¢goiaten anddataravonession pedtiptiolddvanced TCA, -1 ndustry Standard
Architecture (1SA), Ethernet, Infiniband, Universal Serial Bus (USB),

serial or ¢gpalhd P€lsends @RI OIVIPdteha%et enBpdelaR@iPPRIF cddRE lﬁﬂﬁjt‘%ﬁg?o%‘g]%. as

shown in FIG 18 maybe stand 15 alone or integrated into and evice. 4
The codec 1861 B85 vl iNeaf ver the byte.information .

gg?t ained in the 'dat gﬂwgsagkgjfﬂ &ﬁgégflf‘ﬁgé}d% (gr\?gr f%ﬁaég{pgequompdﬂggalt he

puf ses in a. nner that i.s _c?eg’})lati blLe with the CATV provider's coaxi al

cabl e, and SBPFHFHQR QVeLfrasipd klepnepenaits | ses over the CATV provider's

network as a_PN coded noise-like signals.
10 ¢ 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 Standard
Architecture (ISA), Ethernet, Infiniband, Universal Serial Bus (USB), serial or parallel,
802.11 wireless, Bluetopth, ete. The codec 1800, as shown in FIG. 18 may-be stand
15 alone or integrated into another device,

3 The codec 1800, as shown in FIG. 18, converts the byte informétion contained in the
- data packet into-ﬁmé delays for pulses, modulates the pulses in a manner ﬁat 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 mulﬁpléxer 1700 that converts the PN c;)ded noise-
like signals containing data resnlting from typical Internet usagé back into bytes, the
- | bytes into individual bits, then modulates and signals thé bits onto the packet network
for r'outing to a user’s ISP. Typical Intemet usage data includes, but is not limited tor

domain name resolutions on Domain Name Servers (DNS), transmission of browser
53 o




20 The Head End office 510 houses a nultiplexer 1700 that converts the PN
coded noi se- like signals containing data resulting fromtypical goptigrmefos
usage back MQWIHWMEI. the bytes into individual bits, thewsemeuimies and
signals the bits onto the packet network for routing to a user's |SP.

Typi cal Internet usage data includes, but is not limted to donmain nane
-resol utions on mai n Nane Servers (DNS), transm ssion of browser 53

09/ 10/ 2006 W& SrasnyEion FClicuSRONGINER HifBretiok ke brawserpe aad 9&sieh,
client environnent information |ike browser-type and version, HITP

requests suchHI9Prgqtes@andclpastget QREFRET QRsatiofis %@%ﬁﬁiﬁs I yests,
Post- O fice Protocol (POP3) E-mail req‘is}je%sts, etc. T ’eT%h-r{%ge Sst:é,gﬂ)s? <
reversed at .tO&GEA MR Of i 0,when requests such as 5 HITP,

FTP, Tel net,. POPS are fﬁfmgjagﬁdﬁ‘reg%’p“nded with data packet(s)

containing, t uested infornmation in a variety of formats including,

but not Ii i t@% f’rgg?sf|1§§?vef%e@r%gﬁ%%%éiea¢£ad MEER 330 [veliey raguesstsHiTivh )as

G aphi c Inte}achan e Format (G F), Joint Photographic Experts G oup

(JPEQ) ,” Aner i Wéf@ad“mﬁ,@ﬁgs fuerfulfiifedramd tréspondetinyitt ditapaeket@Cantdining 29

Il mege File Format (TIFF), Portable Docunent Format (PDF), 10 Mdtion

Pi ctures Expéhd regnestal {nfbation WPaGrakicAUSH forha Shicl -%/Ft;%)p WRREN o F1Ge . The
Head End office's 510 nul tipl exer 170§uconverts %ﬁ%lﬁ ataﬂggzzlglg{exg?/%%g’i nto

time del ays sh@msp vally t it i.gnal pul ses over the CATV
_provider's rﬁtw?@?ﬁ%’@%ﬁé@cﬁ%&m@@%& ﬁ‘ﬁ@&?ﬁng‘ij pEmat (B )page
requester. T ester.' s, coder, dempdul ates the pul ses, converts pulses to
byt es and 1E&§u§€t’gﬁ%ﬁfl? 35’{8?"@%@9‘@ HBEG) rAvaercag StandarbCpde By Infodmbtitri ng -
them over the network or. bus as descri bed above. t The PC s browser ¢
processes t hBtqienge GSCE), dag bnsgstRletHoemadBIRR GRorfable, DobusRhESor@a: (P, PC s
nonitor. The PC browser nmay invoke a plurality of "plugins" to provide

addi tilBnal  fMotion Bivaires BxpeacGiop AVPBGIMABEA AhgRhser S(EYS) Wadly M. For

exanpl e,

¢ The Head End office’s 510 multiplexer 1700 converis the data packet bytes into time
delays for pulses, and .seriélly transmits signal pulses over the CATV provider’s
network as pseudo-random coded noise to the original web page réquester.

¢ The requester’s codec d;amodulates the pulseé, converts pulses to bytes and

15 subsequently bits, to be féljwarded 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 refrieve a single web

page, or transmit other types of digital data at high speeds, such as, but not limited to,
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20 Adobe Acrobat to display PDF files or Wndows Media Player for NPEG and
MP3 files and streams. This entire process may be repeated severg

in order toVPP0AS1 3 single web page, or transmit. ot H&T/WS}%@I-‘@S d| gi taﬁ
data at hi gh speeds, such as, but not limted to, 54 WD 2003/094461

PCT/ US2003/ 013818 voi ce, mus| c, video, software, conmmunicate with an
Application Service Provider (ASP) vi deo conferencing, etc. FIG 6

i || ustratedo%k @H%%d?lﬁ%’msoﬁfm@,wﬂmlmtﬂmth%mppbcatms(&bmw Priogides (68R), dat a
bus for-use in an autonobile for exanple. The inventors have tested the

t ransm ssi sileandnfefsnciagepd.i on of the present invention's pul sed signals
ogver the netallic portions of a pick-up truck. The data bus network may

operat e a i nol PG QY bl oo BRURGuE Bl S se  TEH 5B

upstreams of present invention's pu ses € pu ses ase
éncoded, a ar, or t.he noi ange of the data bus network, which
may be 10&%}%15“ egEV’Bi E?:lgo Q}’%éﬂ?f exﬁﬁ‘aféd I‘g‘fe&?)ﬁ vByestddhe transmssiqthand t he

present_inventjon. The data bus network as illustrated in FIG 6 is

conpri sed BFeRigRob ihe Pre9Rpb iy entipn’ scpyised signalstoyethe andialbic f@dionswbf £ pickapa

gui ded nmedi a. These conponents include a naster data. bus nodul e 600 which
control vatrickus el ectronic control- nodul es which are well known in the
art, including, but not limted to, eng'l ne control nodule 610, HVAC contr ol

s,. 15 nodul e §dldatd b@NSHEE R ul e ~and suspensi on contr ol
nmodul e 613. In addition, naster g%l%?é}a% gu(%r ag@%&gﬁﬁgﬁ%rgé)wﬁ 8?3‘58
sensors c to the dat a etvvotk vig data bus 670, including a
Tt i - sengjé?v%g&%gq S AT HPStrEgTS EIWF&P@V%‘F@O?P ul Bhe Bulsescase highy wamhes t he
a bus net wor k 01I one of each type of sensor nodule is shown for
clarity, b8t sa5odedapnd greqneet, or imtheinelsegangerf the d80 b netwok, orhich muay bent
nodel ég 20 vehi cI e. Also connected to.the data bus network is a
nul t i 16edirennirgmaics, trxdbo ;G0 dwhitraffic by means other than the present invention.
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 vatious 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. In
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 on_é 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 inckiding, but not limited to a GPS feed 660, audio feed 661, game

feed 662, and video feed 663, which are dlstnbuted 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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manages various feeds including, but not linited to a GPS feed 660, audio
feed 661, game feed 662, and video feed 663, which are distribut®ditgdRos

game unit 6w02eemdiwiunit 641, GPS unit 642, and a vi degrpRkdiedd3sisl @ t he
data bus 670. 55 09/10/2006 WO 2003/094461 PCT/US2003/ 013818 The naster

dat a bus nodul e 600, engine control nodule 610, HVAC control nodule 611,
transm ssion control nodule 612, suspension control nodule 613, nulti-

sensor nodul e 62Rs nfiske ! dtaS BEkS RlodMRISH0S cRARe cBANE B ’ COcdtfilof 641,
GPS unit 642, video unit 643, and multi -rre%iica controqlfgﬂ%g?‘gpecc}eﬁgﬂ&i pped

with the p te115 4 .1 on' ransm r and receivers as, shown i.n FIG

15 and 16 TRara Ghs slRERbE Rotlret 1RORET 61 mibabt il Mefiscotidrifre .
conductor. Data b 70 can be a conductor such as a power wire, a

shi el ded ﬁ“ﬁﬂ#ﬂ?‘ﬁﬁ%é viliede scaser madie 630, gams Uiis@ Onpudip sng0o®HlakiPS unit

mul ti-media controller 650 are the nultiplexing ) and sw tching conponents -,
of the dat@#2pusdavetmiordd3, hod Ahuldsmatii \cehtyollet 650dat seduigped elvith rike Gtsche
operated as an Ethernet. The data bus network is protocol agnostic and use -

any pr @t oGabentisuhasittebild rBQiverd dsThdweic 1 .ﬁ?&q'fﬁ.e' ligent Transportation
System Data Bus (1TSDB), and M L- STD- 1553 or mlitary vehicles, aircraft,

m ssiles, rock Carreyl : dditi.on, these protocpls .c be, encapsu] ated in
- the LDL prot oc?ﬁ%géscﬁrzeﬁgaﬁ)l“ﬂl ﬁsﬁgoﬁf’%@gf?fs’ @Hﬁ’@?ﬁ E‘?) .Smalg GPPId%Fﬁoraﬁf”@ %‘éﬁi ve
enbodi nent__of data bus network in an autonobile, the sensors could be
power ed u;§7§§&f5&%9 ClPRFHCh aF # BejvRr TaLE, & Alieldyd osunshiclded wirepatesi ve Radi o }
Frequency ldentification (RFID) technol ogy, and connected to a data bus 670
which ‘i s the mbdasteridetajmsd nodide 600 and etwlti-hedial coatrolttr 30 tdhe theadiiiplekige, -
en%l ne, etc. In this enbodi nent, expensive wiring for power and signali n’g.)

coul d_be pedlsiwiRshingYor@oBitat BEldzt2Buldrpguoh a data bus network in an
684, |

autonobile or other véhicle is illustrated in FIG 6, one skilled in the

art wgl recogm%&a&%’tﬁlea&a% JuS hetpor k Seép%%a asaag%!tﬁe%gétj on such as a

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 network in an automobile, the sensors

} could be powered up by wireless radio frequency energy, similar to passive Radio : '}'

- Frequency Identification (RFID) technology, and connected o 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 i 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

-




SCADA (Supervisory Control and Data Acquisition) application, such as, but

limted to raoller Are Network Bus (CAN). In these enbodi mentgy e Apf@
bus 670 cou\vggﬁé}mg%‘{g?m 2003/ 094461 PCT/ US2003/ 0f 381811 IRCTHUER0E3/0 Bqu/e

gui ded medi uns such as, but not |limted to, structural steel in a building,

or the drill stemin a drilling rig application, etc. LIGHTWAVES DATA LI NK
(LDL) PROT 5 .The present invention is transport protocol agnostic. The
syst em may b&° 5854?‘?5]8?18@5 £ 78 bt pgilapmitest t?e“dmé‘g‘fﬂé sleplrin etbailding erribepdnili

protocols. Standardized network and transport protocols include, but are
not |i nit edteign agkillingveg applieafinnatonous Transport Mbde (ATM), Synchronous
Optical Network (SONET), |P-based protocols such as File Transfer
Protocols (FTP), Transm ssion Control Protocol (TCP), Hyper-text Transport
10 Protocol (HTTP), Internetwork Packet Exchange (1PX), Mtion Picture

Expert G o WAED _ ' and System Network Architecture
(SNA) . Li gﬁ{ﬂm%?/es Da%@@?‘%%ﬁ@%ﬁé%n etary data packet architecture
desi gnejd for e in the present invention's preferred enbodi ment on

t el ephone twi st € Bi&ieR ﬁg%?@mwﬂm@mlmgﬁﬁéoﬁh dpstemauaythe i npact of

hi gh bandw dt h/user becom ng avail able. The LDL 15 protocol has been

desi gned te9nfEured &1 usp standadiatl @ proprivtdre traesptye giotolss SiridattezedRERRk
invention including, but not limted to, CATV, LAN, and Data Bus.

Addi t i onalangl trahdplort peetubels HEBS Bkt 2 hbt lﬁﬁﬁrto,sﬁtﬁ%‘ﬂg%%gﬁﬂmﬁﬁ??gﬂgﬁ?pt ary

data transport systenms and nethods. LDL Is base ucen e Data

Li nk Pr ot oged. S{@@ S itled i PPP over . Si nple_Data Link
g’;};}ng SONET/ SGES& W T ﬁi %l fd i | E%E = ai %ﬁ%@%& sz%t)gﬂ’-gqugmcgé cWBptkigeol data
urlts ( PD??Z}IF esigccp azﬁ)@&%})e&net Pr ot ocol ]‘(EIIH_PE , Intenetwork Packet Exchange
(1PX), et draqsfF Frotaco » 1 E30SESI08 (nErekRrotoceh/(dHP).diyper-thxt Aranspors ni ssi on
syst enb LDL uses sone of the same constructs provided in SDL. The LDL
f 1 amedl ar Erotpgol (RTFRY, InfernetworkeRacket@Exchange JRXY, MetiavPictate 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 Protoco! (SDL)-and TETF’s RFC
| 2823 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
chket Exchange (IPX), etc. for transport using the present invention’s daia transmission
sygtem. LDL uses some of the same constructs provided in SDL. The LDL frames are

- illustrated in Charts 6 through 9 below.
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WO 2003/ 094461 09/ 10/ 2006 PCT/US2003/013818 HART6 L |IDLE FRAME L Header
[20cte L Payl oad Data Length Payload Length CRC ts 2 octe ts CHARR o//ddd6
LI NK LAYER SQORMNBIERI FRAVE LDL Header LDL Private Area Lpbr/Aiesslolsbls

Payl oad LDL Priority, Stream Private & Payl oad Payload Length CRC Type,

Broadcast Count CRC 16 Data Stream|ID Length 2 octets 2 octets 3 octets 1
Octet 2 octets F r. C; _Xx=; Yt . 58 WD 2003/094461 PCT/ US2003/0138151 0

12 0 0 6 -[CEHRRY 6 DL OPERATI ON AND MEASUREMENTS MESSACE FRAVE TDLC Header
LDL Privat gLBALBILEPR Aeck LDL Payl oad LDL Priority, StreamPrivate & -
Payl oad LDIL Header

{ LDL Payload Data Length Payload Length CRC
2 octets 2 octets
CHART7 N
| 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 1D :
B Lgngth ' _
) 2 octets 2 octets 3 octets 1 Octet 2 octets
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Payl oad Length CRC Type, Broadcast, Count CRC 16 Data Stream I D Length 2
octets 2 o] gts | Cctet 2 octets CHART9 LDL PDU TRANSP

Header %@?Q/ﬂg{‘)gﬁ rea LDL Payl oad LDL Check LDL Payl FEdYRA03(8 :Bﬂ\/@(ﬂ_
Stream LDL Payl oad Private & Payload Length Type, Count Data Area Payl oad
CRC Data CRC Broadcast, 32 Length StreamID 2 octets 2 octet 3 octets |
Cctet <= 65,535 4 oct ets octets The LDL header contains two fields and
V\k]en used ‘té:n""kn" £ Nt thafrgmﬂdnllm_mr 'Fnr IN_

1 IUII\:I._l U'I_I_ULQ T
frame trar }

requi res a conpl ete LDL Header containing the LDL
Payl oad D4fdli GRERATIGIN)/ BREEE%S/NE@SAC&MMEQC fields. Thel{LDL

Payl oad DIl Beaich cont ai ns hBLiﬁ’ﬁnﬁemeaf oct et s cont|giDIeGhswkt hi n the LDL

-3
o]

Payl oad DALBIAr ea. Isyiokal ue dwmhsﬁgig[et Beel DL ['HAGE & PAle (T30 As
an

gxanpl es: 1hs e ( | oad Ar@- re ‘not
transmtt Pgltfathus a Dﬁm%e rﬁt" aﬁpso ndt 'ggﬁ%{red. 'y tlﬁe LDL Heagler is

transmtt as, a grjoup of f% octets} Link Laygr Scranble (PDL{i= I):
- The LDL P PUMU arda—i-snpot tiransmitted Asl. a resultl an 1D Check field

of 2 octe 2 OFlstEt aj < qoe chedidsentstpf the LOL1Osteprivatid odtetsa, 59 09/ 19/ 2006

CHART‘ 9

LDL PDU TRANSPORT FRAME ' .

DL Header - LDL Private Area | LDL Payload | LDL Check

: LDL Payload | LDL Priority, Stream | LDL Payload | Private &

:}) Payload  [Length | Type, Count Data Area Payload CRC
L Data CRC Broadcast, 32

Length Stream ID - ,

2 octets 2 octet 3 octets 1Octet |<=65,535 4 octets

_octets

The LDL header contains two fields and when nsed 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 LDL Payload Data Length contains the number of octets contained within the
LDi. Payload Data Areg. Its value dictates the type of LDL frame transmitted. As
j cxamples:
. 10 £ Idle (PDL = 0): LDL Private and Payload Areas are not transxhitted, thus a LDI,
check is also not required. Only the LDL Header is tranémitted as a group of |
foﬁr NULL octets.
E_,“ 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 LDL

15 ~ Private Area.
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WO 2003/ 094461 PCT/ US2003/ 013818 Operati ons and Measurenent (OAM Message
Frames (PDL = 2 or 3): The LDL Private area of 4 octets contai ngyd3AM dajes
The LDL PayWoemozmes1i s not transmitted. As a result, apckik2ehesks el d
of 2 octets contains the checksum of the LDL Private Area. 5 Protocol Data
Unit (PDU) Transport Franme (4 < PDL <- 65;535): This LDL frame is used for
encapsul ating raw PDUs for transport between nultiple LDL devices. The LDL
Private and PayltoaOpersteas and Plehsupdnssit (@&ldl)@[&ésa%@?réf@s (PﬁE&E%oP%fl‘%ns a 4
e

octet CRC cal culated over the LDL Private and Payl oad = areas.

‘Payl oad Length -l - 16 .0r calc t f the LDL-

Payl oad Length g?%[g]?gégét?%e%ﬁgé %%%S ﬁ%%%sagﬁgaéalih%#hi éﬁ%f?agﬂ?aﬁr’? ate

Area consists of 4 octet ivided into 3 octets described in Chart 9 for

the LDL frame pri rpitted, 85 £ gkt a3l Check figldiah2 eqppts comteins theshipaksmn Wt h
the exception of an LDL Idle Frane, every LDL Frane requires a LDL Private -.
area consi sting DbthefLI#. Bovast Ardan | engt h. The LDL Payl oad Area contains

‘the encapsul ated PDUs to be transmitted between nultiple LDL devices. Wen

an LDL §rane copt @i, ' aﬁ?{,ﬁ = . a

m ni num of 4 'tg@a rrd;[g?(?ru%%gq‘]ﬂ6 ,D@gﬁoc et.g%%%@ﬁacqé %@?&Ir‘\%gg%y Check
(CRC) 16 and 32 bit. is. an.al gorithm base 0, he u 20 of I m al
arithmetic that a?é?lﬁﬁss“sgd%ﬁ%“ m@fﬁﬁ&% ’?’ﬁ%ﬁl}s@ﬂ%ﬁ’ﬁ'ﬂ@m m‘%ﬁ%iﬁiﬂg t he

LDL Private and Payload Data ‘Areas (if used) by a divisor representing a

pol ynoni al . It caf¥igsscdbe LafPrivaipiasd Bareadarsasareteansmittedanditenbh of the
payl oad in conbination with the . ~ .,; LDL private area is not an issue..
(I;& idle frames dGhevktconmittsaidoctet CRC @iluhididicovet the 191, PREatCR Piyédad i S )
dependent on the type of the LDL frame used. 60 WD 2003/094461 09/ 10/ 2006 -

arcas.

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 iype, broadcast type and stream ID. With the
cgcepﬁon of an LDL Idle Frame, every LDL Frame requires a LDL Private area consisting ?

15 of6octetsin lengthd‘ ' :
) The LDL Payload Area cpntai;]s the encapsulated PDUs to be transmitted between T

multiple LDL devices. When an LDI, 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 polynonﬁal artthmetic 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 gize'of the

CRC field is dependent on the type of the LDL frame used.
. 60




PCT/ US2003/ 013818 An LDL session begins with the hunting and

synchroni zatj ' ss. FIG 7 is a flowchart of the process. ddlypctffes
are recei v:‘gbﬁ[}?s@%ﬁ?oct et buffer or other nmenory and stRETAGI0BAEISINg

mechani smthat is subsequently processed by the LDL decoder. The hunt
begins at the 5 beginning of the octet buffer and conpares CRC- 16 val ue of
the current octet d value of the next octet. If there is no match, then
the current oct L& spssiombegans veithithe huntive gnd aichippization motase FiGx7 it et i n
the buffer. f_If there is a natch between these two values, then it is
known wi t hilewghaphoftbgpreessf  probability that a valid LDL | ength octet has
been found. Using the assunption this is the 10 actual length, a

cal cul at i on | S DI boe(Eash iofeifef B2t BT OF BbbiMolfey s SBEEL obeBln T ame” s

l.ength and CRC-16 value octets, 1n order to pertformthe conparison-again

for the s ' toy L1 f the co ri 15 al,so . successful, then it is
‘assuned s;&ﬁ?:%rg%ﬁgztg tilgﬂﬁs & @éﬂwﬁ%ﬁﬁ’gﬁ%ﬁ%ﬁeﬁoﬂ@ I@Eh‘?’iﬁ&jﬂéfﬂr am is
Pri or 3rt has not ?i[&{ hat _sonme transm ssion methods encounter difficulty in
15 tr ansmiPBIEREE et Snderand compares CREd 6t vabigl of iecaront] ogtet andavaliieast a
result nethods of scranbling data have been devel oped. Scranbling data to

be transpdhe ekt ociet Ifitheretinie natchpihee s esrétioceR discyrded afithé fdcdss om bi nary
value "1" to "0" and vice-versa in any given streamof data. Scranbling is

acconpl i shashebio hOUBtioBRt Bahebgtdeans with scranbling patterns to produce
data patterns that contain enough shifting to reduce transm ssion 20

probl ens. Due ‘ t he physical trapsport of  the present

i'nyent i on, the?cem%rrggs %@&&Q%Fﬂ?? ?g’ﬁseﬁtg%’(y U %WP‘S?(B{’W@%W& %@F‘“&ﬁ’gl i ng

wi-t hi n LDL ihnb.ﬁre arati,ﬁn for the transm ssion of data over. Network PDU

frames dePiOREHEL vagifl el ength netaidng beandgund. t Psing ihprssumption thisis ther t ed

bet ween devi ces capable of using the LDL protocol. Charts 10 through 13 61
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
hgs been achieved for the LDL frame stream.
Prior art has noted that some transmissioﬁ methods | encounter difficulty in
15  transmitting lengthy successions of identical data values, and as a result méthods éf
j scrambling data have beeﬁ developed. Scrambliﬁg data to be transported over a network
- increases the density of shifts from binary value “1” to “0” and viée—vérsa in any given
stream of data. Scrambling is accomplished by coupling daia streams with scrambling
pattems to produce data patterns that contain enough shifting to reduce transmission
20  problems. Due to the nature of the physical transport of the- presént invention, ﬂiere may be
a limited need, if any, to implement scrambling within L.DL in preparation for the
T transmission of data over . |
Net_wérk PDU frames define network elements encapsﬂated within LDI, and

tanqurted between devices capable of using the LDL protocol. Charts 10 through 13
61 '




09/ 10/ 2006 WO 2003/ 094461 PCT/ US2003/ 013818 define PDU frane outli nes for

Net work PDU types, such as, but not limted to, Ethernet and MPEfg
can be contwighgehidspi N the LDL Data area for transport. 8‘7@5%;0;79138@HERNET
802.3 Preanble Start Dest. Source Length/ Type MAC Pad Frafe rane C MAC

Delimter Address Address Data Sequence 7 octets | octet 6
1.5K The Ethernet 802.3 m nimum frane

S iome} oo ¢

Client Check
octets 6 octets 2 octets 4 octets

oot 2o TR SO T BATIID i 53,5 e

be noted Ethernet standar

delimter rre I ETHE ET VI RTUAL LOCAL AREA
'NETVORK (V! Wﬁﬁ%&i H%‘Pl%gt‘"aﬂ‘ﬂﬂ%@% ]%ﬁa YJEnporhg Length MA Pa
Frane e Frame—MAC MAC Q Tan Contr / C.d Check DeI imt Addres Addres Type
ol Info TypkCHARINIGequent er s s t e Data 7 octets | octet 6 6 2 2 D|<= 4
octets octBTEEBMNER802Sctets octets octets 1.5K The m' ni mum Et her net "
Virtual LocPdearbled Sdek Wor Kk Diesfl AN)[ Riifeead %H;q‘ OgLElS; —amdit he
“maxi mum frlame si ze Fré?éLSZ‘ D%géetC. s skgﬁ{] alyéé 1ent0t g%dtfgg;ﬁ%ne 10
referencesf to Ienchj}kgﬁ{e _h [ net erl:(s)t I ncl ude | anbl ¢ GF%t art
fI'aITE d6| | I II_\I\I o Sequence

'7 oc?ets octet [ 6octets | 6 octets | 2 octets ' 4 octets

1.5K ‘

The Ethernet 802.3 minimum frame size is 64 octets, and the maximum frame size

j 5 is 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) 802.3ac

Preambl | Start Dest. |Source [802.1 | Tag |Length|MA |Pa | Frame

e Fral.ne‘ MAC IMAC |QTag |Contr |/ C d | Check

Delimit | Addres | Addres | Type |olIufo | Type | Clien Sequenc
er s s 1t e
Data
Toctets |loctet |6 6 2 2 2 <= ‘4 octets
' octets | 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. Tt should also be noted that some )
10 references to length for Ethernet do not iﬁclude the preamble or start frame delimiter.

CHART 12 -

Gigabit Ethernet 802.3z

Preambl | Start Dest. | Source | Length/Typ { MAC [Pa | Frame | Extensio
e | Frame [MAC |[MAC |e Clien {d |Check |n

Delimite | Addres | Addres t Sequenc
T 5 s Data €
Toctets | loctet |6 6 2 octets <= 4 octets
' octets | octets 1.5K

6




G gabit Ethernet 802.3z Preanbl Start Dest. Source Length/ Typ MAC Pa Frane

Extensio e MAC e Cien d Check n Delimte Addres Addrges,/ig/2006
- Sequenc r s g’%a[i?(}g%e%? 7 octets | octet 6 6 2 octets <= 4PGHUE0E3/0138Bet s

octets 1.5K 62 WD 2003/094461 PCT/US2003/010 81810 / 2 0 0 6 The frame
size for Ggabit Ethernet 802.3z remains the sane Ethernet 802.3 with the

exception that e.lenagth . from.t Destination MAC Address field through
the Extension #‘é#ﬁmFgmﬁf% g?hﬁ{ﬁ%?mgtlsﬁzééf@%m f e thermptRP2c with

defines the structure for an MPEG Transport PDU. CHART 13 MPEG Transport
PDU Header thedxrepdign that the lengtiefrem¢hd Bestinetiet MAChaddtess fisldzthrough the t he future,
the LDL protocol is designed to be flexible enough to handl e Et hernet

Junbo franEstehdion fitldvea miimin 0B Sioéeisof 9, 000 octets. Since LDL is built
ypon the constructs of SDL, an LDL frame can be switched to a SONET

network inits ‘Phhrfc'ﬁﬁ\ﬁdng% HF&M ) _ | fications to the LDL
frame. 10. However, the ag}%ﬁae na&/ﬂ%r%&%%e:ﬁgg&%ﬁ?ﬁamwgg’b "0 pl acenent
onto a sov%-}-rr»mr«. Hre—enecapsulation—of-an-Ethernet network PDU into
LDL i nvol es o ni pulation of the original Ethernet network PDU wi tih the
except i on (MBEGTHienspee Rl e, start frame delimter, pad and frame chdck

sequence wiHdaderot be transported. BecaudePaylaey W I |1 not be carried 1 the

LDL payl ogck=4 s Wi | | be reconstructed [ad dghRiddl nElT sl €7 arrrvimgvi a
t he 5 -

In the ﬁlture, the LDL protocol is designed to be flexible enough to handie Ethernet
:)} Jumbo frames that have a maximum Size of 9,000 octets.
Sincé LDL is built upon the constructs of SDL, an LDL frame can be switched io a
SONET network in its current format, with little or no modifications to the LDL frame,
10 Howev'er, the payload may require scrambling prior to placement onto a SONET network.
The encapsulation of an Ethernet network PDU into IDL involves no manipulation
of the ongmal 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 recoﬁstructed on the far-end after arriving via the
j 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 Ethernet 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

. 63




15 transport. FIG 8 illustrates the encapsul ati on of Ethernet Network PDU
in an LDL packet. FIG 9 illustrates a flowhart of LDL packets heing/2006
t ransport edvoveys/osspet wor k of the - present invention. %ﬁ%ﬁ 1§)etwork
PDU switching table is required on the nmultiplexer ina 2 one
central office, or CATV head end, or a device acting as a di rector for the
transport of an Ethernet network PDU to the correct device. \WWen a device

or Ser Vi CopbsBRNNY 400D A0 AR HISAAIEALAB paRicals Si oned

MAC or network protocol specific address will be assigned to particul ar

LDL strea twork.P |ng _
froma nem\/\%]lf:')ﬁtré: C@er@@lﬁe@”“@&l&sﬁ%ﬁ t %%&Egﬁr%@[)gﬂ T &bric to . ‘
a Custoner, Prem se E ui pnrent (CPE) device, 5 The Ethernet netvvork PDU

Addr ess t dRiersenRect eny qrﬁ%th@o @mp%@bnn@acwgm%?rpweﬁéwme@a to

create a LDL frane. In addition, the network PDU is encapsulated into the «.
LDL frame (€PEpdevidei ch the LDL frame is subsequently routed to the

appropriate device. In the case of Ethernet, the CO device will maintain a
pool of MAC ad%@ﬁﬁﬁﬁmﬁ ﬁ?et}vorl@FﬁUg&Hér&@EBEEL @EE&:H%M'T%SE doBtaths a&%et o be
detailed later. 10 FIG 10 is a fl owchart Il'lTustrating Ethern t wor k

PDUs to dey t chi The capsul n of, an MP Transpo (TS)
network P ot n?'fugylm eﬂ&’o‘fre Lﬁﬁ” ﬁ%ﬂ? &Ffﬂlﬁ’ ﬂé‘f netyygr i%g}wﬁﬁg@gdz

The transport of the MPEG 2 PDU while not exactly identical as the

Et her net Bytthed Rl frame giierodiich the L& e Bipmeissubssatestly remsed ot ppremigts nt o LDL
and transport on the LDL transport simlarly to FIG 10 above. 15 FIG 11
sy an il | dsticeatln tie cafe efiEthERes; the TS) BBliteemitlansntiataasbol of MAC Ridrgmeket . -
Un% ke the Ethernet transport requirenents, the MPEG encapsul ation into L'DL)

0C C UssfitAinil 8 OPE iicdsBh o iARSABE dG@A& laRe LDL transport core system

will
will receive

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

The encapsulation of an MPEG-2 Transport (T'S) 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 TS PDU encapsulated in an LDL packet.

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

| 20 & Reduce scope nf LDL transport core to transport focus activity

& Move application and service control to application components to outside the
LDL transport
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MPEG 2 TS packets already encapsul ated into LDL. The primary purpose for
this design is to: 20 Reduce scope of LDL transport core to transpart/2006
focus acti WPPHKIM6hppl.i cation and service control to #ACIIUS2605/003818
conponents to outside the LDL transport 64 WD 2003/094461 0 9/ 10/ 20 0 6
PCTI US2003/ 013818 IG 12 is a flow chart illustrating of a stem confi gured
to deliver vi deﬁdjgds yia streans to an end user. The first conponent is
the system t hat & fdow ehartiliugirtingpEa systom easdigtuod ta dediverided foedslsit
frames over the transport. The second is the Ethernet system that

i || ustrat esiraaine to amersimisessi Ghe Hifst ddn@hatts he bk B RetWe e i TrEo
Hetwork inter 5 connect and the client connected to the CPE device. The

third conp@iedt for$rahdifs e | i Laon used to

J(or oadcast MPEG 2 transﬁ@%’%ﬁéﬁgﬁgﬁﬁa@gﬁ g@‘i@%@ﬁ%gﬁ@ F%l%glegsé’tg efDOp box
STB) | oc f e E devic It iS. i t to note that the system
i's foc'use?iﬁ]%(r:he1 orfﬁe%]g}%ﬁ ?SWS‘PPaﬁEBEPFtW@%‘ﬁ@)%@ﬁ%&?ﬁ%ﬁﬂm@r | ogi ¢
for virTgeo feed iﬂgﬁgm ion and other val ue-added features such as 10

on- dengnd SPPEREH e gligit sonnscigd éntha EFEisigviap p The tiidnongppstnt asthe MPEG-
inter-connected to the framework via a high-speed interconnect such as
SONET or Giagrabiideotirdegicast hpplBaimusedid brofRag DRG0 tﬂaﬁ%ﬁ‘@(ﬁ@?ﬁﬁ:ﬁbﬁoﬁ%ﬁ ket s

L i

created within the video application easily since s derived from SDL,

whi ch has meewtbwseﬂob‘*%ﬁfm)gg%aftéﬂeo%ﬁﬁgl@%ﬁﬁé\ﬂc SONET networks. 15 The

STB or other video application & enabl ed to send nessages back

to the video via L Lch wll, then be forwarded back to the CO
g‘gged vi deo hegﬁmﬁgﬂﬁa rﬁ%ﬁ%ﬁﬁ%@@w %‘?%efié’ﬁ?c{c’ﬂ’l‘i“’élﬂy RB &pageHailecan be
dehe as SONET as well. Each connection between the CPE and CO will have at
| east one™i¥id PR gl fogicfonmides Eeil aclentivoand otier valwe-added fqatmes soch ay
configuration. |If the transport is supplying video .

0 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 easﬂy since
LDL is derived from SDL, which has been originally created for use within SONET
networks. | l:
15 The STB or other video application device will be enabied to send messages back fo

the video system via LDL which will then be forwarded back to the CO based video head-

end and its management system. This interconnéct 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 ipto that particular configuration. If the transport lis supplying video
: 20 for more than one Yideo device at the CPE location, thén there are several different. -
configurations possi}ﬂe: |
All video MPEG frames are multipleied onto one stream. This configuration is
llustrated in FIG. 12T In this configuration, if four video feeds are requiréd at the CPE

side, then all four video feeds will be assigned to the one stream assigned for MPEG/video
s _ . _




20 for nore than one video device at the CPE | ocation, then there are
several different configurations possible: Al video MPEG framesydf€y /2006
mul ti pl exedwadoos/@agsistream This configuration is il u§¥1&"%§%&f@%sa G 12.
In this configuration, if four video feeds are required at the si de,
then all four video feeds will be assigned to the one stream assigned for
MPEG vi-deo 65 09/ 10/ 2006 WO 2003/ 094461 PCTI US2003/ 013818 feeds and the
singl e feedesk an@tHeisplohxRed MR feﬁ%ﬁ@%ﬁfﬁs@{éﬁ%&@%@ﬁ% Jhanes

and sent to the CPE video application, tor exanple an

configurati, i | e ere e video lcation or STB is used for
nmanagi ng aIaP&]\S}% (taootB? ?gggﬁg%qp%?wg’ofnﬁﬁ@@@%mr 8 sQquiignEion e r
i ndi vidual stream .In this configuration, 5 if four video feeds are
required aPriiFa oxe; g Viden appligation e ¥ TR/ isasesl for vunagingalbsidegfeeds.t heir  own
stream Once the CPE device receives the franme for a particular stream it -,
will extract tAH VidBGIPEGfmniesara dsBmeditbis@ihidal gtfeaﬁlhqn@ﬂ?caﬂﬂggﬁﬁon
application, for exanple a STB, that is inter-connected to the device
assi gnesl t if folratiddededd : -Thi ' tion s preferable

o RN T i i S IR PR ool £ o

where a video application

MPEG streag, hl | hpothe art .having the benefit of this disclosure
will realize %fﬁs 'lﬁ)dééﬁegge @P’BF‘SB&“CF%Y%‘FEG 'i‘iﬂ%f%ar?a#@ﬁbﬁgtrmmm eFtragtet hods
and systetr}gl R&E(%he stori n]g of data and information. This can include

met hods su&h framg fiemok D japd send igoithe €PE wideo dpplivhtine for exampleta ST

dat abases, indexed-based databases, CD, nagnetic storage, optical storage,
15, di st ri Whatdsiintrrtcenzectbddatirhizsies assigabd tombigAr bl MPEG daliahgges, RAM ROM |
reverberating data storage, cache, and | ocal or renote storage systens. l.n/
addi ti on tcbefiglab@nG ' . 1O i.n di ng _but not
limted to b%lgar Y, @glg%ﬁ?ﬁlé%%%ﬁgh @o@gygﬁ%gﬁgg%g%é%l{% féﬁﬁg v“#/‘IQEG 2,
MP3, gxt gand,. G ta can be organi zed or not organi zed and can be
stored in some form at abase

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,‘ eache, and local or remote storage systems. H
In addition the data can be represented in many formats including but not limited to

binary, ASCI, 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
66




20 including ones such as but not limted to Oracle, Sybase, Mcrosoft SQ,
MySQL, Velaocis, Ingres, Postgres, Chaotic Databases, and proprie@f /2006
non- publ i ¢ Y9294 Mehet hods and systems. In addition, oreI/esacdd/esBiEn /t?he
art will also note that "informati on exchange" refers to the transfer of
I nformati on over a variety of possible transports between one or nore 66
WO 2003/ 094461 09/ 10/ 2006 PCT/US2003/013818 entities. Transports for
"i nf or mat i SHERc hERgRertsip Tinfgemationexehangeldnclideybuteue tat limited!to warelific or
Wi rel ess net.gllor ks including fiber, SONET, Ethernet, G gabit Ethernet, CDVA,
Ul t r a- W dewirgleBametiworlks gmRalivth, fientSOMET, R XGRARAEHEMS:, GDNIA ﬂlﬂ%{% ;
Kdvanced TCA, Periperal. Conponent |nterconnect (PCI),t’etc. e nﬁhd&
i nf or mat | Bandg MdpaBaRl, iftahs R byt L ACH Hfenent protocol s
Jﬁgcl udi ng but Ir?f)f{g Iiﬂ%ted to IE’- gase%’p%?%(%‘?é@%ﬁbﬁ" F?P‘%@stems

twork Arghi NA). P TR, 1 PX/ SPX, Netbui, Novell, etc.
" | nf or mat i%ﬂh @%h%%é o%P%% ﬁ%@sﬂm Eﬁ%e iuosmatiopiexshapge T wanspers canyisslude r ecor ds,
files and O”r‘]fﬁ% forms of electronically encoded data. The entities within
t he defini rent preigeela inchWingbuhnetdistitadre IRtbiesed bexmiolss TCRAP, IPL0 conpri se
the preferred enbodi nent, sub-systens or sub-elenents of an el enent(s)
within thﬁé’stpmei\btwmﬂﬁawlimdﬁmmr;‘? FTRAGTTP, IPX/9PX, RRtvul, Wl didic! ude a

third-party system or sub- systen(s) of a third-party system "Information
exchange" al so“infigiisd6s o Foht ' ﬁ]l]'lrmg roduct s..such,  as,
but not limted to X M, s%d%%%glﬁ%%“ﬁgglé’% %%?‘fé%&%aﬁ?ma#srﬁﬁwﬁpuung,
DCE, 15 rore, . infqrmti on exchange" includes the use of
@vat e- p?%%ﬁog#g?gagﬁ%%%YF%@&%%rd formats and secure nethods,
r~Atl udi ng but »?ﬁt |jmted to encryption and secure socket |ayer (SSL). '

| ¢ entities within the definifion of “information exchange” include elements that ‘

10 comprise the preferred embodiment, sub-systems or sub-elements of an element(s) within
the preferred embodiment. In addition, an entity can inciude 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, Tcho, 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). i
“Information exchange™ also includes a push methodology where information is
pushed to one or more elements from one or more clements. Conversely, “informéﬁon
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 fér use in the present
invention’s preferred embodiment on telephone twisted pair networks, particularly

' cqnsidering the impact of high bandwidth/user becoming available. The manageﬁaent
| 67




"I nformati on exchange" al so includes a push nethodol ogy where information

is pushed to one or nore elenents fromone or nore el ements. Convgy S8 Maooes -
"i nformati o 203MegFhange” can include a nethodol ogy m%‘?}{%ﬁﬁﬁ‘?{g%@i on Is
pulled fromone or nore elenents to one or nore el enents. ment
system described as follows is designed for use in the present invention's
preferred enbodi nent on tel ephone twi sted pair networks, particularly

consi der i NgystAChds B aesgn [ A1, gg ahlabl e  The
managemnent %67 09/ 10/ 200 e%o%%éﬁfg%@egﬁﬁﬁg%g %@ﬂhéﬁgef%% has been
designed tgo_bhe. easi, y. adaptahle to o enbodi nents of the present

i nvention f|?W8rl1 'Iﬂ?}?XLB%rEL“EB?ﬁ1”i’1Fﬁdtt€=né‘&ﬁ/ etworks. The services B
managemnent systr{‘ehrin 1400, as shown in Flhg 14, includes a plurality of '
servi ce appl i cat#€oiFEvieds manggamdné systeno M0nat shownah Fishd 4pinchmdesen jolorafitit &
applications, 5 software nodul es, conputer prograns including: billing and .

revenue apgptviesdpplicatiobhd 8t canHeel inibaniSion 0 cHPRIERIBHhpREIp RSk ASS 1404,
service and custoner provisioning applications 1405," marketing and sal es

suppor 5 appfieaihs LLY, EVk CE S lications 1 One
skilled in the artaggsh r 1]\t<|t>r ér é’ﬁ%‘?"%‘%@s@%ﬁ%@@%ﬁ%ﬂ %?Rp&ﬁ%lq}ﬁsﬁ%% t he
services 10 nagenent system 140Q can depend and integrate w th other
service aﬁﬁF@gﬁﬁpﬂa&ﬁ%P 1cgfions A4, a5THies e CHH@MAGEAVIFIgRInghe mar ket i ng
sal es and support 1406 needing to access custoner account information and
pr ocedur e &PelingtioRhiAS; matknidngadwiales seprdriapplictions, qpaliy ofseonicen@aSppl i cat i ons

1405 and billing and revenue applications 1403. In addition, the service
:ap)gl i cat i epdicatiyns BI§Uj re supportive el enents that reside on 15 other oy
elenents outside of the services managenent system 1400. These ot her )

el ements can pelifie in‘%gﬁﬁm % [8 ferred.enbodi nent such asl,'
but not limted tg, t%g{ﬂﬂﬁuﬁftgl pl exer %Se%ggg%@%ﬁa OHSW@H@?SWSI i ne
interi@ce devi ce godec 1%4%% as shO\c/lm in FIG . . .

marnagement system 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

j 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-mail services, unified

messaging, emergehcy broadcast and notification, ete.
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3 and FIG 4 OQher supportive elenments for service applications within the
services nt 20 system 130 can include third-party syste

dat abases t ﬁ%&zoé’fﬁé outside the preferred enbodi mnt.P@W%@%@Wﬁeosog
i nclude, but are not limted to video and audi o service providers, gam ng
provi ders, application service providers (ASP), e-nmail services, unified
nmessagi ng, energency broadcast and notification, etc. 68 W2003/ 094461

09/ 10/ 2006 Pﬁihﬁm@‘@ﬁe arghitesturp of the serviseemanagemens sysigre 18§ cannensigirafiaces
managenment system 130 can consist of a centralized, distributed or grid
conput i ng eenttelizedndisteibnted ncgridienaputingbiodaltnd vardihclatdea osmbin@tiod: gfogé 86Si Ng
devices s such as, but not linmted to mainfranes such as | BM 3090, |IBM

RS/ 6000, Rﬁ‘o&,prc\j&&éiﬁ%&évii&ﬁ‘ § s Gh, 18 nbl 1nitcath mafdBARRE such CTE%IO[ 399 ihgg

device can dictate the operating systemrequirenents and options.

operating ' Lhcl ude. .. but are limted to the many of the variants
of Uni x, el%)/gb&{;{z’g sl*lg’f(’%&ﬁ@ltilﬂQS gaiﬁﬁ{&unﬂ@?ﬂlﬂ?& nframe operating systens,
e.g. WS/TSO, M cLosoft. W ndows,  enbedded operating systens such as eCos,
VxWor k€, QNX arttichpraseming devige eanglietrisithe aneeating sysiem wqnirenentsud apiionsin
consist of centralized or distributed nedia 10 storage devices. These

nedi a devilhespeating ogtions inchidatsia art noaiméted © thé MEMKOES thy Sarbs FWHk, g di sk,
di skette and tape, optical storage systens, nedia storage arrays, cache and

menmory. TReGH:$ 1 ahR%8d IBYR, M'Mﬁ%ﬁ%&%@ SRten® o LEURISPTEE, l%ﬂl;??]soﬁ

processi ng devices and can be intercon to ohe-or nore o e

har dwar e | l;ocal ..bus such as SCSI, C | ni,band, networked
g’g@} such g)gi\ﬂlkl@%ge,&%%g%@ﬁ&ﬂ%ﬂsg%ﬂ%@@%ﬁéﬁ%&%‘h‘&(gg&a§‘d ?‘?g%‘{ﬁn as NFS
and TCP/IP.. The data for the service managenment system 130 conponents can
be stored in %ﬁ&&ﬂdmihﬁ@“ﬂa@rmtﬁt“@‘@ﬁcmDf‘tﬁ'@il‘@l}zeldioﬁdlﬁmbuéﬂjﬁrm@cb%sed,
etc., in nenory or in a database such as but not limted to Oacle,
Sybast) Mstorage déticesc Thss:, mddiSidviceDatminpladestamidrdamagnetic storage systems such

as disk, diskette 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 bﬁs such as SCSL,
'PCI, Infiniband, networked bus such as iSCSI, FiberChannel, communications protocols
1.5 such as NFS and TCP/IP.
Th-e 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, Sybése, Micrqsoft Access, MySQL, DataSpace and a
| chaotic database. |
20 In support of some of the service management system 1.400 and associated service
applications. Third-party application packages and cngines 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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chaotic database. 20 In support of sonme of the service managenent system
1400 and associ ated service applications. Third party applicati gy M

and engi neswoamshessenpl enented in full or part includi %T/ﬁ%ého.’{l\ﬁ%l%i mted
to Matrixsoft's eMatrix for expediting business processes, Andocs for
custoner care and billing, PeopleSoft, Siebel and At hene software products
for 69 09/10/2006 WD 2003/094461 PCTI US2003/ 013818 customer care and

- support- sygisefir caedn ' hd\8n.Ji ' | carts,
credit card processi ng&?%ﬂﬁ?%?&%g?&%gﬁi?@%@gk@g% b%% %S%gﬂée}%%gu tional
stem.1400 and associ at ed

f devel oped. f he. '
Sorvi ce. apg e AR bkl B G B PRo B/S8 K var | cnguages -

including 5 C, C++, PHP, ASP VbscriPt, Java, SQ., enbedded SQ., OBDC, COBOL
and can i ncl udeddditienal,saftware dayelopedToa Hhe serviqeieanaganest systaom §400andr f aces

provided by third-party products such as Custoner Interface 1409 into the -,

servi ce nmemsgBnEEndyesipplivatiéAOcante coeatediin @ pluralitp pf dofiRiatOREmRass iAcladingVi a a
plurality of methods including, but not limted to a web 10 browser, a PDA,

a tel ephong GAJPAPC ALY VAR, 1abA) SRS ichibOdted %gjri‘% %@?O(?ﬁp%g)n%L Sfd &L[f@célude

managenment sysfem 1400 requests ‘orf §i nati ng ts 1n

preferred Lent such.as a set-top box, or .nterpnet appliance, etc.

can be re&eﬁ%ﬁgyﬁc}ﬁseﬂéjwm ProgTaneure IeYig b‘»‘HT?“éT Q“’?;}EFS FIG 4.
" The billing. ,and revenue support system 1403 provi des support for the many

facets 15%Haspi|| i ng and revenue including, but not limted to billing,

rat es managenent, processing and rating of user usage records, the
papageert o Fustee nesec g apioeskogatndplansyunTam ode s, 200
1404 - El sopiehiforR cah 8&uP VR Ay SFRRHoTB Bciulling, but not limited to a web
10 browser, a PDA, a telephone and a cell phone. In addition, 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 ofbilling 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 commissions, taxes, etc.
Operation and Maintenance (OAM) 1404 - Elements of the preferted 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 fransaction, memory usage, processor usage, user access

information, database transaction, input/output transactions (bus, disk, network, card), disk
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of the present invention will collect and maintain information related to
providing insight 20 to the perfornmance and operational aspects

preferred SNB3UBARH6I Exanpl es of performance and operatli(tlms:ﬂ!d'mftﬁ:ﬂ?u/;l:f/zoos
include, but are not limted to statistics for transactions, network
transacti on, nenory usage, processor usage, user access information,

dat abase transaction, input/output transactions (bus, disk, network, card),
“di sk 70 Obma¢irgscachyirapGRENa) ddtiRGIgd BA0ON G/LABHKE Hetwork dctdugns, cache
transactions, network usage, network overflow, network re-routes, network

bl ockage amiwsﬁrbld)akegéﬁﬁd%éfvi&tih@ﬂﬁpﬁo%'v' i nformation may be stored via nmeans
tutlined above under "data storage"” either on the devices where the. OAM

i ndi cators are @BRf} : or. they c be hed tq, a "data
,gt orage" el ement w %ﬁr%q?ﬁﬂe]gﬁg% %?%%e%ﬁ?ﬁéﬁ?ﬂg?v%ﬂmg“ 1? &?ﬁ? ﬁff”ﬁﬁ'?t y

stem Likew se M i nformati on may be exchanged as outlined above under.
t %e defi neflr?lf”b‘?‘fl the %WFW&WESQW é‘l‘iﬁ‘ﬁ'@f@s argimaitere @pd sellsgtedor theysaehent

system 1400 applications such as quality of service application 1407. In
addi ti 8n, -Foshaddan “date Naerage” eléMeitrithimt iprafersesl embollinned opbwy thivdnshesy t he
definition of "information exchange” with third- party, systens wthin a
Net wor k Opgsterh ons Center (NOC) such as but not limted to an HP QpenVi ew
or other network nonitoring and operational systens. Service Provisioning
Application 14 far QB AV [ S1ODi | i,catians. 1405 are . responsible
for the provi s{igﬁmsg’g?“‘gg’rf%\é‘@“%%%@ FﬁB“@P%#%W&&ﬂ% i ment. \en
a 15 user;, W.shes.tl.0. add, delete or change services such as |nternet and
video ser 9?%%@09% infopyy o cxehanee eith otbgrsemineqnansgement systeamn dAdhg
applications 1405 are largely responsible for the nmanaging the change
request anERhigalions snehras quelity off servise appdicationrid6% elnt duditiine OAM egh exehipeéi ment .
For exanple, if a user wishes to add Internet service, the service

provi B} oninfigmation as outlined above under the definition of “information exchange” with third-

party systetus 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 a
15  user wishes to add, delete or change services such as Internet and video services the service
: j management system’s 1400 provisioning applications 1405 are largely responsible for the
| managing the change request aﬁlong the many components that compose the preferred
embodimel_lt. | |
For example, if a user wishes to add Internet sérvice, 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 prbvisioning applications 1405 wiﬁ send a
request to end-user’s interface device 361 as shown in FIG. 3 and 4, instructiﬁg itto

_ ‘allocate_resomces and perform procedures that enable Internet services. There could be
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20 applications 1405 will issue a request to the Miultiplexer 1700 to

all ocate resources and perform other operations that enable the gg9/10/2006

transm ssi opoQbosl9isef net servi ces between an end- user aP@'r/ﬁ%oﬂlﬂBﬁ'énet- In

addition, the service provisioning applications 1405 will send a Trequest

to end-user's interface device 361 as shown in FIG 3 and 4, instructing it

to allocate resources and perform procedures that enabl e |nternet

servi ces. ThH&#iens QeHudst . ; : PCT1 US2003/ 013818
e Do MOREIEY B Riont AR M b ol o any

additional requests fromthe servi ning a

one or nor fernr embodi nen onponents for al]ocating resources and

per f or m ng%geefﬁq%cegﬂbogﬁ%%t F%p%ﬁg%fg{pﬂ@ggmgﬁe%)W% ?‘Bilri?e HEIGSERYICE e .
provi si oni ng :i\,ppl icati on 1405 may respond to requests and 5 issue requests
to any of FPADIBE REOCEdB?Syi ce nanagenent applications in the support of

provi sioning services. In sone cases, the provisioning of services for a ",

user could requimalditienpthe e@vica ptatAérinNaatRArIDS fad RaBbid e %ﬁk@%ﬁ& to
third-party systens and services that access the preferred enbodi nent -

i ncl udimg,ismgm@g,gts b B ] . servl ces and. 10
t el ephony servi ce. . Ilg%éﬂyte(gghrr%)%?ﬂ %ﬁﬂ%eflﬁgggmv%ﬂs}%g@&? Ecl)ongs u]%gl&erﬁu%o & a
parti cul ar rgyﬁio . Streamng service that is provided and access is
control | e y a is‘?mcﬁ%[rty service provider, then the service -
provisioning application 1405 would request the third-party service
provider to bedPgome gs5gs, g propisioningudf acrvivasfoc 2 usareauhd requifeeessarcsi ce
managenent system 1400, or the 15 nmulti plexer 1700 on behal f of the user

v;/g) r equestlecatioh@nd service enabShgtdqabdtyto third-Paty SisteHR Gha 8Srvices BRChobds fusi © B

stf eam subscription service, then the Servicé Provisioning application

1405 woul gréreist tﬁnﬁcﬁlﬂ&ﬁ%&lﬁlﬁ% Bul ﬁﬁtrlﬂ?ﬁbgrt(t) YidR§ ge\ré%scn ?ntg%fs‘é’,hq%& %@ny met hod

of communi cating instructions Detween manag
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.. L : | *

) - 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 manageinent 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

' 1 405 may send additional requess to the other systems shown in FIG. 14,
2 |




20 and the third-party service providers. A request for the Service

Provi si oni rwog%‘%@g%ﬁ% may originate fromany of the int erconr@sﬁﬁ/zoos

conponents 10 agement system 1400. Upon recei pt ofCHUSREIN
provi si oning request, the Service Provisioning System 1405 may send
addi tional requests to the other systens shown in FIG 14. 72 WO

2003/ 094461 PCT. 2003/ 0 1810 / 6. Marketjng and Sal es Support 1406
- Marketing and eggg%%%?st&‘ﬁ’ﬁ%%é&pﬁﬂé@?w da&%&ﬁ%@ﬂﬂ% appkicRgenent
system 1400,.is responsi ble for the collection and processing of

informati ofil the seryicp mapagentcatisysiometOR it iespynsible ferthe sollectivry sridsprofessinganpl e,
usage information regarding the services provided by the present invention

can be anainfoedtiomal ¥ istulatedyo ﬁfa_rléeﬂn%axﬁﬁﬁk_@ﬂ:ﬂﬁii Tofl 8k Bhpl, MBagd IRFOBARMAT | LY
Qf services and other user netrics for tailoring the preferted

enbodi nent ., ' ' , 1.Ce: ) c...l.n addition,
he Nar ket R e e AL Zra o e RS e R O Ry R il i ¢
third-party syst includin ut ngt limted to Athene's i CRM sujte, APT
ChunTMEancREETRER T BytPiRsns fhe PRSI OF Sayiee g ot wior Befics dorriieing the
profitability of products and chum of 10 custoner services. These

t hi r d- par tRrefetred epbodimontisyservise offerings usro séreica pedkagést éict he servi ce
managenent system 1400 and may include the use of sharing or exchangi ng of

data cont ai nednwddition) thie Maketicdddeales Sapsir P16 cofipsfent kiA§ iMdMideqhd @@ and
Sal es Support 1406 system may include the use of web site” statistics and

| 0ggi ng Utgrlhitd. Io! Didhn b s ) 1§P‘d 1o ze,Lhe use
g}; 15 web- enabﬁ%’% 'gr %ﬂ%@tcs aﬁg) %g%‘%t\;ﬁ:l{eegq%%ﬂ}eﬁgp;g ésﬁt%dé‘@gh‘éflne?ﬂf
Qrality of vVi-ce. 7 - Quali of .Service gpplication 1407 is
r esponsi bmﬁ&ﬁﬂ'ﬁ[& %&WP@%@& fsdo defgroypsprolitabilip AEPRoduahs and Ghupef
preferred enbodi ment to provide quality of service to the users of the
pr ef el? ed Cesieraer sspiges. Dogse tirdpartyrsystemsmiap bymey nofiercardetasdwith thel udi ng but
not limted to user service |evel agreenents (SLAs), quality of 20 service
-required bavicpaadagineansyseer M00Rfd Riaf icHRid RS uss WP MarRg o ¥xdhhsgiRs 6f &4 ed
contained within the preferred embodiment.
Also, the Marketing and Sales Support 1406 system may include the use of web site
1
statistics and logging utilities 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, includiﬁg 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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odinment, the quality of service application 1407 is |largely responsible
?(r)ﬂr) t he mana ingq t he éual ity of service oriented requests anmong ddel oIVO6
conponent s W%é@mé{l?mii se the present invention. 73 09/ 1PC2OBH03MEB18
2003/ 094461 PCT/ US2003/013818 If the Quality of Service application 1407
determnes the need to adjust the |evel of resources and/or the _
performance on behal f of user(s) of the preferred enbodiment, the quality
of service appl Hdkg Quality aDFerwick bppliestien 510 detcaninesths néad bhdjusafielloveihr
el ements, service applications and third-party systens. 5 | n%;didl t |n;)n, i f
ol mont 5. Servl o manas Gl o b () P PR A hncihat

el enents, service managenent system applica I rd rty systens «, |

[ | r M Yy.pf service, . then the,quality of service
bl | cati onpinpo AR dpRadBH it kB et EGinelstt o cbpstisec _
el ements, ser.vice.applicajions and/third- party systens. 10 Web Enabl ed “e
Pr oducts,'a??am%"ewpg ng Agspthirdperty; sysianesus| y not ed, t here are several access
nmet hods into the preferred enbodi nent of the present invention. Anpong those
|i steddare web-Ipaddition,df eneceranara dppatimhs atdng bed oraficre by fieGabfeedccessed by a
browser -enabl ed device such as, but not limted to a corrpu]Eer or pIErsonglr

 ai tal . . : , : .
Coftvar o Sonn AR P oSS g P A Pl
Net scape' s v | ing .t he applications in e or in part,
usef O]E) t?\déé%ge er?ggygowﬁfr@%?ﬁéﬁ%“gﬁﬁl?%%g ‘Bﬂséﬁ'f‘%e @P?_?W@?ééﬂ/! ceI L

t . tepl s 1400 applications, VWb enabling an application inpli
{rﬁ n? g? Egnd‘éﬂ S%B% © IIE Fe%lﬁ?rﬁ)pp riBniequisedplements, servica ppplicationsomdithizd-t he use
of/ a browser. 20 Exanpl es of web-enabled application segnments within the . J
pref er r edPaibBEiemsnt i ncl ude, but are not linited to accessing and
nodi fyi ng user account and billing : :

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 1o 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-enabling the applications in whole or in part, a user of the preferred

embodﬁnent can access seg_meﬁts of the service management system’s 1400 applications.
- 'Web enabling an application iniplies that the user can control components segments an

application via the use of a browser.

20 - Examples of web-enabled application seémmts within the pfefcrred, embodiment

inelude, 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, efc.
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i nformation, accessing custoner care and hel p applications such as on-line
' t, inst ing and help web pages, subscription services /Suwete s
(r:gguésti ngavgﬁzgér@%zﬁgndg mul ti-nedia feed and the orderiffgl/¥ePFHEISand
products, etc. 74 WO 2003/ 094461 PCT/US2003/0 0 818 0/ 2 0 0 6 FIG 15 |§t
a bl ock diagram of a transm }(tg_r accord:c ng ﬁce)cce)irlse(rangggg;rgir\;go:ot (r)ura]epresen
' ' =S I | agram of a I .

embodi meni o | e-lsﬁ%ﬁﬁfﬁﬁﬁmﬁaﬁanW@wawgmg@eae@nbodu@@régo@ﬁ:e of the
present invention consists of the follow ng functi on_al i tenms includi Ing u
not | i nit eBFePR EXARIQRFAE bhis adjack dingrol offperecdivarascadidg Wdﬁne_ulau se
generation, pulse train generation, signal processing including filtering
and cor r el aftthopresqnéirsventson) The @tistatdr 8l reSEHdr VRER: ﬂf@é_&ﬁﬂﬁ’dﬁﬂi&;n%&&ists of
gonfiguration, feature control, Ethernet COI’H;I gg\rMat l:(r)“n g\r/]el (r)glrjr;ainngan

real -tinme NG caRaP . . _

capabi | it itgg. The transm titt%ali}g%ﬁgdlpiggl%n\%gﬁ%cg%%Z%?jggﬁ?EﬁEﬁt?nsf)acrﬁ(rj?\r/]\gr e
and sof:t 10 components to create the abov tion | ,
but not | RERLEm 4 TaRaE ey R grpa o8, Tyeecah gepAtioRRdgYal pioRGaing |
Intellectyal Pr oglert_y cores, ASIC, processors, device drivers, digi }DI?AA

si gnal pr decduding Slteniiprasy copvlation pulse FincleviizationOuewape fiapdpemeht dads . .
real time operating systems (RTOS), debug ports, M crokernel, memory I(RA
ROM  Fl aslepniifusition, featues sontrl) @RmR0tonfiitaBoAT RIS AA R mgfe%.ﬁ%gpts o anal og

converters, 15 analog to digital converters, phased-Ioc cl ocks

and ot her gsg rcgpﬂlﬁfe%,rinﬁq{em&f .%gféga%dr lﬁ&fg&l;ﬁ&@%@housi ng one skilled

im}t he art woul d recognize as require O ?nponer:s :g;gra
transmitter ang, receiver. FIG. 17 is a bloc | agram of a nultip .
Mul ti pl exer 1735“’&%“385 RIgpd regpive f Frnguetobobhardisare apdeaftwangy dat a f eeds

A, B, and C onto a conmon transm ssion 20 medi um connected to |I/0O ports A
B, ant CofPTRIaRENts i ereats figmboe fuctionali dicluding) bkt M dihtited tJ:HRldvul t i pl exer
1%00 i's capabl e of tinme division, code, and/or frequency division
~mul ti pl exprogrammable 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 more incoming data feeds A, B, andrC onto a comimon transimission
20  medium connected to I/O ports A, B, and C on line cards 1704, 1704, 1704>, an& 17047,
- The multiplexer 1700 is capable of time division, code, and/or frequency division
niultiplexing. |
Multipiexer 1700 is comprised of a control plane subsystem 17Q1, data plal;le

subsystem 1702, trunk card 1703 (only one is shown for clarity), and line cards 1 704,
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Mul ti pl exer 1700 is conprised of a control plane subsystem 1701, data pl ane
subsystem 1702, trunk card 1703 (only one is shown for clarity), @dd/dfes
cards 1704’W0é§]38'%4%§7)/ 2006 WD 2003/094461 PCT/ US2003/013818 1704' . 1704",
1704"" . Line Cards 1704,1704,', 1704", 1704 are conpri EeHUSHOOEIEni ¢t er
1500 and receiver 1600 as shown in FIG 15 and 16. FIG 18 illustrates the
basi ¢ conponents of line interface device 361. The line interface device

361 is conpiyss £ Lanscejvar [ d h 5 mtter 5

1500 and. rE0JpR LB SaBE RS 17U B0 E et bl RE T o s,
1802, a port for _connected to signal wire 1807, an optional processor 1810
and opt i orfEansies 1 y00 giyecevier d69) #ahowr rklbe dSaadiee s transceiver handles
the transm ssion and receipt of data signals between a user's device, such
as, but not |i MAIGetB lmstrate¥Ghe basic compohents ofine infenfate dadvivar3p]. Thelline

mul ti pl exer 1700 as shown in FIG 17, FIG 3, 4, and 5 via transm ssion .-

medi um 18Qterfddd dEVRE3BI m&&m&%m&%w Swlﬁplifﬁto%}dpﬁﬁecﬂdﬁﬁﬁﬂsrﬁﬁﬂk um such
as, but not limted to, tel'ephone tw sted pair, coaxial cable, CAT-5

eer connden e e ool @G sty e B ton Bl [ PpER™

set-top box, or honme networking router, to a port on the |line inteyrface
devi ce 36forgopneciadiosians wire 180 7hanontipnalgmocessor i and eptionalmasmerydaddr ecei ve

data froma renote source. The ports for transm ssion nedium 1802 may
i ncl ude, [t line mterifce kievicd’e thatsoeiner HARHd]dsIthe sraksrhiesion addypbeaipief detai signeld pai r,
an RJ-45 jack for an Ethernet connection, |EEE 1394 Fire Wre connecti on,

USB, RS- 28iwean Pt sAle1c8] suck b Bht RPlilnfed &f £PCRR1FPBYx! AcShosheda),haqused

as’a wireless integration point for systems such as, but not limted to, . J

f

Bl uet oot h 02.11 20,802:.1 : i d nd, etc. .only,.on rt for
transm ss Pgﬁnpﬁ?‘cﬁ &?901%*0%‘0?"2 %ﬁm 7’%{&3 %C%i\faﬁnlﬁgs‘fla Hari\srqlﬁéo%]q%&gﬁpﬁl@g ?T ace
devi ce ma)f be configured with any conbi natign of additional ., ports as
requi #@d. Transmission medium 1801 is a metallic guided medium such as, but not hmlf:ed to,

telephone twisted pair, coaxial éable, CAT-5 cable, power line, etc, but excludes fiber optic

and wireless mediums.

A user connects a device (not shown) such as, but not limited to a PC, set—tdp 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 )
tvﬁsted pair, an RJ-45 jack for an Ethernet cOnnection; IEEE 1394 Fire Wire connection,
| USB, RS-232, a PCMCIA slot, fiber optic, etc. The PCMCIA slot can be us‘ed asa
wireless integration point for systems such as, but no£ limited to, Blu'etodth, 802.11a,

20 802.11b, ulira wideband, etc. Only one port for transmission medinm 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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© 76 R 09/10/2006 WD 2003/094461 PCT/ US2003/ 013818 A general description of
the present invention, a description of a |aboratory prototype, @s/W\§/2066
a preferredVOrX8dW%et ., and al ternative enbodi ments and pepesleyabsist he
present invention has been set forth above. Those skilled in the art to

whi ch the present invention pertains will recognize and be able to

practice additional variations in the 5 nethods and systens descri bed which
fall wthin theAtgensrhldssiptibn ofihe piesanéinvertion, a dessupiéinaflajabosatbrysuch

nodi fications and additions are deened to be within the scope of the

i nvent i on,%qugia, asdwilPasiEprbfefitd @eboathott indtahernaliwi eibodRpen@adspRisedfo. 77 |
7-8 9 Cctober 2006 Clains: 1. A nethod of data transnmi ssion, conpri si ng:

representi g dal g s, %;E&Ig eGP oA, ThobAaatn R aﬁ@ﬁ?ﬁc@@%‘@ﬁgﬁor m

sendi ng the east one Se over an electrically co

fedi a; receiving the at_|east one pul.se over the . electrically conductive
gui ded medpyentiop Penuias PHrerepBIZg P60t Fhierioprestioe fdteRal vHRtigny dbes o
receiving the at | east one pulse over the electrically conductive guided
medi a; Swhenehedstand spttethedestrited eviynhl fslb withimife tachinghofithig inyenttone based

transm ssion .across the electrically conductive guided nedia. 2. The

met hod of Adcaidingly,wieseh MolifiGatRhe hdddditRRE 8%eREmEDicdRvHiINte 468G of the
representing data by nodifying a tine domain signature associated with each

of the a%&e‘ﬁﬁﬁ%ggﬂ&ﬁ%ﬁ?}im%d%ﬁfb%%r&%gfapﬁén%&rh&e%her ein the at |east

one pul seinc a plura

}}
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pul ses and vari abl e spaces between the pul ses are used to represent data.
4. The nmethod of claim1l wherein variable pul se characteristics of the at
| east one pulse are used to represent data. 5. The nmethod of claiml
wherein the guided nedia is selected fromthe set conprising a coaxi al
cable, a telephone twisted pair, a category 5 cable, a power |Iline, and a
metallic body. 6. The nethod of claim;} further conprisi ng sendi ng a
wave- based transm ssion over the guided nedia. 7. The ne EEPPE72%8F ai m 1
wherein t&fs. step of recovering the data fromthe at | east one pulse
i ncl udes elver | ng the data fromthe at | east one pul se at |east
partially based on a tinme domain signature of the at |east one pul se. 8.
The net hog of ' . ri.sing selecting characteristics of the
Gaussi an Jivj\'/ave ’%h"%ﬁﬂwgg"fﬁ%‘éé@%ﬁagﬁ. aIchsr/'pB%'%%d on the guided nedium --------
-------- - - 7 represéiding deta LBDQ Gt Bastiine putsethaseddn & Caussiah wdverrerm t he step of
representing el %qj J g@%ﬁ i e based on
timng of thed%ba_lpgg{s\etéf%%t pul s%sl'.erl%‘@r Q{Ilﬁgétﬁée%ﬂ%o okﬁ%lggjlmﬁﬁ Ié_rei n mis an
integer of at rreidng the at least onemulsh oderdhe elactdcally sprdvicta avidedaurdini si ng:
creating a pl Yeabelig ffo G 76 tRESEROorb (LS e ol B Tt 4P ol Ses
having a tinme domain si Pna_ture and a w deband frequenc omal n si gnat ure;
sendi ng the plRwsglqvesthe plegiralysopdustivegridedpedizical |y conducting gui ded
medi a si mult apREds line W [BsSERApHS WBINEG -d2AE BGtidg" 2Wa0E L&D FainRtsiéf1e gui ded
media. 12.  The nethod of claim 1l wherein the guided nedia is a cable
line. 13. The a°EANE Yectiqally santyctivguised Medl. gui ded nedia is a tel ephone
line. 14. The nmethod of claim 11l further conprising receiving the plurality
of pul sesz_and TheeXJEnre %tdl Q ca?r%a1 avsv gr%;na heed s\{\épt r(1)ftrggre (lanutirngl Idatltg %Eluggsl Ses.
representing data by modifying a time domain signature associated with each of

the at least one pulse.

3. The method of claim 1 wherein the at least one pulse includes a plurality of
pulses and variable spaces between the pulses are used to represent data.

4. The method of claim 1 wherein variable pulse characteristics 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 & cable, a power
ling, 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 1 whei'ein 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 puise.

8. . The method of claim 1 further comprising selecting characteristics “of the

‘Gaussian wave form at I_east_ partially based on the guided medium.




15. A method of data transm ssion, conprising: representing data using at

| east one pul se of a duration between approxinmately 0.50025 ns to 2650 ns
and the at | east one pul se being based on a Gaussian wave form having
properties at |east partially determ ned by property of the electrically
conductive guided nedi a; sending the at | east one pul se over an

el ectrically conductive gui ded nedia; 7greceiving the at |east o ul se
over the electrically conductive guided nedia; recovering Cﬁgmg§9§ from
the at | east one pul se received over the conductive guided nedia by
applying correlation to determ ne | ocations associated wwth the at |east
one pul se9. 16.ThEhmethred bbdaiof 1 etharain 1He stbe pEreprdshetingl datd inclodés gppgmgluct i ve
gui ded nedi a i fr t IS i cable, a

t el ephone tw s%eraiga'??@'ﬁ%&égﬁge%%%%g O@é@@éfzﬁ%%\}\%ﬁ?ﬁ%%@eand a netallic
body. 8 0 9 October 2006 17. A nethod of data transm ssion for tel ephony
appl i catifgps, ﬁ%rﬂgét#uéd 5‘%"[1?9’5’%?&?“ iQ%n‘ﬂ-ﬂé&r \Sétel sfb | east one pul se based

on a Gaussl an wav orm t east one puls aving a pulse width
selected at | east partially based on radiation associated with a tel ephone

twisted pgir; SeRHAYE 48 trahsnhiSSST, cQHFrié%ﬂ:se over the tel ephone tw sted

pair; recovering the data fromthe at |east one pulse; sending wave-based
transm ssi ons PO £ RIS fvisRe b?%ﬁdsQ%GB'aﬁsfa”d’&ﬁYéti’Fmeth? Pyisespavindithe

sendi ng of thﬁiﬁddméigmel%ﬂh%Qvi@%%hdﬁ‘r@@én@i/G&hé!ﬁ%igh%ﬁi;ed pair. 18. The
net hod of claim 17 whereéin ea the at | east. one pul.se has a center

. h of ,
channel frequéfBYNSine BlUREH ogBH'lﬁ?S e RLleGIFalhy GoRdusting guided Mredian et hod

of data transn@mgiafsoRkesitheebliag WalevhsidarinkihReidns 6N diided medi€pr esent i ng
data using at |east one pul se based on a Gaussian wave form the at |east

one pul se having a pulse width selected at |east partially based on
12. The method of claim 11 wherein the guided media is a cable line.

13. The method of claim 11 wherein the guided media is a telephone line.

14, The method of claim 11 further comprising receiving the plurality of pulses and

extracting data associated with the plurality of pulses.

15. A method of data transmission, comprising:

representing data using at least one pulse of a duration between approximately
0.50025 ns fo 2650 ns and the at least one pulse being based on a Gaussian

- wave form having properties at least partially determined by property of the
electrically conductive guided media;

' sending the at least one pulse over an electrically conductive guided media;
receiving the at least one puise over the electrically conductive guided media;

- recovering the data from the at least one pulse received over the conductive

guided media by applying correlation to determine Iocatic_:ns associated with the

at least one 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 metailic body. . -




radi ation associated with a cable television line; sending the at |east one
pul se over the cable television line; recovering the data fromthe at

| east one pul se; sendi ng wave-based transm ssions over the cable television
line concurrently wth the sending of the at |east one pul se over the
cable television line. 20. The nethod of claim 19 wherein each of the at

| east one pul se has a center channel ghhrequency of betmeenég%&ut @go KHz
and about 2 GHz. 21. A method of data transnission over a® A ;

conpri sing, representi ata usin t least ane. pul se hased on a Gaussi an
wave for m%‘ seﬁmeﬁﬁ’gtoﬂggtﬁgrapﬁ'ﬁf?'o%ﬂ)é?%%ﬂh%yW@?Eﬁfoﬁ% GPIBs; recovering
t he dat a fromepesaitingelatt usimeatjedss ene poelne bagpdsepa Gatssial gaal forngvtee t he

N e

data bus. me erein I's "assocCi at ed
wi t h an aut onoefiigiéon asshigted wit 2 tde@neolieistedPd, 23. A system for data

communi cat! on. <@l Mstist &% Sietdvel fBlkhiRR gL parou! ded mmedium a

plurality of line Interface devices operatively conhected to the
el ectrical ly reesyaueg ihgdatpiraethernt agignegwtss: of the plurality of line

interface dEVis‘éﬁ§in§Wépéjb%é%géhsh{is%%moﬂ/éret;heft&épr}ohé%@Eé:dtsﬁgiirh%n&ﬂeﬂﬂysi ng at

| east one pul se baSed on a ussi an wave form e pul avi ng

char act eri st i c¥thdhe penging gf e atdgasyonforbsavigetiersiepionp visied pairt he

el ectrically conductive guided nmedi umand sending the at |east one pul se
over the, el EQII rical I%é)gonducti ve %ui ded nedi um recei ver for receiving

a
at |east Bhe 5GIRehedobglagn 14 whaieaieaph Rh e o IBRTL U RUie BASR CRMERI | y
conducti ve guicHieshel freglicndy oftbebi@He®Ho0f 30024 ridvdloyt BoWNg£t ed to the

receiver and the transmtter
19. A method of data transmission over cable television lines, comprising:

representing data using at least one pulse based on a Gaussian wave form, the
at least one pulse having a pulse width selected at least partially based on
radiation associated with a cable television line;

sending the at least one pulse over the cable television line;

recovering 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 cable television line.

20. The method of claim 19 wherein each of the at least one pulse has a center
channel 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 methad of claim 21 wherein the data bus is associated with an automotive

vehicle.




for representing data as the at | east one pulse and for recovering data
based on the at |east one received pulse, and a nenory operatively
connected to the processor. 24. An apparatus for data comruni cati on,
conprising: a transmtter operatively connected to an electrically
conductive guided nedia for transmtting data using at |east one pul se
based on a Gaussi an wave formand pr@perties of the electrjcall
conductive gui ded medi a and sendi ng t(k?g at |least one pul @@C&?Er%%e

el ectrica ctlve dium .a.receiver operatively connected to the

el ectri ca## %ﬁ@g Q/réja%c’g@g] VRl PBPTIN%cei vi ng t hrough t he

el ectricall y conalectticalle condudibe: gmmum@num east one pul se based on a

Gaussi an wavef gr S, v Gt e t i.yer and
£flkaily B I8 SRRl a0 Se s Shoro RN BBk g B EERAAT

the transmtter repreésen |ng for
recovering dat@nblaISIeelgoldecﬂ ediuax, | east one received pul se; and a nenory

operat i vel Y cuRchethd Buf B 86ES98fiace, Bl BBHOMHLE Hakuddagem oo on.

COprI’I Si ng. repr esentin usi n eas on an
ul t r a- wi debandranawiting datausing @t L@asts@ermhm@eseﬁ@neazﬁeussmwedmﬁm ned by

properties of gifg Hé&hﬂbe@hargﬁtghé;@% a?qgéﬂ,t%rﬁd] c%fterinﬁéﬁtbypg% By} B tRET 0SS a

gui ded nmedium receivin | east one rom th UI ded nmedi um
and 82 9 Cct otRigctringths condielbigequidrg madium zang Sef’é'ﬁgttm\féahlﬁa?rtéwﬂpulﬁﬁéwﬁul se sent

across the 9U'tﬁ@@Ieﬁ?ﬂéll&r@ona@ctlvgﬁﬁtdaﬁmwfa fdcaiv B P ré@@ﬁfn@'é? Iéa@?oﬁé ep of
representing data jincludes selecting pulse characteristics for the at

| east one pul S&ISEtPISEARN PLrAPPH YWaNelowd fiom e dpeiredlie sorduchs awe%ri with the

gui ded nmedi ummetilum, Th rovetdtd dperatidlptoRndbteWne Rl Feckiter shd BedramBdittdm i S
coaxi al cabl e .and the

for representlng data as the at least one pulse and for recovering data based on

the at feast one received pulse, and a memory operatively connected to the

processor,

24.  An apparatus for data communication, comprising:
a transmitter operatively connected to an electricaily conductive guided media for
transmitting data using at least one pulse based on a Gaussian wave form and
properties of the electrically conductive guided media and sending the at least
one pulse over the electrically conductive medium;
a receiver operatively connected to the electrically conductive guided media for
receiving through the electrically conductive guided media at least one pulse
based on a Gaussian waveform;
a processor operatively connected to the receiver and the fransmitier 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.

25. A method of data transmission, comprising:
| representing data using at least one pulse bhased on an ultra-wideband wave
form, the pulse having characteristics determined by properties of the guided
" medium;
sending the at least one pulse across a guided medium;

'receiving the at jeast one pulse from the guided medium; and _




pul se characteristics include a duration of approximately 0.5 nanoseconds
to 2650 nanoseconds. 28. The nethod of claim26 wherein the pul se
characteristics are at |east partially based on center channel frequency
property associated with the guided nedium 29. The nethod of claim25
wherein the guided mediumis coaxial cable. 30. The nmethod of clain127
wherein the coaxial cable is sinmultanggusly used for maveé% %
transm ssions and transni ssion of t he at Ieast one pul se 1004160066t hod of
|s si mul t ane used for .wave based

clai m 25 wherein the

t ransni ssi ons rgﬁ%lvef'P%ﬂ‘grﬂdg fr% f eﬁ'ét At JUsgSEn E?Féo%ﬁhes%u'deéiin 9B et hod of
claim 25 wherein the guided mediumis a tel ecommunications Iine. 33. The
roi sted g2 Ty g HO8bEe et AuhGbRTRTTHR o R Ring O b ubs SRBAFTS

t el ephone tw siust phdracteris@igs farhthemst kadt ohe qhulienuBlkasihparbally bdsedpooperti es
of the tel eph i naj tion of pulse energy in the

t el ephone tw gé}gpdér%gaﬁsgg%@% Kiyﬁh H&H@g nli(%ﬂ“nlqal m 34 wherein the properties
of the twisted pair include attenuation and capacitance. 83 9 Cctober 2006

37. The nze;thodrrféfmeiheuraf%g.m%rmhé?e.hhﬁe Rulgsg n‘?é?ﬂ{ﬁ‘%t Bl ke langide pul se

shape. 38. The nethod claim 26 wherein the | se characteristics

i ncl ude pul se Rﬂ'dﬁea@h%apfe”sé@ﬁ ingiyge r?eﬁiwaﬁprbpf @p@'pwmztselw\ﬂér@nﬁwq@ed%m se

char acteri sti cgsp pahotdeontidl se spacing. 40. The nethod of claim 26, wherein
the ultra-wi deband signals representative of data conprise a nultiplicity
of pul se position nodul ated signals. 41. The nethod of claim26, wherein

the ul traan detantetdb@oakBint 2pRRem 8id Ylls® thardabmsticd BRer 4t96ash partially pl i city

| ari I
of polarity ”%%léle (t)ne gen%er%hannel frequency property associated with the guided medium.

29. The method of claim 25 wherein the guided medium is coaxial cable.

30. The method of claim 27 wherein the coaxial cable is simultaneously used for

wave based transmissions and transmission of the at least one pulse.

31. The method of claim 25 wherein the guided medium is simultaneously used for

wave based transmissions and transmission of the at least one pulse.

32. The method of claim 25 wherein the guided medium is a telecommunications

line.

33. The method of claim 32 wherein the telecommunications line is a telephone
twisted pair.

34.  The method of claim 26 wherein the guided medium is a telephone twisted pair.

35. .The method of claim 34 wherein the properties of the telephone twisted pair
include radiation of pulse energy in the telephone twisted pair.

36. The method of claim 34 wherein the properties of the twisied pair include

- attenuation and capacitance.




42. The nethod of claim 26, wherein the ultra w deband signals
representative of data conprise a multiplicity of phase nodul ated signals.
43. The net hod of claim 26, wherein the ultra-w deband signals
representative of data conprise a multiplicity of pulse anplitude

nodul ated signals. 44. The nethod of claim 26, wherein the ultra-w deband
signals representative of data conprigge a multiplicity of signals
nodul at ed si nmul t aneously conmbining at |east two of the met & 9%t he set
conprising: pulse position, pulse anplitude, pulse polarity, pulse phase,
and pul se frequency. 45. The nethod of claim 26, wherein the ultra-w deband
si gnal s r&pr est ratthue olodlaimdétveheagin thequildeadhakhciatistias frickudd ppisk skapeat e -
frequency. 46. The nethod of claim 26, wherein the ultra-w deband signals
representative of data are nodul ated at a variable pul se rate frequency.
47. The n¥8.hodlhef methad of GBm 2etvédreedim thehmilsel chemetaiisiich anctlids ipglealdsration.
representative of data are nodul ated at a pseudo-random pul se rate
frequency. 8 4 9 Cctober 2006 48. The nethod of claim 26, wherein the

ul t ra- wi d&bandrhs rgethaps ofrdigineSaviiesain the rofse chianagtersties inslide avleel spacing. carri er
signal. 49. The nmethod of claim 26, wherein the ultra-w deband signals
representative of data co-exist with narrowband signals on the same guided
nmedi um 58 ThEenBethed obicladm Zonwpereiniier dirarwidebany sipealsirersemntative ghal s
representat i vejaef confisHsa aah RtighiBBCd palsk poSieHRSkuIRd sigms. met hod of claim 26,
wherein the ultra-w deband signals representative o data are transmtted
synchronously. 52. The nethod of claim 26, wherein the ultra-w deband

si gnal s rgipr esmrt iatihue obklaindl @sawaein hangm-iideBams yigedl spvekehiativ®df The
met hod of cl aim 26, mhereiQ.Hh@ﬁglt%a-mﬂ%ﬁp?nd_si nal is used to transmt
data sel ect ed ProRTHES §ratip el PeRI N UM E B ony data, hi gh- speed
dat a, '

42. The method of claim 26, wherein the ulira wideband signals representative of

data comprise a multiplicity of phase modulated signals.

43, The method of claim 26, wherein the ultra-wideband signals representative of
data comprise a muitiplicity of pulse amplitude modulated signals.

44,  The method of claim 26, wherein the ultra-wideband signals representative of
“data comprise a multiplicity of signals modulated simultaneously combining at
- least two of the methods of the set comprising: pulse position, pulse amplitude,

pulse polarity, pulse phase, and pulse frequency.

~45.  The method of claim 26, wherein the ultra-wideband signals representative of

data are modulated at a fixed pulse rate frequency.

46, - The method of claim 26, wherein the ultra-wideband signals representative of
. data are modula’_ced at a variable pulse rate frequency. '

47, The method of claim 26, wherein the ulira-wideband signals representative of
data are modulated at a pseudo-random pulse rate frequency.




digital video data, digital television data, Internet communication data
and audio data. 54. The nethod of claim 26, wherein the ultra-w deband
signal is unicast. 55. The nethod of claim 26, wherein the ultra-w deband
signal is nmulticast. 56. The nethod of claim 26, wherein the ultra-w deband
signal is transmtted on one frequency channel on a single nmedium 57. The
met hod of claim 26, wherein the ultraga deband signal is F?;c?nim t%} d on at

| east two frequency channel s on a singl e medi um 58. The L cl ai m 56

wherein t uI ban aI S sing a t of

mul i pl exiig sEiooTPlHE R R st Bl Buaigend Sefe Fruiebidr ot

di vi si on mul t|qata3anenquum®wha oam'assngnaire di vision nultiplexing, code
division nultiplexing, and frequency division nultiplexing. 8 9 Cctober
2006 59. The method of clains 56 wherein the ultra-w deband channel is of
the type 4%el eﬁwemeiﬂm@mftcmg?%m@emnmesmltrwidabam signgs espressintative lof

hal f - dupl ex, TN ; T, t hod of claimb57
&?e)gstw é‘ﬁ%‘&'ﬁ%'@#ﬁ éme g&ded RSl

wherein the ultra-w deban exe using a type of
mul tipl exing selected fromthe group consi stl ng of synchronous tine

di vi si on 501' t i Pﬂme.emeﬂﬂ;d &%ﬁﬁ%@mﬁe;ﬁ &ﬂ@em% wio%lbgﬁu %héié RLrEddnivE Qfi€
di vi'sion | ti E exi ng d frequency division nultiplexing. 61. The method

of clains 57 @Fﬁp?cﬂ'@”m'ﬁ%dw deband channel is of the type selected
fromthe gr oup consisting of a si rrpl ex channel, hal f-dupl ex channel,

channel full -duplex chan 62. A method of transmitting and
recei vi ngf’a1dat hFHP‘BtU@éhJ 5 claity B 8?1"'%@9%%(“’”@'%@'"1 ﬁ'ﬁ"t‘%%éeﬂf%ﬁ?ﬁﬁ“g? RY t he

steps of : prowdath arg trandreitiey syrichionoediyyor k;  conbi ning a plurality of
ultra-w deband signals representative of data with a -
52. . The method of claim 28, wherein the ultra-wideband signals representative of

data are transmitted asynchronously.

53. The method of claim 26, wherein the ultra-wideband signal is used to transmit
data selected from the group consisting of: telephony data, high-speed data,
digital video data, digital television data, Internet communication data and audio
data.

54.  The method of claim 26, wherein the ultra-wideband signal is unicast.
55.  The method of claim 26, wherein the ultra-wideband signal is multicast.

:86.  The method of claim 26, wherein the ultra-wideband signal is transmitted on one

frequency channel on a single medium.

57. The method of claim 26, wherein the ultra-wideband signal is transmitted on at

least two frequency channels on a single medium.

_58. The method of claim 56 wherein the ultra-wideband signal is multiplexed using a
- type of multiplexing selected from the group consisting of synchronous time
-division multiplexing, asynchronous time division muitlplexmg, code division

multzplexmg, and frequency division multiplexing.




tel evision network signal prior to a signal transm ssion; receiving a
conbi ned signal conprising the plurality of ultra-w deband signals
representative of data and the tel evision network signal; and separating
t he conbined signal into the plurality of ultra-w deband signals
representative of data and the network for television signal. 63. The

met hod of claim 62, wherein the televiggi on network is sel Zgﬁcﬁﬂg {1{?8 t he
group consisting of a fiber network, a non-fiber hard-wr f , and a

W rel ess t . T et h f claimp2. wherein the.tel evision
net wor k iggsmﬂéet @%ﬁﬁj ocr’q;e%{g‘rlﬁl 0 iwﬁsﬁmoﬁ‘eo'f’lgg'tw'q%@ggf CF egfs P#h E’g BPUp
consi sting of seldcdgefromdbavgrdup enaisting dbea simpiay, dhanmet dalfidopler, Ichasnetl a

W rel ess net vvogrh.f i@éuplél;b&aﬁﬁélh()d of claim®62, wherein the ultra-w deband

signal and the television. network si gnal use separate portions of an
el ectromagnetic radi ati on spectrum 8 6 9 COctober 2006 66. The method of

claimé62, Gmherﬁier\'nétHS? Bt &ikidy 8% SRQENdne LIgRalaRaRd %i@ﬁal%@hﬁl‘ﬁhl@kébihsﬁlggté(‘mk
signal use substantially common portions of an el &tromaghetic radiation .
spectrum 67. e oh@iuipiedin eelegied Gom tieegrevm commsting| af\ayseiapnavetioes k si gnal

|5 used to {1 apabl mlgiaiRe! K6hafalde i kiSRRI | B riisibe! ephony

data, high-speed data, digital video data, digital telévision data,

I nt ernet conmuRiERIexinh 2pdfraauanay divigiop muiplexindsg. A met hod of transmitting
and receiving data through a television network, conprising: conbining a
plurality,_of tra- 'ge band signals representative of data with a

tel evi si b net r’we%gf) rfglc%'fnﬁoﬁﬂ‘(" er§|”g§'§l uligg- W?h?%f"ﬁﬁ’f‘“?h?so?fgwettﬁ‘ée

tel evision nekewokel;raentd gebub@ngibtingadfi 4 ginplexudHanaelWhaledippadorgingaial s

representative of af, aafﬂlﬂdapng channel.

. B2 A method of transmitting and receiving data through a television network, the
method comprising the steps of:
providing a television network;
combining a plurality of ulfra-wideband signals representative of data with a
television network signal prior to a signal transmission;
receiving a combined signal comprising the plurality of ultra-wideband signals
represent'at_ive of data and the television network signal; and '
separating the combined signal into the plurality of ultra-wideband signals
representative of data and the network for television signal.

63. - The method of claim 62, wherein the television network is selected from the
group consisting of a fiber network, a non-fiber hard-wired network, and a

wireless network.

_64. The method of claim 62, wherein the television network is selected from a
combination of at least two of the group consisting of a fiber network, a non-fiber

hard-wired network, and a wireless network.

65. The method of claim 62, wherein the ultra-wideband signal and the television

network signal use separate portions of an electromagnetic radiation spectrum.




tel evision network signal through the tel evision network. 69. The nethod of
claim 68 wherein the tel evision network includes a hard-wired network. 70.
The nmet hod of claim68 wherein the tel evision network i ncludes a fiber

net wor k.
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66.  The method of claim 62, wherein the ultra-wideband signal and the television
network signal use substantially common portions of an electromagnetic radiation

spectrum.

67. The method of claim 62, wherein the television network signal is used to transmit
data selected from the group consisting of: telephony data, high-speed data,
digital video data, digital television data, Internet communication data and audio
data.

68. A method of transmitting and receiving data through a television network,
comprising:
combining a plurality of ultra-wide band signals representative of data with a
television network signal prior to signal transmission through the television
network;
sending the plurality of ulira-wide band signals representative of data and the

television network signal through the television network.

69, The method of claim 68 wherein the television network includes a hard-wired
network.

70. The method of claim 68 wherein the television network includes a fiber network.




