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BACKGROUND OF THE INVENTION 1. Field of the Invention The invention

rel at es geoanabispsto the field of comuni cations archite@cansor/die
particularly, the invention relates to reverse digitized conmunications
architecture. 2. Discussion of the Related Art A conventional advanced

br oadband systemtypically includes a headend, a nmuxnode coupled to the
headend with an optical fiber, a plurality of nodes coupled to the nuxnode
in a star configuration with optical fiber and a plurality of end-users
(e.g., hones) coupled to each node in a star configuration wth coax wre.

The forward (downstream 88“%:&("&“5'\'8 ;z@qunﬁ,ﬁ#fﬂfé $R Muxnode to node to

enduser) is always analo signal from each honme to
t he node |l evel and then to the nux is anal og. The reverse signa
is digital only above the nmuxnode level. A problemwth this technol ogy has
been that the nmuxnode units are expensive. Wat is needed, therefore, is
an approach that reduces the cost of the muxnode units. ldeally, such an
approach would elimnate the need for any nuxnode units. Another problem

with this technol ogy has begstRRIRGURDOETHPISCRTIORSt r €eam anal og
signals fromthe nodes to the nuxnode unit requires the use of expensive

| asers at the node llevel Fidief dfedneentighat is al so required is sol ution
that allows | ess expensive .lasers to b t he node.l evel . Anot her
problemwith this tg@ﬁﬁ%‘f%‘&?n § %%%H‘Ff%‘wgf’%ﬁ@ IQPEPOH‘E%‘HW&BBP%\H on of the
nodes requires hdhgedtife. Nioe saRi@drke ive ihdiidn 28R to Rafversg%glﬁﬁéd fiber.
Therefore, what is also required 1s a solution that uses |ess optical

communications architecture.

2. Discussion of the Related Art

A conventional advanced broadband system typically includes a
headend, a muxnode coupled to the headend with an optical fiber, a plurality of
nodes coupled to the muxnode in a star configuration with optical fiber and a
plurality of end-users (e.g., homes) coupled to each node in a star configuration
with coax wire. The forward (downstream) signal (i.e., from headend to
muxnode to node to enduser) is always analog. The reverse (upstream) signal
from each home to the node level and then to the muxnode level is analog. The
reverse signal is digital only above the muxnode level.

A problem with this technology has been that the muxnode units are
expensive. What is needed, therefore, is an approach that reduces the cost of
the muxnode units. Ideally, such an approach would eliminate the need for any
muxnode units.

Another problem with this technology has been that the need to send
upstream analog signals from‘ the nodes to the muxnode unit requires the use of
expensive lasers at the node level. Therefore, what is also required is solution
that allows less expensive lasers to be used at the node level.

Another problem with this technology has been that the star
configuration of the nodes requires the use of a relatively large amount of

optical fiber. Therefore, what is also required is a solution that uses less optical

fiber.



fiber. WO 01/052455 PCT/ USO1/ 01244 2 Another problemw th this technol ogy
has been that the typical advanced broadband systemhas |imted bandw dt h,
parti cul awbytlioseashe reverse direction. Wat is al so neededI/usheoefiore, is
an approach that increases the reverse bandw dth of advanced broadband
systens. Heretofore, the requirenents of elimnating the nuxnode units,
reducing the cost of the node units, reducing the anount of optical fiber
and increasing the reverse bandw dth referred to above have not been fully

met. What is neededphheppBletl m_thi@@échab{asg%mﬂ%ﬁ tﬁggfﬁggg%aﬂééd of

these requirements. The invention is directéd to neeting
requi renent s, broadbpndtshgtem. has SonddrndFdilhpattivENT idthereyemt doéctidne

invention is thSi mul taneau(fll){ s]gg)ti sfy the above-di scussed requirenents of
elimnating th& RhEARPREATS Sherpiong 4y Hyannaeachdhat inpreasgpiggguersg n ¢ s,
reducing the appidRfid@for@@tdiedd bfdaBBindySehACr €asi ng the reverse bandwi dth

which, in the case of the prior art, are not simnultaneously satisfied. One
enbodi nent of the i Hesmofoon thesrehaisanemnofelimeninog the anpmbde ngjts, rqaiuoinidi ng at

| east one optigal fi fromat | east gne nenber selected fromthe group
consi sti ng gf_ eﬁgétg‘gﬁ%e %ﬁf% ‘H%ﬁurt?, ugngﬁ REne ﬂé%‘cﬁgﬁ]b?r@&dt‘@r?é%_ at
| east one opti gRlreddrREBand@itth 3FeRbOES £Ho@@ha%%%&9fhll§rc}ﬁ&l. eWh%}Qs sai d

m ni fi bernode; transformng a forward optical signa romsald at | east one

optical fiber teedad isor seduttbrathal gubimectsly eddresieg athlof tess edquireentsr i cal
conduct or at i.gl d mnifiber nogﬁ and transforming a reverse anal og

el ectrical si ghaf MYAIECH 1§ digpisd ¢ MESHNE IBEIR FeAGFERRILS, 2mOngotheryi gi t al

optical signal at said mnifibernode. Another enbodi ment of the invention

is based on A conmunications system conprising:' at |east one optical

fiber fromat |east one nmenbeSUNMNIARNYOFIFIIFINVENTIODNIp consi sting of a

headend and a hub; . a gngap é)tt tihte)%vrze(rjlggn ?sot%%ln?u tz;[ngofs%if gatl%l’y the above-discussed
requirements of eliminating the muxnode units, reducing the cost of the node
units, reducing the amount of optical fiber and increasing the reverse bandwidth
which, in the case of the prior art, are not simultaneously satisfied.

One embodiment of the invention is based on a method, comprising;
providing at least one optical fiber from at least one member selected from the
group consisting of a headend and a hub, a minifibernode coupled to said at
least one optical fiber, and an electrical conductor coupled to said
minifibernode; transforming a forward optical signal from said at least one
optical fiber to a forward analog electrical signal on said electrical conductor at
said minifibernode; and transforming a reverse analog electrical signal on said
electrical conductor to a reverse digital optical signal at said minifibernode.
Another embodiment of the invenﬁon 1s based on A communications system,
comprising: at least one optical fiber from at least one member selected from
the group consisting of a headend and a hub; a minifibernode coupled to said at
least one optical fiber, said minifibernode including a forward circuit and a
reverse circuit; and an electrical conductor coupled to said minifibernode,
wherein said forward circuit transforms a forward optical signal from said at

least optical fiber to a forward analog electrical signal on said electrical

conductor and said reverse circuit transforms a reverse analog electrical signal



| east one optical fiber, said mnifibernode including a forward circuit and
a reverse circuit; and an electrical conductor coupled to said

m ni fi berwode/0s249herein said forward circuit transfornms aPCorusat/oi2epti ca
signal fromsaid at |east optical fiber to a forward anal og el ectrica
signal on said electrical conductor and said reverse circuit transforns a
reverse anal og electrical signal WO 01/052455 PCT/ US01/ 01244 3' on said

el ectrical conductor to a reverse digital optical signal at said

m ni fibernode. ANGidSkcERRSLIRAS: 182 ERgsd dlgﬁﬂtdpﬁ@al!s%ngﬁactﬁgidon a kit to
provide a reverse digitized kit, conprising a mnifibernode to be coupl ed

to at |east ormeindfhdrsede. fAmsher egdiodinming of fhoenventien istrsetiomg ki té or war d

circuit, a reverse . circuit, and connect or capabl e of being coupled to an
el ectrical condlietdrd few'i%er%ﬁﬁ”%"aﬁ& POPRSPE et etm?‘feéﬂ £ SPIRRCEIF Hr war d

optical signal [Ei®ehéspticabtibed §A8mififiBe@BE iRludiddElortvarPeifc@li WafHedBal 09
el ectrical signal on said electrical conductor and said reverse circuit

transforns a reiEpsecangiatogeepeetpable aif beingsatpledty anélectata corductdr, conduct or
to a reverse digital optical .signal at. said. mnifi.bernod These, and

ot her goal s and‘gféeﬁﬁlﬁ}cfﬁﬁeffﬁf‘gargfmrgﬂghﬁﬁ%%r Slaol?l’r‘o{fr I°p6‘8§l§€gt“f‘gﬁ°m_asﬁ’ﬁlraéci at ed
and under st 0od [¥ke Bné Opksdatifib&do iaFomiil HhbE BRcINCAINidMAEoh Sdill QMR al
description and the acconpanying drawi ngs. |t should be understood,

however, that qoméugtor ans\daishrederse eirqut toansfonmis haevensti analografeqicd signald
enbodi nents of the. Hn%enﬁiondandtnunerous.s%ﬁcipiﬁ details. thereof, is
gi ven by way of°% THLEPFEEHSQOAUGRr thArevssy qigital oppics .31%9&%; Sgfanges and
nodi fications rapiferAigdde Within the scope of the invention w thout
departing fromthe spirit thereof, and the invention includes all such

nmodi fi cati ons. BRI EFIIBESGREPhepRodF amHembrlimenNcS{ Ahainventionovildetbetiar of t he
advant ages and featureds ention, .and conponent s

and operat i on APPrecIe %r&gt?nzifg@%fdbv 8&5?1%%%3 1n conjuriction Wiﬁlf thct: Po?lowm

description and the accompanying drawings. It should be understood, however,
that the following description, while indicating preferred embodiments of the
invention and numerous specific details thereof, is given by way of illustration
and not of limitation. Many changes and modifications may be made within the
scope of the invention without departing from the spirit thereof, and the

invention includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

A clear conception of the advantages and features constituting the
invention, and of the components and operation of model systems provided with
the invention, will become more readily apparent by referring to the exemplary,
and therefore nonlimiting, embodiments illustrated in the drawings
accompanying and forming a part of this specification, wherein like reference
characters (if they occur in more than one view) designate the same parts. It
should be noted that the features illustrated in the drawings are not necessarily
drawn to scale. |

FIG. 1 illustrates a high level schematic view of a communications

architecture, representing an embodiment of the invention.



the invention, will becone nore readily apparent by referring to the
exenpl ary, and therefore nonlimting, enbodinents illustrated in the

dr awi ngs woadepasyi ng and formng a part of this specifi ca&Crarspil/onres ei n

|i ke reference characters (if they occur in nore than one view) designate
the sane parts. It should be noted that the features illustrated in the
drawi ngs are not necessarily drawn to sgcale. FIG 1 illustrates a high

| evel schematic view of a communications architecture, representing an

embodi ment of the i BYEN?D iIRRradOr BCR 3 RRIECTIISPA Fist 24émpHry! G 2

illTustrates a bl ock schematic view of a first exenplary mnifibernode,
representing afidifhedioderepsrenting ap gpbpdinsat ofthgin@ntiphustrates a bl ock

schematic view of ajsgc XEe r m ni.fi bernpde, representing an

embodi nent of the i g\i@h??gﬁ&atﬁ?%%%ﬁ%iscfl}eﬁ?%l?éffe&° a Ef%’t?ﬁ%‘?ﬂ@ﬁ‘a’ti c view of a
third exenpl ar yninifibBirdodbelepReating @R e 6diiendofihe BiXR@dbAENt Of the

i nvention. DESCRI PTI ON OF PREFERRED EMBODI MENTS The invention and the

various features andl@ddHdinstigiesa blogeseliematic vigveof a thirdeexesyplagy ned nore ful Iy
with reference_t. L mtin -ments-.that are illustrated in the
nhl?lﬁ%g&oa?l’gj eglteg% %}tlpgéggﬁlggé{g f %)?ﬁt \%/iuhvge nEl81<“§'scri ption of

acconpanyi ng drawngs a

preferred enbodi nents. Descriptions of well known conponents and

processi ng techniques are onitted so as not to unnecessari I% obscure the
d

invention in detail. ThOBSRIBHOYOL RREFRRRED ENMBORIVERE Sadvanced
o pachend seivt oo, e AT Ak MIFuBUSIE BB P FEBIE o
coupled to a heasphghed hbredplly Gath réfelfte ®le AoRliitilgl dnybMmERGHERES
coupled to each, mnifibernode with coax wire. The forward (downstream
signal (i.e., HbwHeigd in the accompanying drawings and detailed in the following
description of preferred embodiments. Descriptions of well known components
and processing techniques are omitted so as not to unnecessarily obscure the
invention in detail.

The context of the invention includes advanced broadband service. The
context of the invention also includes cable television service.

The invention includes a plurality of minifibernodes coupled to a
headend with optical fiber and a plurality of end-users coupled to each
minifibernode with coax wire. The forward (downstream) signal (i.e., headend
to minifibernode to enduser) is always analog. The reverse signal from each
home to the minifibernode level is also analog. Significantly, the invention
includes the use of reverse digitalization beginning at the minifibernodes.
Therefore, the upstream signal from the minifibernode level (lowest distribution
point) to the headend is digital. This is in contrast to the prior art where the
upstream signal from the lowest distribution point to the second lowest
distribution point is analog.

The reverse digitalization at the minifibernode level allows for the
elimination of all muxnode units, thereby saving nioney. The reverse
digitalization at the minifibernode level allows much cheaper lasers to be used

in the minifibernodes compared to the alternative where a more expensive laser

would be required to send a reverse analog signal upstream from the



to mnifibernode to enduser) is always anal og. The reverse signal from each
home to the mnifibernode I evel is also analog. Significantly, the

i nvent i orwoOimobsdes t he use of reverse digitalization begiPamiusgret244 he

m ni fi bernodes. Therefore, the upstreamsignal fromthe mnifibernode

| evel (lowest distribution point) to the headend is digital. This is in
contrast to the prior art where the upstreamsignal fromthe | owest
distribution point to the second | owest 3distribution point is anal og. The

reverse digitalization at the mnifibernode |evel allows.for the

i mi nati on of BPTRRRHATEAPY SR BPBLORYy | T ot S etRen ot e

di gi talization mhififdenddeledd ARONMAGRs bHMRInt 24 QW1 THER L REARREse @RS S tO be
used in the mnifibernodes conpared to the alternative ere a nore

expensi ve | aserthe lgsiestidibigibution peiat] tharebyeindreasingvayesse bandwalih.si gnal upst ream
fromthe WO 01/ 0524 CI/ UsQ1,01244 5 m.nif.i ber.node t her eby,savi ng nore
money. The reverse gléeé%r 39%4}0}11 LERY igitaliqvetay ﬁ%cg{ggpg(,rgfur. so al ows
efficient 1+1 sgsival A@ﬂau&ﬁ@ﬁbﬁann@@@géﬁngﬁh@h@ﬁ is aohﬁehgég%%}né%éd.“n?éﬂ lon

poi nt, thereby increasing reverse bandw d Referring 1, a two-way
di gi tal over| aywlrd0f épenpladgp dormizgodeshi3n, ory lneadéwlighds shawn TIG. ser vi ng

one hub is coupl to a hub 1200. The .hub 1200 is coupled_to 16 xnodes
1300, only oneqoﬁg’;\ﬁﬂuﬁ?’ H)seres PR dess n}{xneﬁgesctﬁﬁ?ascgamgh I’E’é‘ﬁg%‘e nor e
or less rruxnodelsobwc@céa tB 8braddhCopieMITRIEs 14080 HufUiNeRh®ed Pranch

optical fibers 1400. course, there can be a greater or |esser nunmber of
optical fiber greaternsdessenrnuashn offopticadl Bberftaativhes forteheh tmuanade. dichofil fi bers

1900 1 COUP! el ik ol T LOGRRTA TR s fPlbes i, "
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t he system operzingiernodes (mFN) for each branch.

The communications system shown in FIG. 1 provides both forward and
reverse capability. It is important to appreciate that the system operates
differently with respect to the forward and reverse directions. Typically, the
forward bandwidth will need to be greater than the reverse bandwidth.

Turning to the forward aspect of the system, the headend portion 1100
can include 16 lasers 1110, only one of which is shown in FIG. 1. The lasers
1110 are coupled to 2 optical fibers 1190 via a dense wavelength division
muitiplexing unit 1150. The unit 1150 includes resources for performing the
dense wavelength division multiplexing function. Each of the optical fibers
1190 can support multiple (e.g., eight in the forward direction) colors. The
forward color spacing can be approximately 200 GHz. ‘

At the hub 1200, the optical fibers 1190 are coupled to 16 optical fibers
1290 (only one of which is shown in FIG. 1) via a dense wavelength division
multiplexing unit 1210. The unit 1210 includes resources for carrying out the
dense wavelength division multiplexing function. In the embodiment shown in
FIG. 1, each of the optical fibers 1290 can cairy one color.

At the muxnode 1300, each of the optical fibers 1290 is coupled to 8
branch optical fibers 1400 via a splitting unit 1310. It is important to realize

that the muxnode is an entirely optional aspect of the invention. The splitting



differently with respect to the forward and reverse directions. Typically,
the forward bandwidth will need to be greater than the reverse bandw dt h.
Turni ng twotohesf4es ward aspect of the system the headend pamttisonoi2z4400 can
include 16 | asers 1110, only one of which is shown in FIG 1. The | asers
1110 are coupled to 2 optical fibers 1190 via a dense wavel ength divi sion
mul tiplexing unit 1150. The unit 1150 includes resources for performng the
dense wavel ength division nultiplexing fénction. Each of the optical fibers

1190 can suppor.t | ti.pl e .. e ght in.the f rd direction) col ors.
The forward coapg%ﬁggﬁcﬁﬁﬂscggo‘%l %regl 9%6&9% lé(-’g’.e p&f“{f%e hub 1200,
the optical fibaisodd)We prefereblyPafbftainfleOtbhchihg dniDekde lOnf 04 ¥ one of
which is shown in FI 1) via a dense wavel ength division nmultiplexing

unit 1210. The cuen be pydled by vigaesimplessuidcadend pysicalrapicaglmthe t he dense

wavel ength di visihon. multJ i fupct i |n_the. . di hown in FIG
1, each of the e(%lpl))t% ?%n%’[llt %ﬂilcglélrﬂél @g-b(} ’ g%f?\‘ ogzt}}erlg/ra%c eOPélg%%??er%ﬂqoh%O% node
1300, each of tdenapkioge dptlel Bbel? D0 GirGaURt Snd @IS, branch opti cal
fibers 1400 via a splitting unit 1310. It is inportant to realize that the

nuxnode is an enti r &iagh gpthedmanchpppiealtfibsts is seupled/orfremd.todhe splitting WO
01/ 052455 PCT/ ; ‘ . [ ' h nmbodi f
AR | RSP, TG G (30040 AR SRR o

FIG 1 to be p XNo prefera a sinm Fanchi ng
unit, these funsihifihesnddasnsE@vieRotisied ooy pldeditpie o/ cappratifiatedy SO)dtenal one
physical optics. In_the enbodinment shown in FIG 1, each of the branch
optical fibers userddl (mohshewmyind@. dhe of the optical fibers 1290 carries

t he sane col or. Ea(:hﬁ%ilnélﬁ(Sw%%'ec{év%Q% %@%@ﬁ%{g@fﬁéﬁyﬁ%@?btfa?lgﬁrOm 1to 8

m ni fi ber nodes 1500. group o er us . Each of
the minifiber %@i&ﬁ fib2f301408 i€ Bl kesblédtoch dunsé Whidlohgtle dBisioRPRItpléximg el y 50)

of end- users unit‘(lg%. Isnhgl\gﬁénlbrc])difxlle%t sl:ng\iIn in FIG. 1, the unit 1320 combines the
signals from 8 different colors, one for each of the 8 clusters of minifibernodes.
The unit 1320 includes resources for implementing the dense wavelength
division multiplexing task.
Each of the minifibernodes 1500 can transmit reverse signals on a different
color, or the reverse éignals from the minifibernodes on a branch can be serially
added and carried by one color. The reverse color spacing can be
approxfmately 100 GHz. Therefore, it can be appreciated that the reverse colors
can be completely different from the forward colors.

It can also be appreciated that the physical layout of the muxnode 1300,
branch optical fibers 1400, and minifibernodes 1500 can define a hybrid star-
loop network. However, the invention is in no way limited to any particular
network configuration. For instance, each of the minifibernodes could define a
loop sub-network, thereby defining a hybrid loop-loop system. Further, instead
of defining loops, the branch optical fibers could be deployed in a linear |
arrangement, thereby defining a hybrid trunk-star or trunk-loop network. It
would even be possible to terminate a branch at the last minifibernode and run
the reverse aspect on the same fiber that runs the forward aspect.

The dense wavelength division multiplexing unit 1320 is coupled to one

of two dense wavelength division multiplexing units 1240 via 16 optical fibers



Turning now to the reverse aspect of the system each of the branch
optical fibers 1400 is also coupled to a dense wavel ength divi sion

mul ti pl exwoguosasst 1320. I n the enbodi mrent shown in FIG PCTiuset/arnit 1320
conbines the signals from8 different colors, one for each of the 8
clusters of mnifibernodes. The unit 1320 includes resources for

i npl enmenting the dense wavel ength division multiplexing task. Each of the
m ni fi bernodes 1500 can transmit reverse/signals on a different color, or
t he reverse si s fromthe .mnifiber rar n_b ially
added and carr?giﬁ’ﬁfll[yo%nee o 6‘5’3ﬂf&é‘%é’?/gﬂg?'gi;l}eg?‘%slgngtgiq%%@%raenc Béﬁd 6
approxi mat el y 3@RirGffdenstiivefcapth, divikioa amulligieripguaits &t @dvik Batoptiba fltewer se

colors can be conpletely different fromthe forward colors. It can al so be

appr eci at ed t hai8q.walyphyswhish arsshonm BFIGhE Higkhtgeiversdd,70 apr epvpleddpt i cal
fibers 1400, a 1441 1 I ri - op

net wor K. I—b\A/evgg(fhn%fﬁiéé Pﬁ\%’aﬁ;&? g?‘]e'i 5;’%%1%225%{/&&?@1%&%&éﬁ%&%g}‘ 'ltﬂl%cul ar
networ k confi gugcaivietsure Bladwi iskI@ay, each of the minifibernodes could
define a |oop sub-network, thereby defining a hybrid | oop-loop system
Further, instead oflhgénventipgcanspompatiblesyinha pudichanngl mylBpeist coul d be
depl oyed in a | . ; b i.ni: I mk-star or
trunk-1 oop net vc\l})srﬂ%sﬂ]lop %EI&D%&W;S% S%agg%gsglllgﬁ‘ré)eﬁ{éé}?cea?ln%? %a éeéjoellltl Igaglgr&ch at the
| ast m ni fi ber Radehandodatmultipdint disveh s Rnaspeet (LMDShaashe® fiber that runs
the forward aspect. The dense wavel ength division nultiplexing unit 1320 is
coupl ed to one of thhe irveaten gnasebyingluded s kit dhe kit spritchge samesor 240

via 16 optical _fii . 244 I e of

Wi ch i 5" shown Ao Eeib il Sealiof MpRR o “wicte fhical) e REP O
dense wavel engichn ficltidsions oftotd MirgRbérgodss] dml dR&Lovipandits opthedaventiober s
1180, only 4 of which are shown in FIG 1. Eight receivers 1170 are coupl ed
to each of thdhadkitican alsgeoptaindnstrygtions for peactiong themypriinsandpdditionalo| y
four of the

resources for carrying out the invention. Unless otherwise specified, the
instructions, hardware and/or software of the kit can be the same as those used
in the invention.

The invention can also utilize data processing methods that transform
signals from analog to digital (A/D) and/or from digital to analog (D/A). The
invention can also utilize multiplexing-demultiplexing techniques. The
invention can also utilize data processing methods that transform signals from
one multiple access standard to another. The invention can also utilize the
communications bandwidth provided by the system to carry diagnostic
information and/or control commands to actuate interconnected discrete
hardware elements. As an example of the former, state variable information
representing one or more aspects of the system can be the subject of a system
query (e.g., periodically reporting the load on a minifibernode to a control
computer at the headend). As an example of the latter, one or more components
of the system can be reconfigured by a system command (e.g., sending a
command from a control computer at the headend‘ to a minifibernode to transmit
reverse digital optical signals at any of various available frequencies).

The term approximately, as used herein, is defined as at least close to a

given value (e.g., preferably within 10% of, more preferably within 1% of, and



receivers are showmn in FIG 1). The invention can be conpatible wth a

mul tichannel multipoint distribution service (MHOS) standard. The

i nvent i orwoan/0sd4s® be conpatible wth the a |ocal nulti p@catusdi/et2ad buti on
service (LMDS) standard. The invention can also be included in a kit. The
kit can include sone, or all, of the conponents that conpose the

i nvention. Mrre specifically, the kit can include one or nore

m ni fi bernodes, and ot her conponents of $he invention. The kit can al so

cont ai n 1 nst 1 UGHJspReek AUy REARA Db 00! e I4MALHRA ANkeAYGltd Widlinl esour ces

for carrying out t I nvention. ess ot e specified,

instructions, harowarctedaalthoogh sof tesessarilgfditetidy, kintl noanedessatitye same as t hose
used in the inventi.o e invention can also. utilize data dDrocessi ng

met hods that t MFTEFBFAHY- SRSHETR ISSPYRFaARPISY Deerinyig Aetaned as/haydvease ped/of r om

digital to anako@wil'roy achling 4 PEIRT ‘-l’ﬁ’é‘te_lﬁﬁlg)rl 38, W hdelddRrein, is deﬁr%edlafs

mul ti pl exi ng-denul tipl exi ng techni ques. vehtion can &l'so utl
processi ng net hwasr toat linesafsbde thascagrielexedutediby enempudet.i pl e access
standard to another. The invention can_also utilize the comrunications
bandw dt h provi ded by the systemto caﬁ?‘%mﬂie%\gnosti c information and/or
control commands to S@Géiﬂéreﬁlbbﬂﬁr?ern&%}ﬂﬁffn%gntfﬁﬁﬁleﬁcﬁn bORL RS RLETBNtLS. As
an exanple of the forner, state variable information represéenting one or
nmore aspects othetfollowing sonlomitingexihples whjchovillokera toylbistre wyemy degilg. ,

periodically reporti the _load on a_mnifihernode to a control . _conputer
at the headend}’ig')"1 fg%ugggﬁﬂggg’wn({%gﬁ% Qf%’%ﬁ‘?s @ﬁéﬂtﬁﬂgﬁpgeb’dﬁﬁ%hﬁﬁt% of
the system canpgnd&aandihgef ey V??‘hiﬁlg ﬁ%gg@d%ﬁgwa%ﬁqrglctﬁe eRging a

command froma control conputer at t ernode to
transmt revefgthedegglathospof skall irsthgarlts peictieshedfivendioh 0 Uscardiighya Bhe
used _herein, is. defined as at

frequencies). The t.erm appro imatel‘}/, a ]
| east cl ose toe?m@P%%ugg? ecgngjrued g3 gfné’i‘%‘lh? sgpRerRTithe Bweaion. nfiee
preferably wi t Bifferdite eiwdnd Q-1Q3¢ firthe Brdtb i1/ 01244 '

Example 1

ze data

A first exemplary minifibernode is shown in FIG. 2. A minifibernode
2000 includes an input fiber 2005 and output fiber 2095. The input fiber 2005
is coupled to an analog optical Rx 2010 and a 2.5 Gb/s optical Rx 2015. The
analog optical Rx 2010 is coupled to a coax connector 2020 via a 64-800 MHz
output link. Of course, the invention is not limited to any particular frequencies.
The coax connector 2020 is coupled to a plurality (e.g., approximately 50) end
users, not shown in FIG. 2.

The coax connector 2020 is coupled to a quadrature phase shift keying
modem 2025 via both a 8-9 GHz output link and a 9-10 GHz input link. The
coax connector 2020 is also coupled to a 9 to 11 effective number of bits
reverse digitization unit 2030 via a 5-48 MHz input. The reverse digitization
units 2030 is coupled to a 2.5 Gb/s optical Tx 2090 via a serial addition unit
2040. The 2.5 Gb/s optical Rx is also coupled to the 2.5 Gb/s optical Tx 2090
via the serial addition unit 2040, as well as via a 400-600 Mb/s data stream 2050
that is shared within the mFN cluster. The digital signal from the reverse comes
in from the neighboring minifibernode (aka mininode) and is passed to the next

mininode after digitally adding the local information. There is no protection.



8 nost preferably within 0.1% of). The term coupl ed, as used herein, is
defined as connected, although not necessarily directly, and not
necessar iwg ovoexiiani cal ly. The term resources, as used hereirmsoi/si2def i ned
as hardware and/or software for achieving a result. The term program as
used herein, is defined as two or nore lines of code that can be executed
by a conputer. Exanples Specific enbodlnents of the invention will now be
further described by the following, noflimiting exanples which will serve
toillustrate in sone detail variousl%gﬁgﬂgfs of significance. The
exanpl es are intended nerely to facili an understandi ng of ways in

whi ch the inventi onArmyorhEemrqﬂ&rpmdlfﬁv@moﬂexsfshbmeﬁ REGabl & inheseeraddeski | |
in the art to gractl ce the invention. Accordingly, the exanples should not
be construed a3%q9 IF%FIPFI?thhFHEm%B@EOQﬂm%%éﬂ Eﬁ@l@ﬁh loplustthe follgvfingr ence

bet ween t he exaﬂg! HT%%? f lary

m ni fi bernode I's lbémh Igﬁ&ﬁgﬁ%%?’? b(g)ﬁno e 3% Oaid Clo{lﬁlltedg%@ggn i nput
fi ber 2005 andopiwabﬁberfﬁ(l@él’ AR0Ktiohak? 6 1Gb mbdiaacce@bntroluni@obed to an

anal og optical Rx 2010 and 536%555248 optical. Rx 2015. The 3na|og optica

Rx 2010 is couffuplpditg the aapt Qﬂﬂcaéd’w%oa@n&tb@ﬁﬁ@@oﬂ/mbsw dl8ut 1 nk.
O course, the,d B tB8l205. zgﬁothém ?)1192[13'1" 1§rc5hﬁl'éh% tHfel a%fi;ﬁ%pa' es. The
f | S e (1 y e.d., app

coax connector coupl to a plura roxi mately 50) end
users, not shoi Gbis Hetia d2cesshentolarnicidtand tre GM2AI ﬁlSerQOQSI gdist o a

guadr ature phase shif i ng nDden12025 via both a 8-9 out put |ink
and a 9-10 Grz®THle ‘?‘ﬁfk%( orrr@ndapgalx endiiesa ihat 9mple squinmen f%mémsd to a9

to 11 effectivg M@&f o d;i n RdiSonal ?‘5%‘@?&% gﬂé%dgéezlids 9%}8}&%?&32%9 sgdf?iga > 48

MHz input. The everse Igitization unit to a
optical Tx 209UxWw # aadiferentivaadeidth.on unit 2040. The 2.5 Gb/s opti cal Rx
is also coupled to the 2.5 Gb/s opti C%Elxagélez_?go
A third exemplary minifibernode is shown in FIG. 4. A minifibernode
4000 includes the same components as in Example 1, plus the following
additional components. Another 2.5 Gb/s optical Rx 4010 is coupled to the
fiber 2095 in parallel with the 2.5 Gb/s optical Tx 2090. Another 2.5 Gb/s
optical Tx 4020 is coupled to the fiber 2005 in parallel with the 2.5 Gb/s optical
Rx 2015. A direction switch 4100 isolated the serial addition unit 2040 from
the 2.5 Gb/s eptical Rx 2015, the another 2.5 Gb/s optical Rx 4010, the 2.5 Gb/s
optical Tx 2090 and the another 2.5 Gb/s optical Tx 4020. A different media
access control unit 4200 having n x 100 Mb/s shared within the mFN cluster is
coupled to the direction switch 4100. The minifibernode 4000 has equipment
and route protection. The minifibernode 4000 can sense a fiber cut and send the
data in different directions as required.
Practical Applications of the Invention
A practical application of the invention that has value within the
technological arts is advanced broadband service. Further, the invention is
useful in conjunction with on-demand broadcasting (such as are used for the
purpose of interactive television), or in conjunction with internet activities (such

as are used for the purpose of world wide web browsing), or the like. There are



via the serial addition unit 2040, as well as via a 400-600 Md/s data
stream 2050 that is shared within the nFN cluster. The digital signal from
the reverweogos®ss in fromthe nei ghboring mnifibernode @Pefrassoi/mizapde) and
is passed to the next mninode after digitally adding the | ocal
information. There is no protection. WO 01/052455 PCT/ USO01/ 01244 9 Exanpl e
2 A second exenplary mnifibernode is shown in FIG 3. A mnifibernode

3000 includes the same conponents as inlBxample 1, plus the follow ng
addi ti onal conpqne . k i cal .3010 i s couypled to the
optical fiber Q/Bu5%2{}\11@%3{{1%}]?%%%'%9%u&gﬁg&ﬂﬁ%gioaf%ahc %esed&%g?g& it 3020
is coupled tohtfee another 2.5 Go/s optical Rx 3010 and the 400-600 M/ s
nmedia access control 2050. Another 2.5 Gb/s optical Tx is coupled to the
additional 2.5 Gb/s nedia acces’dvsingedplliplaveston and the optical fiber

2095. This exanple : I ngaﬂt T at_ sinpl. e equi pnment
redundancy is pr ovflxg%addﬂ Iﬁ?mfzg%{oélég]?#l onad/oi).%gaggl ?éaezsg%sn&%“e%ﬂ@&ﬁe‘ge

provi ded. The séthenaventisniandk castdiffebiveenid adanehengt or doxarsithe 3 A third
exenpl ary mnifibernode is shown in FIG 4. A mnifibernode 4000 includes

the same conpofRiprangeeasepspxldeppeention gliminatesdhe preddof myxnededinits.ofhe

conponents. An g / i 0sS . I o the fiber 2095
i nmSar allel w E}ﬁ,@ %%rgrze%g%ﬁ%&%&) f@lgn@f%ﬁ%g&fh%,&\ﬁ‘gﬁ%ﬁgﬁ i;fl]geﬁg;a §m°85tti cal Tx
4020 is coupl edf dbgicahfbdrirb@iiredGMith ihe hybridhbtlorid. tThetilen?ioh ifdibamedei cal  RX

2015. A direction switch 4100 isolated the serial addition unit 2040 from
the 2:5 Gb/s optveesgdiRstionbandwidih. anot her 2.5 Gb/s optical Rx 4010, the 2.5

Go/s optical Tx 20 . /. i . 020. A.different
media access contro tﬁ%?{&@gﬁg&ﬁ%&\}ﬁﬁﬁaﬁ%ﬁ%d@%@) }slggé%l;%gﬁ\?\ﬁeﬁ?aﬁ %he nEN
ﬁl uster is couplied 4ml grhaicdd MetbhDimdawiekgdtindek®lionTA&hougH fhie st 4000

as equi prrent

of carrying out the invention contemplated by the inventors is disclosed above,
practice of the invention is not limited thereto. Accordingly, it will be
appreciated by those skilled in the art that the invention may be practiced
otherwise than as specifically described herein.

For example, the individual components need not be formed in the
disclosed shapes, or assembled in the disclosed configuration, but could be
provided in virtually any shape, and assembled in virtually any configuration.
Further, the individual components need not be fabricated from the disclosed
materials, but could be fabricated from virtually any suitable materials. Further,
although the minifibernode described herein can be a physically separate
module, it will be manifest that the minifibernode may be integrated into the
apparatus with which it is associated. Furthermore, all the disclosed elements
and features of each disclosed embodiment can be combined with, or substituted

~ for, the disclosed elements and features of every other disclosed embodiment
except where such elements or features are mutually exclusive.

It will be manifest that various additions, modifications and
rearrangements of the features of the invention may be made without deviating
from the spirit and scope of the underlying inventive concept. It is intended that
the scope of the invention as defined by the appended claims and their

equivalents cover all such additions, modifications, and rearrangements.



and route protection. The mnifibernode 4000 can sense a fiber cut and send
the data in different directions as required. Practical Applications of

t he | nverwDom/084p% acti cal application of the invention tha&CThssreyakue
within the technological arts is advanced broadband service. Further, the
invention is wuseful in conjunction with on-demand broadcasting (such as
are used for the purpose of interactive television), or in conjunction
with internet activities (such as are uged for the purpose of world w de
web browsing), or the like. There are WO 01/ 052455 PCT/USQ1/01244 10
virtual |y i nnuner abl &hgsppendgd clagas argvehtd bsintegpretedfas insiusingrweansrdus-be
detailed here. : L-on. A. j.cat.i ons nethod and/ or
system repr eserﬁ@?c X%Hg%ggﬁlgg%iu;ﬁg% ME}O{E q%@&%&%%ﬂ%ﬁb TEar e 2™ ef fecti ve
and advant ageousgldimrushig theplstasd tigeank @rl"0WikpeHié® 2EHBB8imehbiof thY BIVEhidh
elimnates the need for nuxnode units. The invention reduces the cost of
the node units. amhdifferpptipted % theapperdedispbclaimfunt  of optical fiber required
with the hybrid networks. The invention increases the reverse direction
bandwi dt h. Al the disclosed enbodi nents of the invention described herein
can be realized and practiced w thout undue experinentation. Although the
best node of carrying out the invention contenplated by the inventors is
di scl osed above, practice of the invention is not limted thereto.
Accordingly, it will be appreciated by those skilled in the art that the
invention may be practiced otherw se than as specifically described
herein. For exanple, the individual conponents need not be formed in the

di scl osed shapes, or assenbled in the disclosed configuration, but could be
provided in virtually any shape, and assenbled in virtually any
configuration.



Further, the individual conponents need not be fabricated fromthe
disclosed nmaterials, but could be fabricated fromvirtually any suitable
mat er i al swoRaws$aes , al t hough the mnifibernode descri bedPogrEsonoran be a
physically separate nodule, it will be manifest that the m nifibernode may
be integrated into the apparatus with which it is associated. Furthernore,
all the disclosed elenents and features of each discl osed enbodi nent can
be combined with, or substituted for, tife di scl osed el enents and features
of every other disclosed enbodi nent exggpAipgere such elenents or features
are nmutually exclusive. It will be manifest that various additions,
modi fi cati ons aMbat is elaimethigenent s of the features of the invention nmay be
made without deviating fromthe spirit and scope of the underlying
inventive concept. It is intended that the scope of the invention as
defined by the jappendegiiddatdBpch:t heir equival ents cover all such

addi tions, nodifications, and rearrangenents WO 01/ 052455 PCT/ US01/ 01244
11 The appended cl aipreviding ahbastt(mel@ptwahﬁbmpfremearﬂl@st omecherdbergeleerds - pl us-
function limt tion unl ess. uch a at on Jjis ex |C|%Ay reC|ted in a

gi ven cl ai m usi By FrHEOPhFUEE ng@g%geaggy PUTES GROHPEAER t he

i nvention are sgidfa era@trﬁﬂeaipﬁeameﬁ héd R @%@9&@1 édﬂaﬁl:t%k ealplé/&o%fd052455
PCT/ US01/ 01244 12 i's clained : d, conpri sing:

provi di ng at I@asﬁﬂﬁﬁ@deptlcal flber fron1at Ieast one nenber sel ected
fromthe group con5|st| hea en nlflberno coupl ed
to said at |east o %@%P f%aé' op ﬁg@sgﬁ@gheaéwagg fibstipl ed to
said mnifibernedsward analog electncal signal on said electrical conductor at said
minifibernode; and
transforming a reverse analog electrical signal on said electrical

conductor to a reverse digital optical signal at said minifibernode.

2. The method of claim 1, further comprising:
providing another electrical conductor coupled to said minifibernode;
and
transforming another reverse analog electrical signal on said another
-electrical conductor to another reverse digital optical signal at said

minifibernode.

3. The method of claim 2, further comprising serially adding said reverse
digital optical signal and said another reverse digital optical signal at said

minifibernode.

4. The method of claim 1, further comprising transmitting said reverse

digital optical signal to another minifibernode at a wavelength.

5. The method of claim 4, further comprising transmitting said reverse

digital optical signal from said another minifibernode at another wavelength.



transformng a forward optical signal fromsaid at | east one optical fiber
to a forward anal og electrical signal on said electrical conductor at said
m ni fi berwodepsassd transformng a reverse anal og el ectri cacraisgned24on sai d
el ectrical conductor to a reverse digital optical signal at said

m ni fi bernode. 2. The method of claim1, further conprising: providing
anot her electrical conductor coupled to said mnifibernode; and
transform ng another reverse anal og el ecidical signal on said another

el ectrical conductor..fo _apoth rrever.se digital. optical signal at said

mini fi ber node. 3. Thgf‘%g‘teﬂ’&ﬁl og;daéillaéﬁrﬁi‘%ferf;%??%sé?g'corrpri sing serially adding
said reverse digitatengbiaCersugnal and said another reverse digital
optical signal at said mnifibernode. 4. The nmethod of claim1, further
conpri sing transm ttirapnyting seid eeverse digital qpaicalopgnat backsiogal t o anot her

m ni fi bernode a -a}fglavgleengt h. 5. The nmethod of claim4, further conprising
transmtting sal Feve %e digital optical signal fromsaid another

m ni fi bernode at anot her wavel ength. WO 01/ 052455 PCT/ US01/ 01244 13, 6.
The method of claim4, further conprising: sensing a fiber cut; and
transmitting sald reVbe msthadpfickimol firther comprsing Bersk wayelsagth division

m ni fi ber node. er ?I'r11éa.rretq devof g(haigrp 1.Cé,i§/uirt er conprising dense

wavel engt h di vi si Bur? i va %feffsﬁ 21! QPUSK, EIBLE g gital optical signal. 8.
The met hod of claim 1, wherein transformng said forward optical signal

fromsaid at | east one optical fiber to said forward anal og el ectrical
si gnal on 8. The method of claim 1, wherein transforming said forward optical signal

from said at least one optical fiber to said forward analog electrical signal on
said electrical conductor at said minifibernode includes quadrature phase shift

keying.

9. The method of claim 1, wherein transforming said reverse analog
electrical signal on said electrical conductor to said reverse digital optical signal
at said minifibernode includes reverse digitalization that provides analog return

and interleaver for additional data streams.

10. The method of claim 1, wherein transforming said reverse analog
electrical signal on said electrical conductor to said reverse digital optical signal
at said minifibernode includes media access control of a bandwidth of from

approximately 400 to approximately 600 Mb/s.
11.  An apparatus for performing the method of claim 1.

12. A communications system, comprising:

at least one optical fiber from at least one member selected from the
group consisting of a headend and a hub;

a minifibernode coupled to said at least one optical fiber, said
minifibernode including a forward circuit and a reverse circuit; and

an electrical conductor coupled to said minifibernode,



said electrical conductor at said mnifibernode includes quadrature phase
shift keying. 9. The nethod of claim 1, wherein transform ng said reverse
anal og ewewmttsmad signal on said electrical conductor toPsaiUSOr/ENes Se
digital optical signal at said mnifibernode includes reverse
digitalization that provides analog return and interleaver for additional
data streans. 10. The nethod of claim 1, wherein transform ng said reverse
anal og electrical signal on said electrigal conductor to said reverse
digital optical signal] at sai.d mnifibernode ingludes nedia access control
of a bandwi dth of frRFeEB @alrym&éfen%f%f%ﬁ%mmwc?l BORMOMs. 11, An

apparatus for pgrd ﬂrlggs{‘F%tri&?ﬁH&ttB%q’oﬂilar 'a.?a;llg%%ie?tri\]:gl' si%%#BH‘EMBie?e%Eﬁc%PS

system conprising: at ast one optica romat |east one nemnber
sel ected from t¢mdugonapl sathsivstse ngowf transfread andveasedaraldgdiectaicatisignl ber node

coupled to said at . |east. one gptical fiber, said, mnifjbernode including a
forward circui t°’<’sﬁi‘(¥l %lle?télé?%lrc@ég'g‘?t?‘b‘l‘?iatf:eveéf'f'odlg'éﬂ OQP@%[}SFHD@LFt duct or coupl ed

to said mnifibgihege, dd0 01/ 052455 PCT/ US01/ 01244 14 wherein said forward
circuit transforns a ?or ward optical signal from said at |east optical
fiber to a forward analog electrical signal on said electrical conductor

and said reverse cirguit transfornms a rgﬁ\fefse an I el ectrical signal on
sai d el ectri cal ltondlfa epmpgnigations system pf glagm 1 IERFOEPIEHAS at said

m ni fi bernode. 13. Fhet @ 2 C 3 HdRRSr SR} 'd%'ﬂiﬁﬂeéﬁo f :
conprising: another electrica acon&uctgralu?gupl e%‘ to1 sal rﬁleh:d{h% g{rsr%%e,
wherein said reveasseiraiir ransfornrsaansther reveme andiey eleetviealstgmhahegidel ectri cal

signal on said another electrical conductor to,another reverse digital
optg i cal signal g%o%geéiegctrﬁafconductor to ano(d'xer reverse dlglta?opt?cal signal at saﬁ g

minifibernode.

14.  The communications system of claim 13, wherein said reverse circuit
serially adds said reverse digital optical signal and said another reverse digital

optical signal at said minifibernode.

15.  The communications system of claim 12, further comprising another
minifibernode coupled to said minifibernode, wherein said reverse circuit
transmits said reverse digital optical signal to said another minifibernode at a

wavelength.

16.  The communications system of claim 15, wherein said another
minifibernode includes another reverse circuit that transmits said reverse digital

optical signal from said another minifibernode at another wavelength

17.  The communications system of claim 15, wherein said another
minifibernode includes a sensing circuit and another reverse circuit that can
transmit said reverse digital optical signal back to said minifibernode when said

sensing circuit detects a fiber cut.



m ni fi bernode. 14. The communi cati ons systemof claim 13, wherein said
reverse circuit serially adds said reverse digital optical signal and said
anot her rwoenms46i gi tal optical signal at said m nifiber modasolbL24d he
conmuni cations system of claim 12, further conprising another

m ni fi bernode coupled to said mnifibernode, wherein said reverse circuit
transmts said reverse digital optical signal to said another mnifi bernode
at a wavel ength. 16. The communi cati ons 1§ystem of claim 15, wherein said

another mnifi lfgr no i ncl udes .anot her %fecier Sf?e%&rcui t that transmts said
reverse digital ‘SoptiCCOSPHRERIPIHEEH ¢ SHB HRACPMBEF g dSelte anot her
wavel ength 17. JheclepduINisish nRispisHas e, clai m 15, wherein said anot her
m ni fi bernode includes a sensing circuit and another reverse circuit that

can transmt said reverse digital optical signal back to said

m ni fi ber node n sa,d sensing circuit t.ec fi.ber. . cut. 01/ 052455
PCT/ US01/ 01244Wq§5 131.*1‘3?8%‘“&‘8%3‘?59%’&3 %fd?‘i?)g‘[ L%V@Freé? aﬁlﬂf‘fa@vaﬂ?\?&w r
conprising a deﬂﬁ;ﬁlde@@@h&@gﬁ@pﬁusygﬁﬁq&ymgciillc’_git.eXI ng circuit. 19. The
comuni cati ons systemof claim 12, wherein said forward circuit includes a

guadrature phase shift keying circuit. 20. The communi cati ons system of
claim 12, wherei,p sai reverse circuit i l.ud revenae digitalization
Circuit that prdli ded PESaRBERREHOR AR Of SHBF 17 J0WFF SHd IR SRt dat
streanms. 21. ThenchalesdRbeddd RSl SIEM Rkt tBht3rBVidds a @hiingad d reverse
circuit includes a nedia access control circuit. 22. met hod for reverse

di gi ti zed comuintedeavontr ahditpnal dajersireamss. utili zi ng the communi cati ons
system of claim 12.
21.  The communications system of claim 12, wherein said reverse circuit

includes a media access control circuit.

22. A method for reverse digitized communications which comprises

utilizing the communications system of claim 12.

23. A kit to provide a reverse digitized kit, comprising a minifibernode to be
coupled to at least one optical fiber, said minifibernode including a forward
circuit, a reverse circuit, and a connector capable of being coﬁpled to an
electrical conductor,

| wherein said forward circuit transforms a forward optical signal from
said at least one optical fiber to a forward analog electrical signal on said
electrical conductor and said reverse circuit transforms a reverse analog
electrical signal on said electrical conductor to a reverse digital optical signal at

said minifibernode.

24.  The kit of claim 23, wherein i) said minifibernode includes another
connector capable of being coupled to another electrical conductor and ii) said
reverse circuit transforms another reverse analog electrical signal on said
another electrical conductor to another reverse digital optical signal at said

minifibernode.



23. AKit to provide a reverse digitized kit, conprising a mnifibernode to
be coupled to at | east one optical fiber, said mnifibernode including a
forward WwOroesa455a reverse circuit, and a connector capalpiCa/usblr/being
coupled to an electrical conductor, wherein said forward circuit
transforns a forward optical signal from said at | east one optical fiber
to a forward anal og electrical signal on said electrical conductor and
said reverse circuit transforms a reversk¥ analog electrical signal on said
el ectrical conductor to a reverse digital optical signal at said

m ni fibernode. 24. The kit of claim 23, wherein i) said mnifibernode

i ncl udes anot h@S COTirddt of claiap2d) wehendin batd ngveeeUyitcal stdalBrwddhedsidel ectri cal
conductor and ii) said reverse circuit_ transforns another reverse anal og
el ectrical si gﬁﬁYef%ﬁqdlgﬁﬁlcPPtléﬂo%g?élf and 8¢d anokhar revsmeRdigitd opgca signpkat rever se
digital opticalg @I Qﬁﬁb&é §aid nmnifibernode. WO 01/052455 PCT/ US01/ 01244
16 25. The kit o 4, wherein said reverse circuit serially adds said
reverse digital optical signal and said another reverse digital optical
signal at said mnifibern 26.. The kit of claim 23, further conprising
anot her i ni fi B nodkheddh %*ﬁqq%‘nb? ﬁ%‘ﬁ‘i@@éﬁﬂﬂé&“@@%@l‘ﬂﬁ‘h@rﬁ?‘?q werkleat,
wherein said r Gyl si gnal
to said anot heﬁ)\éﬁl{ ni Tu? Lgﬁgé dtnlilﬁm Ig}V\I/goégls‘g}rll%? lﬁl.Sﬁﬁ&%ﬁ%h%l%ﬂgafngﬁtg?%h26,
wher ei n sai d ametdnsr digitali dpitiogirsigabto sal amdelser nanidtteatode avemnacelendtbui t t hat
transmts said reverse digital optical signal fromsaid another

m ni fi bernode at anot her wavel ength 28. The kit of claim 26, wherein said
anot her m nifi berno ?ﬂﬁ! t Leverse
circuit that c?ﬁ trg%éﬁf&ﬂ%@%é\@ggﬁgﬁdﬁbétﬁ@ op |caﬁgﬁ%| gﬁg Sback to said
m ni fi ber node wethesedversseirsninthaCirfimsuiits sdﬂtreoérSe digital optical signal from said

another minifibernode at another wavelength

28.  The kit of claim 26, wherein said another minifibernode includes a
sensing circuit and another reverse circuit that can transmit said reverse digital
optical signal back to said minifibernode when said sensing circuit detects a

fiber cut.

29. The kit of claim 23, further comprising a dense wavelength division

multiplexing circuit coupled to said at least one optical fiber.

30.  The kit of claim 23, wherein said forward circuit includes a quadrature

phase shift keying circuit.

31. The kit of claim 23, wherein said reverse circuit includes a reverse
digitalization circuit that provides analog return and interleaver for additional

data streams.

32.  The kit of claim 23, wherein said reverse circuit includes a media access

control circuit.



fiber cut. 29. The kit of claim23, further conprising a dense wavel ength
division multiplexing circuit coupled to said at | east one optical fiber.
30. The kwoD oobsxmbai m 23, wherein said forward circuit inclpadasosouwadr ature
phase shift keying circuit. 31. The kit of claim 23, wherein said reverse
circuit includes a reverse digitalization circuit that provides anal og
return and interleaver for additional data streans. 32. The kit of claim
23, wherein said reverse circuit included7a nedia access control circuit.
WO 01/ 052455 PC&%USO%QOl 4é 17 33. /A .nmethod for neverﬁe di gitized

cormuni cati ons WAi ch @ﬁ%}ﬁ Jasreverss fistizgg comBURicRtigns WhichfPBRises,  The ki ¢
of claim 23, fugiihghe GRMAFbSEIME 2NStructions. 35. The kit of claim 23,
further conprising software including a program

34.  The kit of claim 23, further comprising instructions.

35.  The kit of claim 23, further comprising software including a program.



