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(57) Abstract: Systems and methods are described for reverse digitized communications. A method includes: 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. The systems and
methods provide advantages because the need for muxnode units is eliminated, the cost of the node units is reduced, the amount of
optical fiber is reduced and the reverse bandwidth is increased.



muxnode units. Another problemw th this technol ogy has been that the need
to send upstream analog signals fromthe nodes to the nmuxnode unit
requires the use of expensive |asers at the node |evel. ';%qy'fsfop/gﬁ“mhat is
al so reqWQ¥H2#¥ solution that allows |ess expensive lasérs to beé used at
the node level. Another problemw th this technol ogy has been that the star
configuration of the nodes requires the use of a relatively |arge anount of
optical fiber. Therefore, what is also required is a solution that uses

| ess optical fiber. WO 01/52455 PCT/USO1/ 01244 2 Another problemw th
this technol ogy has been that the typical advanced broadband system has
limted bandw dth, particularly in the reverse direction. Wat is also
needed, therefore, is an approach that increases the reverse bandw dth of
advanced broadband systens. Heretofore, the requirenments of elimnating the

muxnode units, reduckhgunid®60stySfent heunoderairEsurn! 84CI Ng t he anmount of
optical fiber and increasing the reverse bandw dth referred to above have

not been fully net. What is needed is a solution that sinultaneously
addresses all of these requirenments. The invention is directed to neeting
these requirements, anong ot hBACKGROVARY QHFTHEENVEERNOMNN A goal of the
invention is to si nulfaneoH%idyoﬁﬂgiIa)‘exﬁ&?e above- di scussed requirenents of
elimnating the nmuxnode units, reducing the cost of the node wunits,

reduci ng the amount ofhedipiémtitn reiadbgrgeaadily fcthe @igider donemhigiai&R bandwi dt h
which, in the case of the prior art, are not sinultaneously satisfied. One
embodi nent of t rschitegaie.i More paygalady.dhe vesiionoglatesdapgeyespadigitizedovi di ng at

[cast one OBt A BREASRALARST ene, emher el ccted rom (e o ou

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.
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acconpanyi ng dr amiqngements oSélouindtibge thendexmside adits, redweuey 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 invention is 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



that the follow ng description, while indicating preferred enbodi nents of
the invention and nunerous specific details thereof, is given by way of
illustration and not of limtation. Many changes and nodif i may be
made wi t NYQOVFRdSS scope of the invention w thout departing gféﬁ?n%@?%pi rit
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appreciated and understood when considered in conjunction with the following

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.



description of preferred enbodi ments. Descriptions of well known conponents
and processing techniques are omtted so as not to unnecessarily obscure
the invention in detail. The context of the invention includes advanced

br oadban®veerazisse. The context of the invention al so i nclRfEESUARIH

tel evision service. The invention includes a plurality of mnifibernodes
coupled to a headend with optical fiber apnd a plurality of end-users
coupled to each mnifibernode wth coax re. The forward (downstrean)

signal (i.e., headendpit02 Mudirhied8HIRUBCHhLRANSH ) aifFstaempfarpnal 0g. The
reverse signal fromeach hone to the mnifibernode |evel is also anal og.

Significantly, tmenifireenedeonpresentingdesmbhdimang obtheriaventioa. di gital i zati on
begi nning at the mnifihe des. erefore,. the upstream signal fromthe
mi ni fi ber node | evel (I"E@e@pﬁ%ﬁﬁ%&eﬁ F@E}*éﬁhe%’iﬁmwt"gafﬁ%" ee_gaé’*ﬁ%w s digital.
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| owest distribution point to the second |owest distribution point is

anal og. The reverse dF§Gt4lllustinieon biacksphenitisivigw of adlkied pxsmplaal | ows f or
the elimnation of..all xnode units, thereb Vi.n ney. The reverse
digi tal i 2at; on apupeerolbreperBie RembpSiner s AiETe R er asers o be
used in the mnifibernodes conpared to the alternative where a nore
expensive |laser would be required to send a reverse anal 08 si gnal upstream

fromthe WO 01/ 52455 PCT/ RIPTIGN GF FREFERBEI) EHEBODY by saving nore
noney. The reverse digitalli Zﬁti on g\t? t he dtm'tni fiber odet I eveld al s% al l.ows
efficient 1+1 serial RN O%fmq S - w1 1 S L Sﬁag? efﬁ?fi on
poi nt, thereby i pfsf PRk MEMNAURE wWIRTIRFGHCD to FRIAnMEngd OmbddPmenss that}¥0- Way
digital overlay and egacy return is shown. A headend portion 1100 serving

one hub is coupl dthstrated imtlty acpompanpheg drawings 206 deriled upthedoiioving muxnodes

1300, only one Ofdescmﬁipgcr)]n 'o? pr%?é%% ém%o'ékrr%nts. 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 money. 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



1. O course, there can be nore or | ess nuxnodes for each hub. The nuxnode
1300 is coupled to 8 branch optical fibers 1400. O course there can be a
greater or |esser nunber of optical fiber branches for 4 Each
of the WaH&HBptical fibers 1400 is coupled to fron11 to g n| | ber nodes
1500, only three of which are showmmn in FIG 1. O course, there can be
nore than 8 mnifibernodes (nFN) for each.branch. The conmuni cati ons
system shown in FIG 1 provides both forward and reverse capability. It is
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which is showmn in FIG 1) via a dense wavel ength division nultiplexing
unit 1210. The udﬁQO@mmeﬁé@§d>é§whé>§aaaflé@§r5f1&£)0cé} ICPUFRS, BigEe ¢aRde adense

wavel engt h divi sion, mil ésgér%h@)%égygﬁ [caPRber bParcREs %{E‘%g&ﬂ &?g{lcﬁ?eh%h W FIG

1, each of the optical an carry one co nuxnode

1300, each of thehetpbnctBdptichbfiess 1280isiceusled ) f6imt10to® miifibernodeyt 1508
fibers 1400 via a Sp||ttln unit 1310. It is inpportant to realize that the
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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
multiplexing 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 carry 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



muxnode) are preferably part of a sinpler branching unit, these functions
can even be provided by very sinple stand al one physical optics. In the
enbodi mrent shown in FIG 1, each of the branch optical fi ﬁ%g'lnél}apﬂfroma
gi ven on® PV optical fibers 1290 carries the same col O Eaeh of the
branch optical fibers is coupled to from1 to 8 mnifibernodes 1500. This
group of 1 to 8 can be terned a cluster. Each of the mnifibernodes 1500
is coupled to a plurality (e.g., approxinmately 50) of end- users HP (not

shown in FIG 1) and Ui} RGcHON %ﬁb&ﬂﬂﬁl ﬂh@\éﬁib@@in?ezlpsmcpfl fohR pavsdram  each of

the branch optical tfibers 1400 is also coupled to a dense wavel ength
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i mpl ementing t he (deRgeh ARG, di ¥ichio?thd BhAdhdpRichinBber@$400 oM of the
m ni fi bernodes 1500 can transmt reverse signals on a different <color, or

the reverse si gnaivwnfonenf theeopticali fiiebet 2R0dsriestheisameendor.can be serial ly
added and carried by cplor. The r.e se .cal or ing .c be

appr oxi mately 100 G—lz%g%mfg‘%’fa&&ﬂpugﬁ hgEs l&ﬁﬁ?p&f%{atg%fnt htgtaéqt he reverse
colors can be cexpimehiodesi §doerans Ifdh?r@ftlh@SfcﬁﬁB@féﬂm@@thﬁster! {Ea6RBf BleSO be
appreci ated that the physical Iayouff3 of the muxnode 1300, branch optical

fibers 1400, andminifibkinodenbisis toemled tma ploralite(ess. happroximately 50) efomd-
net wor k. However, thﬁ[Pi@verhtion Ir@ itin no way limted to any particul ar
network confi gur #§SEE @8FSHORM BTG Thach of the minifibernodes coul d

define a |oop sub-netpypiks nbRab eRYredsike RipRet oF thy Histeth, le@etPof @RBrancht em
Further, instead of defining | oops, the branch optical fibers could be

depl oyed in a | i optical fikersa§@nealso coupledsioye diasé wavalengtinglivisian multitdexsingr or
rink Loop. et ot b, N BURRLR BREEHENR S0 SRS SoRuiEREE, ° e
the forward aspegignals from 8 different colors, one for each of the § 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 signals from the minifibernodes on a branch can be serially

added and carried by one color. The reverse color spacing can be

approximately 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 wavelengfh division multiplexing unit 1320 1s coupled to one

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



The dense wavel ength division nultiplexing unit 1320 is coupled to one of
two dense wavel ength division nmultiplexing units 1240 via 16 optical fibers
WO 01/52455 PCT/ US01/ 01244 7 1250, only one of which is ﬂgqﬁg i G 1.
The two WA YS24540 are coupled to a pair of dense wavel ength division

mul tiplexing units 1160 via 32 optical fibers 1180, only 4 of which are
shown in FIG 1. Eight receivers 1170 are goupled to each of the units
1160 (i.e., a total of 256 receivers 1170). (Only four of the receivers
are shown in Fl G124, onljrumei ofwehinthi io shawn itbEIG dnpEid telosunaist1348 aradauipteddanel
mul tipoint distributiqgn service (MJOS) standard. The. invention, c al so be
conpati bl e wi t haPAE of dFRSE AV2VRGNSt &Y‘ﬂ?nm‘g&‘&emiu&ﬁs%i%?”&éz(‘m(}ﬁé)rhbe‘s
standard. The i n}f?ﬂ%'o‘ﬂ@ £8AwRLR U GolaGh ¥EET1 | Bight Kickivershl 78iake 6aiplddel Ude
sone, or all, of tHe conponents that conpose the invention. Mre

speci fically, theadh dftheamtsi 6D (de, oweal of 2D reseiviers Fi7Her (daly douranfdhot her
conponents of the invention. .T&(i kit can al so contain instructions for
practicing the i FRFERETSHRE RV LAIG dhal  resources for carrying out the

i nvention. Unless ot h%&\ﬁixﬁ}%nﬁ&%énfﬂe%mﬁahsle WS b MAGEaRGe] hatigvmEe and/ or
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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
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Example 1

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.



The coax connector 2020 is coupled to a plurality (e.g., approximately 50)
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Example 3

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 optical 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 1s
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 1s
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
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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.



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 inventionis not limte
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di scl osed el enents and features of every other disclosed enbodi nent except
where such elenents or features are nmutually exclusive. It will be manifest
that various additions, nodifications and rearrangenents of the features
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i ncludi ng nmeans-plus- function limtations, unless such a limtation is
explicitly recited in a given claimusing the phrase "neans for."

Expedi ent enbodi nents of the invention are differentiated by the appended
subcl ai s.



