WD 02/ 21736 PCT/ US01/ 26692 -1 ACTIVE EQUI PVMENT PROTECTI ON METHODS AND
APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the Invention The
inventiowoetztres generally to the field of conmunicati onrapUseIicss2 More
particularly, the invention relates tb the use of splitter-conbiners in
ring communication networks. 2. Discussion of the Related Art

Commruni cati on nodes are designed and used for point to point

conmmuni cations over a network. A comunications node is a transmtting and
receiving (TX/ RX) source. Stringing a plurality of nodes together into a
ring network is well known to those skilled in the art of communications.
What is also well known is that an interruption in comrunication service
can be both inconvenient and costly. For instance, a conventional ring

network is sh i i i ing_is depicted
with three n&@@@@wﬁgﬁémaﬁm(gﬂgdﬁﬁﬂﬁé@ﬁ&dend Each
of the nodes 110-130 includes a data drop/add device 125. Node 110 is
physically connected to node 120 with a pair of optical fibers 140. Node
120 i s physically coupl eBAGKGROINDBOMHE BNVENTIOR pair of opti cal
fibers 150. FIG, 1 in&i@gﬁgeg g%/ dashed |ine segments that additional nodes
may be positioned bet fiBeyventign ang 130. Anot her instance of a
conventional ri i i x\@ﬁ_ -] architecture is
depicted with t E?leegﬁ{r'l%}g{eo? Hz%b%rk%g%ahgé(g{h%c%e?ﬁir%l ca?‘?&%ﬁ@lb@gﬁt&%@s‘t 0 a
headend. AMadeqaeticutady) tied inkbeticioReBeskbnaR of spﬁitékd@tﬁnﬁiHQrSQ§}i§§dr op/ add

devi ce 125. However, node 420 is physically cohnected to node 410 with a
si ngl e opt icOBMYEREONAEVOrkS.ni | ar |y, node 430 is physically coupled to

node 420 with a singlg. optical ige ﬁgg@ FIG 4 indicates by dashed |ine
segnents that additi 01215? Sﬁ@&eogt%% e{%e itioned al ong fiber

Communication nodes are designed and used for point to point

communications over a network. A communications node is a transmitting and
receiving (TX/RX) source.

Stringing a plurality of nodes together into a ring network is well known
to those skilled in the art of communications. What is also well known is that an
interruptioﬁ in communication service can be both inconvenient and costly.

For instance, a conventional ring network is shown in FIG. 1, where a
physical bus logical ring is depicted with three nodes 110, 120, 130
communicatively coupled to a headend. Each of the nodes 110-130 includes a
data drop/add device 125. Node 110 is physically connected to node 120 with a
pair of optical fibers 140. Node 120 is physically coupled to node 130 with a
further pair of optical fibers 150. FIG. 1 indicates by dashed line segments that
additional nodes may be positioned between nodes 120 and 130.

Another instance of a conventional ring network is shown in FIG. 4,
where a ring architecture is depicted with three nodes 410, 420, 430
communicatively coupled to a headend. As above, each of the nodes 410-430
includes the data drop/add device 125. However, node 420 is physically
connected to node 410 with a single optical fiber 440. Similarly, node 430 is
physically coupled to node 420 with a single optical fiber 450. FIG. 4 indicates
by dashed line segments that additional nodes may be positioned along fiber

450 between nodes 420 and 430.



450 between nodes 420 and 430. WD 02/21736 PCT/US01/26692 -2 A
di sadvant age of either of the instances shown in FIGS. 1 and 4 is that a

break onewefozdigs¢opti cal fiber Iines can prevent all of thee@desedos om _
bidirectionally conmunicating with the-headend. Therefore, what is required

Is solution that provides the network with at |east some protection in the
event of a break in one of the fiber Iines. One approach to providing sone
protection in the event of a break in one of the fibers in the past has

been to connect hfigsagtiRtal BBBIRPGE Mo lsat RIUANRA T PRQ! T Bla § jagEe. A break

in one fiber cant ver come throug e use a para r edundant
fiber. Howewbreak aneoftd\opticaldibenlinehea mppemall of thesodeedroni el ati vel y hi gh
cost. Therefqre, what is also needed is a solution that _provides some

prot ect i on Qifiredtionaljy gempruncafing ayiththe hradend s Thesetore gehat d regutred s manner .

Aot her T ARABhAThbDidS: IRRROLANHEIRESEy b R SIFASLER Al ofal | 1O

net wor k requires i nterru nica n services. node to

the ring rigeak mesnetdfake fib& liiedg be broken, at |east tenporarily, so that
t he new node can be inserted into the ring. This break in the ring can

prevent all of t@&e apriesch forppviding soms protestipy ictherayamntoefta brgam;n h the
headend until t Lnst al Lation, | C lete..In ny commercial settings,
sﬁgh a tenp%’reaqigﬁ? hp%rrc‘ MBS .%ﬁﬁieﬁg?@qme E&FPPg%a‘%gﬂﬁafe@ﬁs unaccept abl e.
Therefore, fé’ﬂ@ﬁdahﬁ{)ﬁjaﬁél fIRA AQFedkSin@ne FbkE ttheh BRLYVERbME RrouBR nNetwork to

be expanded wi thout interrupting conmmunication service. Anothé&r problem
with this tthensobdbyparabel rbdedahtfiberr dlofevasta disadventage oititis lpsoacht he ri ng.

| f f thhe data.d [ add devi ils, al f the, be
or event ed 1PSRFRR HABELY BRRICPS: NFAIAIE: HRHG AscrpelaibisosbRg BalTher ef or .
what is al ?goi}ﬁgéjéc{ﬁ?gﬁoﬁﬁc?igﬁ% e QRnt 58 APLDILAER PhBEELT st Bffediliet NE  event

of active ui pnen
manner.

Another problem with this technology has been that expansion of a ring
network requires interruption of communication services. Adding a node to the
ring requires that the ring be broken, at least temporarily, so that the new node
can be inserted into the ring. This break in the ring can prevent all of the nodes
from bidirectionally communicating with the headend until the installation is
complete. In many commercial settings, such a temporary interruption to instail
additional nodes is unacceptable. Therefore, what is also required is a solution
that permits the network to be expanded without interrupting communication
service.

Another problem with this technology has been failure of active
equipment along the ring. If one of the data drop/add devices fails, all of the
nodes can be prevented from bidirectionally communicating with the headend.
Therefore, what is also required is a solution that provides protection in the
event of active equipment failure.

Heretofore, the requiremeht(s) of protection in the event of a line break,
expandability without interruption, and protectibn in the event of active
equipment failure, referred to above have not been fully met. What is needed is
a solution that addresses at least one, and preferably all, of these requirements.

The invention is directed to meeting these requirements, among others.



Heretof ore, the requirement(s) of protection in the event of a line break,
expandabi | ity without interruption, and protection in the event of active
equi pnent wigai2ltx, referred to above have not been fully nmeiryusthateob S
needed is a solution that addresses 8t |east one, and preferably all, of
t hese requirenments. The invention is directed to neeting these

requi rements, anong others. WD 02/21736 PCT/USO01/ 26692 -3 SUWARY OF THE
| NVENTI ON A goal of the invention is to sinultaneously satisfy the _
above-di scussed requirenents of network protection in the event of a line
break, expandability w thout comunications interruption, and. network
protection in the event of SUMMARY GRLUTEFENVENTIONe which, in fthe. case of
the prior art, are not satisfied, much less sinultaneously satisfied.
Anot her goal of Atgeal afdetinentios is to smultamepusly satisfy the ahayeeadisqugesle

! | . o PPy sow ‘us.
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splitter-conmbiner including: a signal splittefr commnicat vely coupled to
a headend iavpive equigmenbfamuné whichy i the casepifeéble pomartj avesotrsadsfieal it put ; and

signal conbiner. ca nicatively_.coupled to said signal] splitter,
co?n‘runi cat.iWﬁayleéﬁﬂm@n?wsghsat%gg‘frgﬁﬂ&‘?’h Pfaﬁdn‘émriﬁ &tively coupl ed
to a headergﬁgfz;%gng &l}g;olﬁfthes%qp@_qugs_of the invention is based on a
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met hod, conpr epl oyi ng nmmuni cations link at |east a portion of
whi ch is protect®de eghbﬁ'ﬁﬂientioﬁﬁ&linvmimfﬂljstbﬁedfoﬁiahwp@aramg&@hﬁriﬁﬁ%_hOy| n?h t
i ner a

i ncl udes providing saig communications. link with a splitter-co
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comuni catively coupled to a headend. ] ]
communicatively coupled to a downstream output; and signal combiner
communicatively coupled to said signal splitter, communicatively coupled to an
upstream input, and communicatively coupled to a headend output. Another
embodiment of the invention is based on a method, comprising deploying a
communications link at least a portion of which is protected against signal
conductor failure, wherein deploying includes providing said communications
link with a splitter-combiner that is communicatively coupled to a headend.
Another embodiment of the invention is based on a method, comprising
deploying a communications link with non-intrusive expansion capability,
wherein deploying includes providing said communications link with a splitter-
combiner communicatively coupled to a headend. |
Another embodiment of the invention is based on an apparatus,
comprising a communications link, said communications link including a
splitter-combiner communicatively coupled to a headend, said splitter-combiner
including: a signal splitter communicatively coupled to a headend input and
communicatively coupled to a downstream output; and signal combiner
communicatively coupled to said signal splitter, communicatively coupled to an
upstream inpﬁt, and communicatively coupled to a headend output; and a data

drop/add device communicatively coupled to said downstream output and



Anot her enbodi ment of the invention is based on an apparatus, conprising a
communi cations link, said comuni cations |ink including a

splitter-g@®inel communi catively coupled to a headend, sagicd/usot/26692
splitter-conmbiner including: a signalg-splitter comrunicatively coupled to
a headend input and conmunicatively coupled to a downstream out put; and
signal conbiner comunicatively coupled to said signal splitter,

comuni catively coupled to an wupstreaminput, and communi catively coupl ed

to a headend out put; and a,data .drop/add device,conmuni.cat| coupled to
sai d domstcrogg’fulr\“ﬁg?t}}'l??y %%H’IQ@OO?@PFE‘EW&?‘%\%W%%%%‘i’H‘eB{a%/rﬁnlﬁ‘ i cat !Ovel y
coupl ed t 0 jFPdrRioHRS baRaBnl dﬁFHf)bgra&ik?&&ﬁﬁﬁﬁH@Q%ﬂ%ﬁnif&iohBﬁnk,! égi{?n“ on is

based on an apparatus, conpriSing a comunications |ink, sai

conmmuni cat iconsnynigaticng dinkdnelgdiag fai first splifter-tombinenodnmenicativelyini cat i vel y
coupled to a end, said first splitter-conbiner ing¢ludjng: first

si gnal spl iclof’g]r%gq‘& Bg\%‘?ﬁnﬁlaﬁlégw SEE%?{F‘@&’t’tlﬁerdn‘FIPﬁ?‘élﬁ f éﬁfléﬁiﬁ‘g‘ W&E‘Fr and
comuni cat i e R Frold £3t h b gpﬁe [ si gnal
conbi ner codr?rrunlinfcigét{i \‘?g’fj?/‘“}p?eou& ecf%t o&ggﬁh#)lﬁ?@d)y gng lcsrl) |1?€é¢§1§&

communi cat itw elfirstoduwpisedameuptj amst a fiyss sigealroonibigestconmmnehicaivelyni cat i vel y
coupled to a first headend output; a data drop/add_ device comunicatively

coupl ed t o <guplgd to said tigs slttes copmuniaiivelbrarpediera fist ypstsam ed to

said first ; t L LR nt j - jner Lcatively
coupl ed betnl\@g’n sal éﬁ rBIBerlitsc?tl éig‘g‘ﬁﬁg‘? ?\og%ti}sgﬁ%adggﬁ’gﬁ {Iﬁlg’él eaﬁ%?%@éaﬁ@ second
splitter - calgbice eommupdicttively; couptedas Réidirsndwisplehhictput @agMUNI cati vel y

coupled to said headend and communi catively coupled to a second downstream
out put; andommEtenityely epwpledtorspidfinst unsireamiioputi ¥ sgopnd splititred t o sai d

hpat, and Combr coRER AR TRl e Fi hiZad R Ap R Aot her
enbodi ment _h@&dénh,esdi@g&i@hh%ﬁliﬁ&-&ﬁﬁtﬁﬂeﬁﬁcmdﬁg? BQsbon@ QPRI §ilft@r depl oying a
conmmuni cation link, at |east a portion of ich is protected agai nst
active equicomamtniéativielyr @upidiap saiddieades] adsphitescatoeippiagledctoraruni cat i vel y

second downstream output; and a second signal combiner communicatively

coupled to said second signal splitter, communicatively coupled to a second

upstream input, and communicatively coupled to said first headend input.

Another embodiment of the invention is based on a method, comprising

deploying a communication link, at least a portion of which is protected against

active equipment failure, that includes a splitter-combiner communicatively

coupled between a data drop/add device and a headend.

‘ - These, and other goals and embodiments of the invention will be better

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 therebf, and the

invention includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS



coupl ed between a data drop/add device and a headend. These, and ot her
goal s and enbodi nents of the invention will be better appreciated and
under st oogigri7gonsi dered in conjunction with the fol | owipgg/uesgdor pti on
and the acconpanying draw ngs. It shosld be understood, however, that the
foll owi ng description, while indicating preferred enbodi nents of the

i nvention and nunerous specific details thereof, is given by way of
illustration and not of limtation. Many changes and nodifications may be

d i thi h f _t.he | i i d L f h iri
ther eof . and t ned o SRErBHoR S tdar e At R b ope G e
DESCRI P kB S EuRFIGSn 0n %t 1 3 H 1SRA4808ms o hacd 7

conception of the advantages and features constitutin i nvention, and
of the conpbavestiemdvidldecamieanorereadilyappargst bymefenriogito g esetriplartyhe
invention, w, ] begcone pmore readil.y a r ent eferring to the exenplary,
and t her ef snd t*\%rﬁﬁrﬁflf?lﬁaftm@nﬁlggPéfé’rﬁlgﬁﬁpfet@f(ré’tt(i.‘a .df*ﬁ’VlPﬁg dr awi ngs
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reference characters (if t ccur in nore than one view) designate the
sanme par t s.chhtacteshGfitheylwecuminegoretiban ¢orieeviewpdesigmte thesameaaed itn t he

drawi ngs ar necessarily. drawn to scale. FIG 1 illustrates a
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| abel ed ™ P@r%ﬁﬁ%ﬂe FIG 2 illustrates a schematic view of a physical bus,
t

| ogical ring w each node includes a splitter-conbiner which can provide

fiber protectiorFIGandllostraieya sdhemddt viwesPaosiventions phesiesltbugg an
enbodi ment of the. invention. FIG 3 illustrates the physical bus, |ogical

ring of FI dpgigalginge apprepriptshy lapeled (BRIUGRARTE.i on of a fourth node having a
litt - nbi fi ._enbodi . the i. ti . FIG 4
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each node includes a splitter-combiner which can provide fiber protection

.and/or non-intrusive expansion, representing an embodiment of the invention.

FIG. 3 illustrates the physical bus, logical ring of FIG. 2 after the non-
intrusive addition of a fourth node having a splitter-combiner, representing an
embodiment of the invention.

FIG. 4 illustrates a schematic view of a conventional ring architecture,
appropriately labeled “PRIOR ART”.

FIG. 5 illustrates a schematic view of a ring architecture with each node
including a splitter-combiner, which can provide active equipment protection,
representing an embodiment of the invention.

FIG. 6 illustrates a more detailed schematic view of the A/D nodes
depicted in FIGS. 1-5, appropriately labeled "PRIOR ART."

FIG. 7 illustrates a schematic view of a physical bus, logical ring
architecture with each A/D node including two splitter-combiners, a first of
which can provide active equipment protection and a second of which can
provide fiber protection and/or non-intrusive expansion, representing a

combined embodiment of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS



appropriately |abeled "PRROR ART". FIG 5 illustrates a schematic view of a
ring architecture with each node including a splitter-conbiner, which can
provi de agig ¢@1€:gui pnent protection, representing an enbgdimge 262t he
invention. FIG 6 illustrates a nore getailed schematic view of the A/ID
nodes depicted in FIGS. 1-5, appropriately |abeled "PRROR ART." FIG 7
Illustrates a schematic view of a physical bus, logical ring architecture
wi th each A/D node including two splitter-conbiners, a first of which can
provi de active P t | ' r-ovi de
fiber protecti oﬁﬂggn@?%wcﬁ]g#aitﬁ%%@%@%&%ﬁn?ﬁ%ﬁ,ga@é%%g gg&alﬁggleg&fgonbi ned
enbodi ment aod explgineduminé fdly. with féetete (INhemokRnhiRRELb ddyehis Vi kEe WO

02/ 21736 PCI/US01/26692 -6 The invention and _the various features and
advant ageodbusiated indhe pegomprnyingdrayings iand detadedin the f9llawing r ef er ence to

the nonlimdg|j I_en . ar KLJ ust.r at L., t he acconpanyi ng

drawi ngs agggg&tﬁg}%ﬁfﬁ[’}ﬁﬁﬁg&g §{1‘1"g%?%gb és& @é?ﬁlsp&d%ﬂpg?mﬁ? 8?‘8?8%&1&/

embodi ment and Pasdekding teehfiq@és MRldmikted ¥s a¢ RSO MARbGessATlfobsRFE/RI NG
techniques are om tted so as not to unnecessarily obscure the invention in
detai | . Thénvemtioaxa deilt he i nvention includes comunication networks.
Expect ed applications incl.yde physical, bus, |ogi.cal rings. Expected

appl i cations al elq?&%8¥ eﬂﬁg o pelpdes coanm 8atF9W%ﬁﬁg'Pﬂ"r§’- can incl ude
placing a bEtb& bpbicatiBRs fchideBhlLil afol3i A 1 r@,g& d another splitter
in the recgy\?i ng p%l%h aol1l‘a %hg sa@&%géllg)}% fr(ljg%‘%fenc 93se fdaégpt I cal signal
splitting, appkcasiphs hlsedscloderilearchiaeithgescomrerci al |y avail able fiber optic
tap couplers. In_the case of .el ectrical signal splitting, the splitters can
be sinple Y braHerB¥ention cenﬂmrévcfecalgepgmﬂﬁﬁr ing e?ﬁ?ﬁ@%@‘r&?*’é@_ﬁipﬁe coupl ed
together 484 RAPARSnG spltkr inthe FQRAIPhath o tldilatnc iR 39 L gpr ation one

of the

optical signal splitting, the splitters can be readily commercially available fiber
optic tap couplers. In the case of electrical signal splitting, the splitters can be
simple Y branches. In either case, two of the splitters can be coupled together
to compose a splitter-combiner. In this coupled configuration one of the
splitters functions as a combiner. The splitter-combiner in-turn defines a shunt
and a bypass.

By providing signals combined from the bypass with a gain of from
approximately 10dB to approximately 20dB relative to signals combined from
the shunt, a switching functionality is provided by the splitter-combiner. Ifa
signal is present on the bypass, this bypass signal will be detected. Ifno signal
(or only a very weak signal) is present on the bypass, the shunt signal will be
detectgd. It is important to appreciate that signals being transmitted along the
shunt are overwhelmed by signals being transmitted along the bypass, if the
later are present.

The splitters that compose the splitter-combiner can be optical in the
case of an optical communications network. Alternatively, these splitters can be
electrical in the case of an electrical communications network. Further, these.
splitters could even be vibrational in the case of an acoustical communications

network. Other types of splitters could be used.



splitters functions as a conbiner. The splitter-conbiner in-turn defines a
shunt and a bypass. By providing signals conbined fromthe bypass with a

gai n of fweg22apger oxi mtely 10dB to approxi mately 20dB r elpatriv@di1kgs93i gnal s
conbi ned from the shunt, a switching7functionality is provided by the

splitter-conmbiner. If a signal is present on the bypass, this bypass
signal will be detected. If no signal (or only a very weak signal) is
present on the bypass, the shunt signal will be detected. It is inportant

to appreciate t t SI naI ransmtted along the s unt are
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enbodi nent s I nvention can use passive Iner. In the

case of an &%r Esthp reinyedtnpare P s a&wslabvibé errhex@ﬁbn@@wltelafb failncl ude two
fiber optic couplers. The use of a passive splittér-conbiner confers major

advant ages. Thefe tsena swigghirgémef or mechani caI or electrical switching. There
is no need for fault detectian need f nit g. There are
f ewer conponent sﬁi Wﬁfﬁ?té(a“faénﬁﬁlug%ﬂ@%d tal'ﬂ%‘%Qno R‘é‘?x}gtch to fail.

There is Nocamst fa'ilh{’é)oitdlg'i?&l ca_ﬁ}ﬁ:chaﬁ Gakd. %ﬂé%ﬁm?l@b%ﬁ APsREMGRY at | east a

portion of @ network against failure of si ¢onnecti on |ines. For
exanpl e, gilogicalaing) psclcaddentas, be progdcéiwﬂhlarg),htte&cmhmde Iﬁamgbel pr ovi ded
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network can be protected from the affect of the failed line. This can be termed
fiber protection.
The splitter-combiners do not have to be located in thé same chassis as
the data drop/add devices, or even the same nodes. The splitter combiners can
be located in-between nodes. Preferred embodiments of the invention use a
passive splitter-combiner device to shunt the communications route around the
failed line.
Referring to FIG. 2, a physical bus, logical ring is depicted with a first
node 210, a second node 220 and a third node 230, each of which includes a .
data drop/add device 125. FIG. 2 indicates by dashed line segments that
additional nodes may be positioned between nodes 220 and 230.
A splitter-combiner 250 is located within each of the nodes 210-230.
Each of the splitter-combiners 250 includes a signal splitter 260 and a signal
combiner 270 (see the detail numbers relating to the splitter-combiner in the
second node 220). The signal combiner 270 is communicatively coupled to the
signal splitter 260. | :
Each of the signal splitters 260 is communicatively coupled to a headend

input 262 (see the detail numbers relating to the signal splitter in the third node



network can be protected fromthe affect of the failed |ine. This can be
termed fiber protection. The splitter-conbiners do not have to be | ocated
in the sag® @rassi S as the data drop/add devices, or everpdingsosagge2 nodes.
The splitter conbiners can be |ocategd-in-between nodes. Preferred

enbodi nents of the invention use a passive splitter-conbiner device to
shunt the comrunications route around the failed line. Referring to FIG
2, a physical bus, logical ring is depicted with a first node 210, a

second nod 0_.and third node ,._each of ich incluydes a data
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addi tional QpRds itioned between nodes 220 and 230. A
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t he splitter- coribicherfsh@&@nalreombikeess 27¢ isgroaimsyitatively cdfpledtochna si gnal

conmbi ner 270 (see.the get ai l naeénb,?rs el atli ng to the splitier-conbiner in
the secondiPstean Iy 27F keedhedeipil aumbersdelating to the sygpal cpmbinesigithe coupl ed
to the si bt d\er 0 j Lt et: i
conmuni cat %g ?8{1:)%)%%?)@? at%gggﬂﬁgsqa%%ﬁ o&?ﬁgﬁ%%&c @éﬂéﬁ?ﬁé&g@% %lubl%gu nbers
rel ati ng taotaltraddndraitp@7dtter in the third node WO 02/ 21736

PCT/ US01/ 26692 -8 230). Each of the signal splitters 260 is

conmmuni cat i vel y Eeagath (canpeetion) berveaen b ovmstieamp@putiZédandfthe he si gnal
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Each of th@aai,%eﬁbeeﬁqn@gigﬁﬂsspﬁ&& 250 &mnyaf'?ﬁatdowiﬂerm%ﬁ%e téithed headend

out put 274. The path (connection) between the downstream output 264 and the

upstream i mEhunR72 can be termed a bypass. The other path, typically a
iggr Lgr t e}rjﬁteg, bl?lttﬁ\g%pnbtogﬁngrllt?tr}]l%ldatsapArlolg}agcri dgvSlge ?Eg o{" Qa%hshlo Q ?sl combi ner 260
communicatively coupled to the headend output 274 of the corresponding signal

combiner 270. Data flow is from the signal combiner to the data drop/add
device.

By providing the third node 230 with its splitter-combiner, an important
expansion feature is enabled. The addition of another node to the third node 230
will be discussed below in more detail with regard to FIG. 3. ‘

The invention can include adding a node to a network without
interrupting service to other nodes on the network. For example, given a
physical bus, logical ring, the last (terminal) node on the bus ¢an be provided
with a splitter-combiner that will initially detect signals from the shut. The
additional node would then be connected to the splitter-combiner. The
additional node would then be the new terminal node on the physical bus,
logical ring. Upon connecting the additional node, the splitter-combiner in what
was the terminal node will switch to detecting signals from the bypass. This
can be termed non-intrusive expansion.

As above, the splitter-combiners do not have to be located in the same
chassis as the data drop/add devices, or even the same nodes. Preferred
embodiments of the invention use a passive splitter-combiner device to bypass

the communications route to the new terminal node.



a shunt. In this enbodi nent, the data drop/add device 125 of each node is
communi catively coupled to the headend out put 274 of the correspondi ng
signal cogingt36270. Data flow is fromthe signal combi ngictigsolA&sotiat a
drop/ add device. By providing the thiosrd node 230 with its
splitter-conbiner, an inportant expansion feature is enabled. The addition
of another node to the third node 230 w | be discussed below in nore
detail with regard to FIG 3. The invention can include adding a node to a

netvorle Wi hout RUGHEWIIGNS, SRIGRA: 4B RRMAIRS RO iRl 7 K For

exanpl e, given a cal bus, To |ca rih ermnal ) node on
the bus candropfapd devicet2s, ias beeh anhettketoﬂmrtmmﬁodémn The Sighali tially
detect si gnal S from the shut. The. additional node woul d then be connected
to the spl iqombinesémnthefoprthprde 34%is conypupicaibiely sennedtediie thanpsigamnew

t erm nal t he

addi ti onal qﬂ@'g%@ﬂ%{@ %%?2? ?gﬁnlbarr&éqgé ?gﬁ lsk)ﬂﬂer HQ@% mqﬁ%%%gﬁgnode w | |
switch to d@b@ﬁhmmaﬁvgp@bﬁnédtamotthe dbwhgsdam ditpt ofaBe tiiR] A&Te T30,

non-i ntrusi ve expansi on. As above, the splitter-conbiners do not have to be

| ocated in the ur%qaaé@n@ndglosiﬁ%mambaadd@bmhqumm349rBarven the same

nodes. Preferr. od h ntion.use,a

splitter- cd)ﬁ%Yﬁlélgt WB?(FQ‘ 6*3‘?@&%‘@“3??@1@6 r}g&ﬁhgﬁ@a Lf’\t/fgm?o t he new
term nal nogeusiVRPahade 3EstiiCddabdl/ 26692 -9 Referring to FIG 3, a fourth
node 340, which includes another data drop/add device 125, has been
connected to thelhehnvehtiomdenisdudapmtetiggat leastanpurtien of mrmgmeﬁmrkt h node

340 is conmuni i.vel y. cannect.ed to_t he upstream ut of he third node
530, Si i | BERpSt e aRte eﬁmlplfﬂ?%tr Fp ORI AV SRUP TRt dpidoe

CpT ol ARk SRSt e B e 20
the active device is associated with a splitter-combiner. If the actlve device
fails, the associated splitter-combiner will switch to detecting the shunt signal,
thereby bypassing the failed device. This can be fenned active equipment
protection.

Again, although it can be advantageous to co-locate the splitter-
combiners with the data drop/add devices, the splitter-combiners do not have to
be located in the same chassis as the data drop/add devices or even the same
nodes. Since active equipment can fail for a number of reasons, notably power
failure, preferred embodiments of the invention use a passive splitter-combiner
device to shunt the communications route around the failed active device.

Referring to FIG. 5, a ring architecture is shown with a first node 510, a
second node 520 and a third node 530, each of which includes a data drop/add
device 125. FIG. 5 indicates by dashed liné segments that additional nodes may
be positioned between nodes 520 and 530. '

In this embodiment, the data drop/add device 125 of each node is
communicatively coupled to the upstream input 272 of the corresponding signal
combiner 270. The data drop/add device 125 of each node is also
communicatively coupled to the downstream output 264 of the corresponding

signal splitter 260. Data flow is from the downstream output 264 of the



providing the fourth node 340 with its splitter-conbiner, the feature of
non- intrusive expansion is still enabled. The invention can include

prot ecti ngoag2iewst a portion of a ring network against fpatiwRog26do2acti ve
equi pnment. For exanple, an active equipnent device can be isolated from
the rest of the network by providing the node with which the active device
is associated with a splitter-conbiner. If the active device fails, the
associated splitter-combiner will switch to detecting the shunt signal,

or ot oot i on CEendil el i EPABER 0 B SANARPARR TS BT ST

splitter- cosheagrifpwid7 dfike e@iaponding sigdald@nmbigg,270he splitter-conbiners
do not have to be located in the same chassis as the data drop/add devices
or even the sameRefendrgnowitpEEGab tthe data dronaddhdevicen] 2545 depisteddn aurber of

, | f ai f d. i nents_of the i ti
pase ve opPiG e hacE, TG Bure RS B8 ARE P BB A bl s Yot e S
around the rfegéib&ds IW(IORR). deNd §fticaRRlceivet B0 £ Bd 4a opticaRtd-blegréiighi tect ure
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is showmn with a fi node 510, a_ second node 520 ‘and a third node 530,
each of whiteansivesr sudsasa diarge-dounléddevice ellectsicalErcuit| 620 i coupledtt es by
dashed |ine,se ts that —additiaon node 0Si ti.oned between nodes
520 and 536_}1e ﬂ{}{? irgceé\f%gaﬁnémgpqpﬁttrmﬁg%/m\gpweg%ﬂ@f each node
i's communi Gabiteloy TaRUDeS tPé?lsﬁxlf't?erl!ﬁﬁ%E%ﬁ@écﬂ%ﬁfc-t%zcﬁ)ﬁ‘agl é}ﬁd@&ﬂespo“d' ng
signal conbiner 270. The data drop/ad evice 125 of each node is also
comuni cat isuehys adaspt debdeo t he downstream out put 264 of the correspondi ng

signal splitter iGO, Data flow is fromthe downstream out put 264 of the WO
02/ 21736 PCT/ USOLhewgestion ez alsn nglids sambiniag Grapr B19re ek fiber260 to the data
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drop/ add desdnttind thesé fandtiPnalities, twd of the splitter-combiners can be joined

together to form a combined device. Again, preferred embodiments of the

invention use passive splitter-combiners. However, all aspects of the invention

can be implemented with active splitter-combiners. 1

| Referring to FIG. 7, a physical bus, logic ring is depicted with a first

node 710, a second node 720 and a third node 730, each of which includes a
data drop add device 125. Of course, additional nodes may be located between
the depicted nodes.

In this embodiment, each of the nodes includes two splitter-combers
250. By coupling the headend output 274 of the first splitter-combiner to the
headend input 262 of the second splitter combiner both of the features of fiber
protection and active equipment protection are enabled. By providing the third
node 730 with its splitter-combiner, the feature of non-intrusive expansion is
enabled.

The invention can also be included in a kit. The kit can include some, or
all, of the components that compose the invention. More specifically, the kit
can include the splitter-combiner and other components of the invention. The
kit can also include a splicing equipment and supplies for retrofitting existing

nodes with the invention. The kit can contain a computer prc;gram. The kit can

also contain instructions for practicing the invention and apparatus for carrying



nore detailed manner. The data drop/add device 125 includes an optical,
receiver 610 (ORX). The optical receiver 610 can be an

opti cal - t @.cgal2@Gt3goni ¢ transducer such as a charge- coupl edpcdaotRe692
Electrical circuit 620 is coupled to-ithe optical receiver 610. An optical
transmitter 620 (OTX) is coupled to the circuit 620. The opti cal
transmtter can be an el ectronic-to-optical transducer such as a |aser

di ode. The invention can also include conbining two or nore of fiber
protection,_ non-intrusi expansi on, and/ or. active devic rotection. To
conbi ne the%ué?}fedﬁg%rftboﬁ]aﬁ"tl?séﬁ Wegf’e?ﬂ%cggb? W‘?’%‘?n-e%“rﬁlﬁ?‘ﬁ@?@%ﬁ be j oi ned
toget her t Qunidfirihdnetshd) BdhdRY cafbe MahMe aB RSB &P ina P aflciBoL S of the

i nvention use passive splitter-conbiners. However, all aspects of the

i nvention can bEhd myeetrencanchlsa wtilizaclaiaprosgssingtieethedstbatzasforRef erring to

FIG 7, a physical bus, logic ring.js depicted.with a first node 710, a

second .nodeglé‘z"&f @W& Oa{letsfﬁt?go ‘?ﬂ?ﬂléeﬁg@,r e’éaa'gmeﬂﬁemeeﬂom ﬁ?’ﬂéﬁi%%m'%lne ata drop

add_devi ce igiRins(ehmERtiioR to B8 4083 NE EtolfRdtidifol BEdfchgdact veen  the
ch of t es i ncl'ude

depi cted nodes. In this enbodi nent, ea he no s two

splitter - coimi(s) to2sfuatBinteroommiected disveeth bardievade eleients. Rarlinsfandd)ehd i r st
splitter-cqnbiner to,éﬁ?e headend i nput 262 of the second splitter conbiner
both of t hdDY@Wioncan irpludg wapitonngthe spitshing stateet the spltierrgomhinerpr ot ect i on

are enabl e%dFXp&{igg lt I'mattelf'(? t}{eyeﬁgenmg?ec%?’&f . ég d}a%ﬁgss({%ln(é;i%er - cormbi ner,

the feature o non- n%lrluswe expansron s enaIB tion can al so
be i ncl udedurthes thd invettish &dnevedindlidd MeBusiAEEhe ﬁlativ@lslgnapitténmtli&i)rfponent S

that conpose the invention. Mre specifically, the kit = can include the
spl it t er - chebreparthe Axpass lad sewnpor thyf split sationafishe signal sphigterski t can al so

W th the i At BB el bPE s ap B h ot iy e i can
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while simultaneously maintaining sufficient shut sensitivity to meet the needs of
a contingent switching event.
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
most preferably within 0.1% of). The term coupled, as used herein, is defined as
connected, although not necessarily directly, and not necessarily mechanically.
The term deploying, as used herein, is defined as designing, building, shipping,
installing and/or operating. The term program or phrase computer program, as
used herein, is defined as a sequence of instructions designed for execution on a
computer system. A progfam may include a subroutine, a function, a procedure,
an object method, an object implementation, an executable application, an
applet, a servlet, a source code, an object code, and/or other sequence of
instructions designed for execution on a computer system.
The particular manufacturing process used for fabricating the splitter-
combiner should be inexpensive and reproducible. Conveniently, the splitter-
combiner of the invention can be fabricated using any splicing method to join
two Y branches, either optical or electrical. In the case of optical branches (e.g.,

tap couplers) it is preferred that the process be an optical butt splicing



-11 out the invention. Unless otherw se specified, the conponents (and
apparatus and/or instructions) of the kit can be the sane as those used in
t he i nventyigaf21735he 1 nvention can al so utilize data procesgitagsoi@éddpds t hat
transformsignals fromone state to amother. For exanple, the invention can
be combined wth instrunentation to obtain state variable information on
the detected signal(s) to actuate interconnected discrete hardware

el enents. For instance, the invention can include nonitoring the swtching
state of t [ el - ' : [ rii j a t headend
for recor dg[ ?}%’Eéldaeé %‘é@%@?ﬁ%@é‘t“ grbge]ﬁﬁgﬁ’hﬁsfﬂt dggilltrggé{n %’gﬂfogaanﬁgven

i ncl ude nedidht cating, pidetibé tochniggnal attenuation between the bypass and
shunt to change the split ratio of the signal splitters and/or signal

conbi ners wit h Vvdewawretheipartiqulargeamasfaciening progessusedfaor falnicating o x

devices, t . [ t oi.se fromthe shunt duri bypass
operation Q?}{ﬁ?%cér?%ﬁ {ag%lggggssfggﬁ/tlagg? ﬁ%ed;ﬁﬁ?nﬁﬁ)%saﬁfl?ri}%?se‘ﬁPmsvllué}ﬂts t@%nsi tivity to
neet the nerderivdd fudctéciatlity) ATOEmAN the & WHo HARE br udBeiffemiBRPiRXI mately, as
used herein, is defined as at least close to a given value (e.g.,

pr ef er abl y selechihe manfadturingprocessdasedalpion tapling andiGneogy, reqnitementsy

preferably within 0. 1%.0f). The term cpuypled, as, used, herein, .is.defined as
Gonnect ed, 1A EFRAAT BliCrisneauiremopty of Weng! praducty gnd hedesings pf |
mechani cal life overif miALAHGROMbLEGs @s used herein, is defined as designing,
bui I di ng, shipping, i1nstalli’ng and/or operating. The term program or
phrase conput er Whigmatbeiag limiteddo any pamiculas peiddinidde arlicatsesfuence of

i nstructions designed for execufion gn a conputer system_ A program nay
include a oSG H’é’}“‘é"*‘i BF%?‘F emgo‘gﬂ’@&@dlfrﬂé‘? inveptigghgaache idgttHird an obj ect

| mpl ement atg,an, ﬁ%ﬁ%ﬁ%ﬁ%@? (’gft?ﬁﬁgﬂe-ké}l% Iof Qum%ﬁpﬁﬁghﬁtstreﬁ ed’ifférghtiala source

code, an object co I sequence o nstructions designed for

execution aptle adend eutpsiysttbersplittee-commbinet UlAd theedadéad butpuef the ocess used
for fabricating the splitter- conbiner shoul d be inexpensive and
repr oduci bisglitt@ospebinen the differeace g1 selative strergth baveeafsignal(s) enfering on can be

fabricated the h@a% e%@fmﬁlﬂl a'n isgk%am@t Qn?éjrir%gothje %&)Qtream input should be from

approximately 10 dB to approximately 20 dB. This difference in relative

strength between the signals can be achieved by selecting the tap coupling ratios
(split ratios) of the signal splitter and the signal combiner. This difference in
relative strength can also be achieved by adjusting the amplitude of signals
entering the headend input and the amplitude of signals entering the upstream
input. The test for the presence of sufficient signal strength diﬁ‘erential can be
carried out without undue experimentation by the use of a simple and
conventional signal strength meter experiment.
Examples

Specific embodiments of the invention will now be further described by
the following, nonlimiting examples which will serve to illustrate in some detail
various features of significance. The examples are intended therely to facilitate
an understanding of ways in which the invention may be practiced and to
further enable those of skill in the art to practice the invention. Accordingly, the
examples should not be construed as limiting the scope of the invention.

Example 1



two Y branches, either optical or electrical. In the case of optical
branches (e.g., tap couplers) it is preferred that the process be an

opti cal bwideepticCi ng WO 02/ 21736 PCT/ US01/ 26692 - 12 techytaudi 2608 t he
manuf acturi ng operation, it is an advagnatage to enploy a UV |ight curing,
gui de tube technique. However, the particular manufacturing process used
for fabricating the splitter-conbiner is not essential to the invention as
long as it provides the described functionality. Normally those who make

or use the invenhigawhi bys i&?ﬁn%ﬂ%n;@g%fdggﬁ é%ég%rgfegﬁﬁén&jﬁ%gd upon

tooling and energ equi refem s, ec I cation requl renments of
the final potdsiet expamdicnhfancismlities wheretdach adddap (AD)ubae inghidegapr ocess.
Wiile not being limted to any particul ar performance indicator or

di agnost i c SPHERE-Fembiner. T he splittes-combingr gaminsluste a Hgnal splitter wherean be

i dentified . ' ' ro.th esence of sufficient signal
strengt h i FRegafendy SYabr Y lenit by BlnehBteRIC TR NT o | oot ner. A
the headenchppubinatedf 9O5%eof thokighhlednetBidnested thwardithé ByRRs eShitabl&! ati ve

strength between signal (s) entering the head end input”and signal (s)
entering t Hibaipptie sawplerspuith Shvomtgubport rasio arepgadiy commsirgiallp dB t o

PP o, o el R, Bty A GHET e oSSk el R SSAEST, (e
1107 L A 10410 sy SRR D e
signal s ermmb:img winze hppdaimatelyfidts afithetdoentimgd signad enefgyds deriled entering
Lhe st eom o APy TS sttt B parencael, sutticient sianel T
e e QSR 0%y, S ekt SRR S BIARLT
descri bed layailitie fioal JOSiFig] (A0 Sketied); EALEK Dymahiss, . ¢howélk SWEBCve to
HHhustrate ) o WieCs wad Amphenol (part nos. 945-130-1000, 945-131-1000, 945-

132-1000, 945-170-1000, 945-171-1000 and/or 945-172-1000).

Example 2
A physical bus, logical ring, can provide the fiber protection and non-

intrusive expansion functionalities where each add/drop (A/D) node includes a

splitter-combiner. The splitter-combiner can include a signal‘splitter where

“approximately 10% of the signal energy is deflected to the shunt and

approximately 90% of the signal energy is directed toward the bypass. Suitable

fiber optic couplers are readily commercially available from IDS Fitel (AC

Series); Amphenol (part nos. 945-130-2000, 945-131-2000, 945-132-2000, 945-

170-2000, 945-171-2000 and/or 945-172-2000). The splitter-combiner can

include a signal combiner where approximately 10% of the combined signal

energy is derived from the shunt, and approximately 90% of the combined

signal energy is derived from the bypass.

Example 3
The active equipment functionality can be provided by a ring
architecture where each add/drop (A/D) node includes a splitter-combiner. The

splitter-combiner can include a signal splitter where approximately 10% of the

signal energy is deflected to the shunt and approximately 90% of the signal



various features of significance. The exanples are intended nerely to
facilitate an understanding of ways in which the invention nmay be

practi cedway @ imsef urt her enabl e those of skill in the art Aca/iRoaesdog € fthe

i nvention. Accordingly, the exanplesigshould not be construed as limting
the scope of the invention. Exanple 1 WO 02/21736 PCT/US01/ 26692 -13 A
physical bus, logical ring, can provide the fiber protection and non-

i ntrusive expansion functionalities where each add/drop (A/D) node includes

a splitter litter
where  appr o e of rEs S A VST R AR RpIRA et e el Ne Bt ang
appr oxi mat el )coﬁﬂ»%eofw}teream@naiateéy]w%)oﬂtbe cbmlﬁﬁé&dgﬁa)\&ﬁér@yﬁd’dbrh%@ag SI
Suitable fi tic couplers with this output port ratio are readily
comercial ly g{) %IB% af“i?é?ﬁr@“?@i@lbyﬂ%’rﬁféée C‘Prﬁ@ne‘( figad |egergyde and/ or
SMFC); and 945-271-C 100). The splitter-conbiner can

I ncl ude a si ggb&pﬁb pg([a) d\%ﬁ%ere approxi mately 50% of the conbined signal
energy is derived from thePradtical Applichtiappoftke Gmicatiyn 50% of t he conbi ned

signal energy is derlve from.t pass.. Sujtable fiber, o t|c coupl ers
are readily corrrrer‘dtP’éﬂcP Blé‘?ait‘BBlogttiFr‘BYﬁnj‘BSﬂWthé#V %&:Wﬁélﬂﬂg E- TEK

Dynam cs, In BarsViB

945- 130- 1000%032?6%% a:lLooo9139’?165}’% ilgg/gg%ans%gg)f%%%“g’gﬁé‘rwf%ss 1000
and/ or 945- 13ech@0aidingExdatp deopZadd ridy $o e ddgidalidoopl dyirthed, the ingentioans pr ovi de
the fi ber roteiﬁjon and .non- intrusive expansion funcgtionalities where

each add/ drof*% ‘B)COHB{T&“?’F\E’I“B(T%”gﬁl 8 b soread of damage mﬁ%@“re_Of
splitter-comhiffe &Rfp ?Eﬂs Gelg @m?ﬂuﬂ ﬁs%ét@v& Wis%ro@&p%p?xﬁﬁl%gé y 10% of

the signal energy iIs de Iecte to t t an appr oxi mat'el’y ot b of the
si gnal ener gund/sr shivesxitedxiaboubiet), tdnen byrjastion Swith edntellirgl thespregd 6 coupl ers

are readily omrer I al avai lable fromJDS Fitel (AC Series); Anphenol
(part nos. gmi @Otlexu agtive enmeppnenis £such as datgsiropadsl nodes and/or

repeaters), or the like. There are virtually innumerable uses for the invention,
all of which need not be detailed here.

All the disclosed embodiments of the invention described herein can be
realized and practiced without undue experimentation. Although the best mode
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 assembled in the
disclosed configuration, but could be assembled in virtually any configuration.
Further, the individual components need not be fabricated from the disclosed
materials, but could be fabricated from virtuaily any suitable materials. Further,
although the splitter-combiner described herein can be a physically separate
module, it will be manifest that the splitter-combiner 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.



170- 2000, 945-171-2000 and/or 945-172-2000). The splitter-conbiner can

i nclude a signal conbi ner where approximately 10% of the conbi ned signal
energy i swédanined fromthe shunt, and approxi mately 90% ofpdiiagso¢o&dob ned
signal energy is derived fromthe bypasss. Exanple 3 The active equi pnent
functionality can be provided by a ring architecture where each add/drop
(A/D) node includes a splitter-conbiner. The splitter-conbiner can include
a signal splitter where approximately 10% of the signal energy is
deflected to the shiltlbeananiBRPHRAKAFRIRIMIRONE Hhodificiohony WO 02/ 21736

PCT/ USO1/ 26692 -14 eneirqg%gi s directed tovx_/ard t he bypass. The

spl i tter - conFeaapgemagnts acihg deateres phthglinventinh mag bewhasteovitiput deviatigel y 10% of

th nbi ned,si | .el i ived, f t hunt , d i mat el
0056 of the. cSRBrHEaP T ghb¥est of i Yrberiviak idieattre SsHeEH: T oaBhRaalT ca
Appl i cat i onstiRfscbpeof thy iVichfidn 45 dsfimell by dhe ApRhicAd1AiaR 0 thdie i nvention that

has value within the technological arts is the non-intrusive expansion of
comuni cat i ofdUiEaloRss Raver al isuph additiensi mgdificdtions, andreamdegentwats. t o a | ogi cal

| oop. Further, they] i is _useful, i-n conjunction.with controlling the
spread of damage P%gﬁ%glh F%?‘gl%‘?areﬂggg’l Qfelmceg?'FB{f @ﬁf"s"?‘fdﬁ"%m(%‘??fé]m'cati ons
networ k (sucfunatiobligitations)uhlesy such RaingitatdNdé StplRRKAEEAGAR YW Cabl es), or
in conjunction with controlling the spread of darmge fromtailure of
active conpofiain ysipg thephsased'meansifasp/ Bupedient embadiaients ofithpmaestics) , or t he
| i ke. There LT Lhnuner abl e, uses for the invention, all of which
need not be %ﬁéﬁ%@%ﬁ%‘é&rgv‘.'{h&lﬁpp?rﬁ%gcﬂ’g%l?l&ged enbodi nents of the invention
descri bed herein can be realized and practiced w thout undue
experinmentation. Although the best node of carrying out the invention
contenplated by the inventors is disclosed above, practice of the
invention is not limted thereto. Accordingly, it wll be



appreci ated by those skilled in the art that the invention nmay be practiced
ot herwi se than as specifically described herein. For exanple, the

i ndi vi dualvgcameigent s need not be assenbled in the discl ggadysoi/26692
configuration, but could be assenbl edig-n virtually any configuration.
Further, the individual conponents need not be fabricated fromthe
disclosed nmaterials, but could be fabricated fromvirtually any suitable
materials. Further, although the splitter-conbiner described herein can be
a physically separate nodule, it w t“ﬁﬁ/{ nifest that the
splitter-conbiner may be integrated into e apparatus with which it is
associ ated. Furthernore, all the disclosed elenents and features of each
di scl osed enbodi pent, can be combined with, or substituted for, the

di scl osed el &¥hshisclapgdfisat ures of every other disclosed embodi nent except
where such elenents or features are nutually exclusive. WD 02/21736

PCT/ US01/ 26692 -15 It will be manifest that various additions,

nodi fi cations. andAnmnppirafusgesmptisingdd commuhieationsdinkofaid Bembiimivationn may be
made wi t hout_deviating fromthe spirit and scope of the underlying

i nventive coldlepeluding’i s intended that the scope of the invention as
defined by the ap ren 84 h
addi tions, nodifi gg‘?lﬂg&gs&)mk@ r g@?‘rugl#%el&% %Bh %?&%g%agﬁ%%cf afgilJ lltctgrcar e not
to be inter peahidderasciubingtidi ng means- pI us- functl on limtations, unless
such a limtation is explicitly recited in a given claimusing the phrase
"means for." Expedi ent 2&Baldp Héﬁ&%o%mumﬁ@nwmqmlwo acheadendrippytaandi at ed by
t he appended 7 2 -16- CLAIMS What is
clained is: Oﬁhﬂnhlgwgerl%mﬁ t%]a %%IF%AH%%%%%%?%U ons link, said
comuni cations i nk [ mghald:bfiﬁuner communicatively coupled to said signal sphtter,

communicatively coupled to an upstream input, and communicatively coupled
to a headend output; and
a data drop/add device communicatively coupled to said downstream

output and communicatively coupled to said upstream input.

2. The apparatus of claim 1, wherein said data drop/add device includes an
optical-to-electronic transducer coupled to said downstream output and an

electronic-to-optical transducer coupled to said upstream input.

3. The apparatus of claim 1, wherein said splitter-combiner is a passive
device.
4. The apparatus of claim 1, further comprising another splitter-combiner

communicatively coupled to said headend input and communicatively coupled

to said headend.

5. The apparatus of claim 4, further comprising another data drop/add

device communicatively coupled to said another splitter-combiner.



a splitter-combiner comunicatively coupled to a headend, said splitter-
conbi ner including: a signal splitter comunicatively coupled to a headend

i nput andwoc@imgsi catively coupled to a downstream out put ;pcangsosigal
conbi ner comuni catively coupled to s@-d signal splitter, comrunicatively

coupled to an upstreaminput, and communicatively coupled to a headend
output; and a data drop/add device comunicatively coupled to said
downstream out put and conmuni catively coupled to said upstreaminput. 2.

The appar at ug, of ‘I’h@hﬁi}a}atu%?élﬁinms@hg'eﬁasraﬁl xﬁ}g{lﬁgglcqﬁ\ﬁnﬁ%&l&? Lﬁges an

optical -to-electronic transducer coupled to sai ownstream ou and an
el ectroni c- topt@q@i fiberd coupled ddtieesn sa@qplxttdr-tmnlsaerchndpatdlmdendﬁpmti 3. The

apparatus of .c erein sai it i.s a, passive device.
4|.OpThe appar %{Fﬁ‘g SB%@Pﬁ@H?iS ar QRtic Eb??b?tiers?’ﬁg;%éfﬂﬁgﬁ‘%rco@ﬁmefter conbi ner
comuni cat i VRklide@apPbfistal Beasttémbgadend i nput and communi catively coupl ed
to said headend. 5. e apparatus of claim4, further conprising another

data drop/add device comunicatively coupled to said aRot her f
splitter-conbiner., WO 02/ 21 PCT/ 01/26692 -17 6, The apparatus o
cloai m 1, whefein S8 EP%%R?@%‘P}CL qreifSaid fomypwEcatipns Hﬁl‘l‘ #desiaper

coupl ed bet vgnRia$aitle shpitd Eétw%&mh&' ht?éi'f&oﬁx% AQS Qﬁ@ﬁ!ﬁ&ﬂea hds n{)dg' gnal

splitter includes an optical beam sp tter Si gna I ner
i ncl udes an @gual splittdyengtndesrai ehestrical spliftee cappamaiusd mgnajlmmhxﬂe,r wher ei n
sai d conmmuni calﬁfgons |i k i,ncl ydes a .coaxi al cable coupled between said

splitter-confFHErS ‘Hh?)le HrY GQERRERGTCUEi §  signal splitter includes an

el ectrical splitter circuit and said signal conbiner includes an
el ectrical conbiner circuit. o o ) o
An apparatus, comprising a communications link, said communications

link including
a first splitter-combiner communicatively coupled to a headend, said
first splitter-combiner including:
a first signal splitter communicatively coupled to a first headend
input and communicatively coupled to a first downstream output; and
a first signal combiner communicatively coupled to said first
signal splitter, communicatively coupled to a first upstream input, and
communicatively coupled to a first headend output;
a data dfop/add device communicatively coupled to said first
downstream output and communicatively coupied to said first upstream input;
a second splitter-combiner communicatively coupled between said first
headend input and said headend, said second splitter-combiner including:
a second signal splitter communicatively coupled to said headend
and communicatively coupled to a second downstream output; and
a second signal combiner communicatively coupled to said
second signal splitter, communicatively coupled to a second upstream input, and

communicatively coupled to said first headend input.



8. An apparatus, conprising a conmunications |ink, said conmunications
link including a first splitter-conbi ner comruni catively coupled to a
headend, @@ ¢}/21f3¢r St splitter-conbiner including: a first pimgnah2640bitter
conmmuni catively coupled to a first hesgdend input and conmmunicatively
coupled to a first downstream output; and a first signal conbiner

comuni catively coupled to said first signal splitter, comunicatively
coupled to a first upstreaminput, and comunicatively coupled to a first

neadend out pyt: A ety dLARL RV AE RONMLE R

ely, coupl ed.to said
first downsfream out and” comruhi ca %idtdc?vgj i"&"??‘%eﬁéf‘ upstream
i nput; a seeptichl-spkletirefic @AkIuBaT coupledus ksiadowakiyea® bidpetarddeinveen sai d
first headend input and said headend, said second splitter-conbiner

i ncl udi ng: ackeEemietevgheal trapsducercouplsshio sald apstveamyingstipl ed to sai d headend
and communi catively coupled to a second downstream out put; and a second

si gnal conbi ner comruni catively coupled to said second signal splitter,
communi cati veby cabphkpphratas af clam®BOwheinrtRalinsdid Bedt sphtel-coatbimetahgat i vel y
coupled to said first headend _ input. WO 02/21736 PCT/US01/ 26692 -18 9. The
appar at us of saf seqend spliferrombingsiage prssiae dedpesadd devi ce incl udes an

optical -to-electronic transducer coupled to said downstream out put and an
el ectronic-to-optical transducer coupled to said upstreaminput. 10. The

appar at us of 1t! ai Th8appdiatueoficlbian B, faather donfigiisipPd ihiddepligerdinitdnerand  sai d
second splitter-conbiner aregfassive devices. 11.- The apparatus of claim
8, further ceopmuaicadvely campled naid headendoinpiand cosynvrieattvehi seapledcoupl ed to

sai d headendy] Al ' tween said second
splitter- congétﬁg?ﬁ gngg%%?xg%@éeggctﬁ@%&%_aﬁ@%@hgxg%%e?)gt us of claim11l, further
conpri sing anot her data drop/add

' 12.  The apparatus of claim 11, further comprising another data drop/add

device communicatively coupled to said third splitter-combiner.

13.  The apparatus of claim 8, wherein said communications link includes an
optical fiber coupled between said first splitter-combiner and said headend, said
first signal splitter includes an optical beam splitter and said first signal

combiner includes an optical beam combiner.

14.  The apparatus of claim 8, wherein said communications link includes a
coaxial cable coupled between said first splitter-combiner and said headend,
said first signal splitter includes an electrical splitter circuit and said first signal

combiner includes an electrical combiner circuit.

15. A method, comprising deploying a communication link, at least a
portion of which is protected against active equipment failure, that includes a
splitter-combiner communicatively coupled between a data drop/add device and

a headend.



devi ce communi catively coupled to said third splitter-conbiner. 13. The
apparatus of claim@8, wherein said communications |link includes an optical
fi ber couplgaghieisween said first splitter-conbiner and saipgtreadesd: said
first signal splitter includes an optiecal beamsplitter and said first
signal conbiner includes an optical beam conbi ner. 14. The apparat us of
claim8, wherein said comrunications link includes a coaxial cable coupled
between said first splitter-conbiner and said headend, said first signal

splitter includes. an electrical l.itter circuit and said first signal

conbi ner i ncllﬁ'des @ﬁ néﬁtg%({ ?fi'lcg%{fn ]zsgrﬁﬂi&}heérgogﬁppélﬂgts‘.”‘f ?‘gﬁa‘ge‘f)ld%ﬂ,‘ conpri sing
depl oyi ng a e¢efibihet fdin PBydakiatedd alshas tstate athoyplittecthbindd whed thePr Ot ect ed
agai nst active equi pnent failure, that includes a splitter-conbiner

comuni cat i vepip dep/pdddevice insemmunitatively dersoupldd drowi the sphitder-@mtesetend. WO
02/ 21736 PCT/ USO1/ 26692 -19 16. The nmethod of claim 15, further conprising
swtching said splitter- conbiner froma bypass state to a shunt state at a
splitter-conmhizner ThbedetkdtiEof dldina] 3ir op/ add device i s communicatively

de-coupled fromthe splitter-conbiner. 17. The nethod of claim 15, wherein
sai d splitter- contihgesin paid splittss-combineginpludepl i t t er conmuni cativel y coupl ed

to a headend input and Jcatively. coupled to, a str.eam out put; and
a signal combi ner comr&r%g(c?‘g{%@‘&e&%%ﬁgf(‘éa“Ye@V g%‘fpée%fogz}'ld}gqa e‘l‘{}‘f‘?‘l’ttaéﬁlﬂ,
comuni cat i vedimualeatiedy eodpleddsi d@ABtieBRWutprd ¥hdcomuni cati vel y. coupl ed

to a headend output, and wherein switching results froma conmmunicative

decoupl ing of said up3gtsigghedmhiner dorypunigdtivelyosoupteddamaidisignat . 18, The

met hod of cl gi 7 2] ai d nications link,includes.a pluralit

of drop/ add @el&e%’ecso i d{lgzitﬂelsy coupf:e(amonén up&ream mput, and commumcatlveljp y
coupled to a headend output, and

wherein switching results from a communicative decoupling of said

upstream input from said downstream output.

18.  The method of claim 17, wherein

said communications link includes a plurality of drop/add devices and
said splitter-combiner is communicatively coupled between a first of said
plurality of drop/add devices and a second of said plurality of drop/add devices,
and

said second of said plurality of drop/add devices is communicatively de-
coupled from said splitter-combiner, thereby communicatively decoupling said

upstream input from said downstream output.

19.  The method of claim 15, further comprising monitoring a switching state

of said splitter-combiner.

20.  The method of claim 19, further comprising reporting said switching

state to said headend.

21. The method of claim 20, further comprising recording said switching

state as diagnostic data.



said splitter-conbiner is communicatively coupled between a first of said
plurality of drop/add devices and a second of said plurality of drop/add
devi ces, way @ 3m9cd second of said plurality of drop/add dedeenihéss?
comuni catively de- coupled from sai dyeplitter-conbiner, thereby

comuni cati vely decoupling said wupstreaminput from said downstream
output. 19. The nethod of claim 15, further conprising nonitoring a
switching state of said splitter-conbiner. 20. The nethod of claim 19,
further conprising reporting said switching state to said headend. 21. The
met hod of claim 20, further conprising recording said switching state as

diagnostic dapa. W GRARBHICHIdR SRR B RBrising ek urink PreliiivBQtbag] Clai M
15, further conprising measuring a relative signal attenuatiorr between a
det ect ed bypaienustiombétwaenia detdeted bypass signalt arsli adentcte@Sunisignalet hod of clai m

22, -further conprising changing a split ratio of the splitter-conbiner.

23.  The method of claim 22, further comprising changing a split ratio of the

splitter-combiner.



