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NON- | NTRUSI VE EX& ON METHODS AND APPARATUS BACKGROUND OF THHEH/UINASHIZON
1. Field of the Invention The invention rél ates generally to the field of
communi cati on networks. Mre particularly, the invention relates to the
use of sputter conbiners in ring conmmunication networks. 2. Discussi-on of
the Rel ated Art- Comruni cati on nodes. are designed and used for point to
poi nt comruni cati ons over a network A conmuni cations node is a transmtting
and receiving (TX RX) source. Stringing a plurality of nodes together
into aring network is well known to-those skilled in the art of

comuni cations. Wiat_is also well known is that an interruption

i n- communi cat i on sefHAkER PRANEETEN ANDASOWEATERUSING EEPANSIORD! | nst ance,
a conventional ring network i 1 Where a physical bus -
logical ring is depicted wt hﬁ&%‘gg’@@ ARAJUS30 comuni cati vel y
coupled to a headend. Each of the nodes 110- 130 |ncI udes a data drop/add
devi ce 125. Node 110 is physically-connected to node 120 wi.ith a pair of
optical fibers 140. Node 1BACKGROENRORTEBRIEENTORPde 130 with a

further pair of opﬁlcalgt Iitiers 150. FIG 1 indicates by dashed line .
segnents that additiondl® 6’@&1?%9”5@1 posi ti oned between. nodes 120 and

130. Anot her insta rk is shown in FIG 4,
where'a ring archi ?gg%ﬂega?gpggﬁygé%e&% %’Eﬁgrﬁ]i@mﬁ%@@u&mﬁmww@m
conmmuni cat i véVigreparpteldrly otha Mwﬁ@ﬂ@elat%% 8 B Ese &%gg %ngmggqg 410- 430

i ncl udes t-he data dropl add device' 125. However 'S phy lIngal |y
connect ed t o SRBYRUEH QY RHWRIIES. ngl e optical fi ber 440. Similarly, node 430

: ?\dl (r:)g%/zlscal l'y -coypl edEtls%ugﬁggoflélO Ix\élatedml ngl e optical fiber 450. FIG 4 .

Commumcatlon nodes are designed and used for point to pomt
commumcatlons over a network. A communications node is a transrmttmg and
recemng (TX/RX) source. _

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

, For instance, a conventional ring network is shown in FIG. 1, where a
‘- physwai bus logical ring is depicted with three nodes 1 10; 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 optxcal fibers 140. Node 120 is physmally coupled to node 130 witha
further palr of optical fibers 150. FIG. 1 mchcates by dashed line segments that
_ addltlonal nodes may be posntloned between nodes 120 and 130.

Another ins_tance ofa conventional ring network is shdﬁrn 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. ¥IG. 4 indicates



VD 02/ 21737 2,49 Jyly 2004 PCT/ USO1/26693 by dashed |ine segnedty Pkt
additional n f/ be positioned along fiber 450 between noRlERUERARG6sH
430. A di sadvantage of either of the instatces shown in FIGS. 1 and 4 is
that -a break one of the optical fiber lines. can prevent all of the nodes
from bidirectionally communicating with the headend. Therefore, what is
‘required is solution that provides the network with at | east sone ’

protection in %@@@H&m' 9 b R e fiber.lines e approach
to providing some prot enét%%%n?rﬁgﬁﬁgatﬁe@%ﬁ%%gghgg%ngﬁﬂoﬁm(’&ﬁga_{wgt fibers
in the past hagtSPdetween nodesd@0 anti@3podes together with - redundant parall el
fibers. A break in one _fiber can_then be overconme through the'use of a
paral | el redundant fouksadvepaes ef either of Hedustaneegehofvntih FIGSppraadhs s
been rel ativel | .. Therefore.. what is alsg needed _ is a solution
that provi deslésﬂgbn%b%l?%?%@teio c?elrfﬁ:leﬁ DEY AR Preveny off gfdhe ppdesdiom a nore
cost - ef f ect i ve bidiRstfiohally\behhfmidatiap ' IS | ogy. :has been t hat
expansi on of a ring network reauir ?ﬁ@%gj??%%dl g%g%?&gbﬁ%ﬁf%%mﬁ 18
servi ces. Addi sglutiondbiat provideethemietgorkewith eeleadtRoinelpiBietiig i he ¥ BKEsFa At

| east tenporarily,'. .so that fhe new node can.be inserted into the ring.

This break in k}ﬁ%‘krlpr?&?@g?lhepﬁ%é}ﬂesal | of the nodes from.bidirectionally

com’runicating'vvithtdjll(;\e jnstal l.ati.on -is ¢ lete. In

many conmercial setti ng%@gﬁiﬂogj}{ﬂg%gﬁgﬁf Il”ﬁ%é’b?ﬁb‘?ﬁﬁ?"teﬁt ?ﬁ%ng n

addi ti onal nodenebﬁﬂwﬁmemmlpastiﬁla%eﬁw&m%ﬁheinadéé&ge{h%g%ed Is a
In

solution that ‘g@(@;‘g\ ts the network to be expanded w thout errupting
conmmuni cation T artcparailed dihers. ph bisalirin wine fibehcan thenha@veg}pnkmrdi?n
;

failure of actjy . ' t _al an he ting. 1f gne, of -the data drop/. add
devi ces. fail st B HRdE! ﬁ%‘ﬁ’é@a%a{#eﬁe G Yeh ot BR8P of Hide eprnash y
comruni cati ng hag %@h&laﬁ@é@%?héc&h%ﬁﬁé&; wWIRALK alsd el fsegéglﬁt?gn {h%t a

solution that provides protection in .
' prqudes some protection in the event of a fiber break in a more cost-effective

Imanner.

o Another problem with this technology has been that expzinsion ofa nng
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 in.se,rte;l into the nng This break in the ring can prevent all of the nodes
from bidirectionally communicating with-the headend until the installation is
ngmplete. In many commercial settings, such a temporary interruption to install
additional nodes is unacceptable. Therefore, what is also ;equiréd is a solution
that penpits the network to be expanded without iﬁten'upting comumcation
service. : ,

Another problem with this technology has been failuré.qf active
N .equipment along the ring. If one of the data drop/add devices. fails, al‘l of the
- nodes can be prevented from bidirectionally communicating with the headend.
Therefore, what is also required ié a solution that proﬁdes protection in the
event of active equipment failure,
Heretofore, the requirement(s) of protection in the event of 2 line break
expandability withcn}t interruption, and protection in the event of active

equipment fajlure, referred to above have not been fully met. What is needed is




event of active equipnent failure. Heretofore, the requirerne*ntl?‘snjlyg(l-;o4
protection in the event of a line break, expandability w thout
interruption, and protection in the event of active equipnment failure,
referred to above have not been fully net. What is needed is 19 July 2004
WO 02/ 21737 R 6%?9% 26693 3 a solution that addresses at |east one, and
preferably al'l; hese requi rements. The invention is BCTAENELE630
meeting these requirenments, anmong otheérs. SUMVARY OF THE | NVENTI ON A goa

of the inventi Cfn.i S to%f' mul t aneously satisfy the above-di scussed
requi r ement <& UL (gt dé‘?%?%%?tl?@h(m% apd prefoiahly all, of thesecequitenients. The

expandabi | i tyy, | | ' Lhterruption, and network protection
in the event1 X ﬂﬂa‘;é‘tq?\l‘/ﬁere‘(}tggg‘}’lg{ﬁ%ﬁ@é@%?‘?teﬁé‘%&meﬁ .;,alinﬂngﬁ hse of the pri or
art, are not satisfied, nmuch |l ess simnultaneously satisfied. Another goal
of the invention is to satisfying one or two of these requirenents. One

enbodi nent of the invention i U‘Mﬁ@q} ! onprising, a first
splitter-conbiner coupleable ?Q a ea‘ggllﬁ?‘Wﬁi@ngl i tter-comnbiner
including, a firstAsioghef thefhvdntion iCRERANIEMINE! KtiSBURL B0t RdBeissEFt

headend i nput and communicatively coupled to a first downstream out put,
and a first TSHgHaPentspbpefaork peresitndatthe event ofapinedreak, sapahdabilgy si gnal

| i ' ' I i vel led.to.a first t,
hput, and comtireBpRJPion SRFRHPGE el kiBafenot stie s SR eocond

spl i tt er - corduiiBhic FAMMBIVEAER U8 ke SRYRFBRD)Sord £t, a}{ﬁ‘o fdafiSkied, much less
splitter-conbiner, said second splitter-conber I'ncluding, a’second signal

splitter corsirunltaraousky satisied Aatther goat of thednhestibenid to sgtisfyiagdne or two of
conmmuni cat i gl coupl eg to a second downstream output, and a second signal
conbi ner c&ﬁ?%ﬁ?%lﬁt § coupled to said second signal splitter via a

second shunt, conDHakRBbHMEY of fi¢AheshtR 8 ba&M RANChHB; rgan
conmmuni cati\rﬁei_llilﬁéﬁ.%uakl:ed .to alg)jﬁeai)?nd headend out put, "Wherei'n the i f St
splitter corbFiplitieiremhiver €9 st headend saidotinst spliftesconthines ingladinghe
second headerfisi sighal BPHACHNME Y aGRIP E&EhE ' r.§gm i nput and
t he second headen%ﬁi Egﬁt S comrlu?]i cati @gi %/@E(%)%gf%g&%gnfiﬁgﬁ#iaggt
communicatively coupled to a first downstréam output, and a first signal combiner

communicatively coupled to said first signal splitter via a first shunt,

communicatively coupled to a first upstream input, and communicatively coupled to
a first headend output, and a second splitter-combiner communicatively coupleable to
the first splitter-combiner, said second splitter-comber including, a second signal
splitter communicatively coupled to a second headend input and communicatively
coupled to a second downstream output, and a second signal combiner
communicatively coupled to said second signal splitter via a second shunt,
communicatively coupled to a second upstream input, and communicatively coupled
to a second headend output, wherein the first splitter combiner switches from a shut
state to a bypass state when the second headend is communicatively coupled to the first
upstream input and the second headend input is bommunicatively coupled to the first
downstream output, signals from the first headend input switched to the second headend
input and signals from the second headend output switched to the first headend oufput
and wherein the first splitter combiner is then switchable back to the shut state from the
bypass state when the either the second headend output is communicatively decoupled



downstream out put, signals fromthe first headend input sw t chREY 8%he
second headend input and signals fromthe second headend output sw tched
to the first headend output and wherein the first splitter conbiner is
then switchable back to the shut state fromthe bypass state when the

ei ther the s%%g?dend out put i s conmunicatively decoupled 19 July 2004
WD 02/ 21737 126693 4 fromthe first upstream i nputCEPSE693econd
headend i nput is comunicatively decaupled fromthe first downstream
output, signals fromthe first headend input switched to the first headend
out put via the shunt. Another enbodi nent of the invention is based on a

met hod,  CoNMmdsi tanl ey . . TR > .
expansion capabilit vs\gg%ﬂeiiﬂ%llﬁagpl oyléur?ﬁa?lﬁc| uﬁ?@%%’%ﬁpfﬁ%*a @idrégé’ﬁﬁed
spl i tt er - corfBmdie s davasBram outpat, signalddrom thedirst headent! inmit switcheddothis ner

headend | npaeadert dHitc i lte chhe, ST iflodtont of BRIMEHoA Bfst Bt
and a first methediicoapnibingdeplopimguartioprminiedtjons dinful veith ta-mausivé expminsishgnal
splitter i il I, ] ' ivaly ¢ I to a.first upstream
i nput, and %%%%V@%{ %g%b%%gﬁ%@d eg,?rg%@rﬁlgsggg%mngt{}?gﬁopplﬁ%g R ng a
second spl i theadendosaid first splittermombinat inchedingc o first sighdleplittertcbambvirictively

P anal spi PPl b B nERERT e oo somaleH b B S Bt atand
corrngyni cati wtgqt,can;i_[aliﬁft signahccﬁﬁbll d'ﬂfld:oﬂﬁmm_ 'édt'ﬁfemdd@upl@dlt? smﬁ;s?figﬁggﬁgtt&i gnal
conbi ner conmunicatd v coupled to said second signal splittér via a
second shuntﬁlaalégmﬂﬁ?’fé %F‘%XS‘J&O eg&) %@é%ﬁ‘i@%ﬁ%@t}im i nput, and
ommunt cat | vely.  ho saond hasdond: o ot oy pup pidRiting & RROMIIA Sombiner -
the second ﬁ@ﬁ@ﬁ&c"‘#ﬁ%w)‘c‘%‘e etﬁ"e%ft?‘ia g‘fSt GMFP@QH%ebﬁﬁj&GF?Oﬂd\ﬁBE?@’rwmhm@t
splitter confulidingswetaiiasgdal gilitRr sémﬁmﬁicaﬁ@lﬂl& SouiplMBaSeectidalcRdMAG At h e

second headend output s commynjcatively coupled'to the first upstream
i nput and t (8 C%E@H&aﬂﬁ%lﬂégﬁ @&SCF%?%@W Enonipst.pnd eaptoad signat he first
downst r eam euinBiter céthaRalcativdly ecsﬁﬁlé@mfshfd%bc&ﬁ%ﬁ’g%ﬂfpl big SWbLdHaGHuh© the
second headend i nput, %nd signals fromthe second hea ena out put sw t ched
to the firsCONBERGVEHCAMICAIRE sasendipsiiena pputsndgpmnpunicativelyreoiipled to 8
then swi t chglloadnasdent Quiph® 288 Wbuptn@lcBnfin @it
either the second he_adegr%jgl “out pu‘%ﬁi con’rrl}ijjﬁriﬁt ca?y\%?%%%%%%gﬁéd ottégtﬁhee
first upstr @&sfhupﬁfﬁq;n input and the second headend input to the first downstream output,
wherein first splitter combiner switches from a shut state to a bypass state when the
second headend output is communicatively coupled to the first upstream input and the
second headend input is communicatively coupled to the first downstream output, signals
from the first headend input switched to the second headend input and signals from the
second headend output switched to the first headend output and wherein the first splitter
combiner is then switchable back to the shut state from the bypass state when the either
the second headend output is communicatively decoupled from the first upstream input
or the second headend input is communicatively decoupled from the first downstream

output,



. . . . 19 July 2004
or the second headend input is comunicatively decoupl ed fron1tﬂ%y%|rst

downstream output, 19 July 2004 WO 02/21737 PCT/ US01l/ 26693 4a signals
fromthe first headend input switched to the first headend output via the
shunt. These, and other goals and enbodi ments of the invention will be
better appreciated and understood when considered in conjunction with the
follow ng description and the acconpanying drawings. |t should be

under st ood, ywowsyes7 that the follow ng description, whilg-ipgiiRadehnd
preferred enbodi nents of the invention and nunerous specific &etalls
thereof, is given by way of illustratdeon and not of limtation. Many
changes and nodi fications nmay be made within the scope of the invention

w thout departing fromthe spirit thereof, and the invention includes al
such nodi fi sEmasiEm We fogyiradad ispitewitthsd @D firsPRASD AutP6GES tHBRKEE,
DESCRI PTI ON OF THE DRAW NGS A cl ear conception of the advantages and
features constituting the invention, and of the conponents and operati on,
of nodel systens THesy @6tk kdhls éﬂdebmﬁbd%ﬁéﬂt%fth\é‘hﬁx}enﬁ&?wﬁ?})@?étf‘err eadily
apparent by referring . to . the exenplary and therefore nonlimting,
enbodinentsﬁ??ﬁﬁ@#ﬁé?@@“@ﬁmpﬁé“gﬁﬁﬁﬁﬁykﬂﬁtﬁﬁﬁﬁﬂwwm@yWEbﬁuﬁbﬂmwwﬁg a part of
thi s speci f idegdd | h K& e | in
nore t han oneﬁ%gga?a%@g%gﬁg¥gﬁﬁﬁg@§gﬁgﬁ%§rFgﬁgﬁ?%E?ﬁ%%ﬁéb%g&§%¥ggﬁgﬁ%? t he
features il Kolawing descriptiomevhilednslioefingnreferrod embodiseeats dfhe gventiontandscal e.

g cal 11 n ik et I e Y e or VLB bR Blon b dlion,

schemati c viN&nyothangespng snasificabioss may §e omade within thietsbopeafdie inveteionwithodes a
splitter-copi ' ' ' ' t.eGt i Qny .and/ or. non-i ntrusive
et B CARLBERAE 8 Mo LR B0 R

expansi on, representing I'nv



FIG 3 iIItjs éxt(]%zl%he physi cal bus, | ogi éal ring of FIG 2 aflgéthllytzﬂ(()a4 non-
I ntrusive ad i f a fourth node havi ng a splitter-conbi nerBCT/US01/26693

representing an enbodiment- of the invention. FIG 4 illustrates a
schematic view of a conventional ring architecture, appropriately |abeled
"PRIOR ART". FIG 5 illustrates a schematic view of a ring architecture

wi th each nede including a splitter-conbiner, which can provide active
1St Tat o6 more det ai | oo LR avary Rk T S TE SR AWEHS “Gepi ci e in
Cchomati ¢/ vi ow of & phyal cal bae” o oo meges Sid et COHEAENE cach A D
node i ncl udi ng WYRE8B] 4nd efithe sotiposents aad bperatiombf motieleystomis prooided evigct i ve
caul DIENG P oL oS Lo AIAGESI] S LD, ol plovl e, ber piotect fon,
PREFERRED ENBODI Moo ha e Roddimerte bt e vt

advant ageous déceimpanyiy anf forming £ paitaifdes sperifeatish! Whiteilike fEEEAGE t O
the nonlimti ng enbodi&ﬁnt s that are illustrated in the acconpanyi ng
drawi ngs and dEPaRPtEE (htheracew inangreghariensviey) designrte frecfame patts, It

enbodi nents. DggGiiiBLI I kno 0 nent rid processing, |
t échni ques .are 0rlna.te%gg&?gﬂétsﬁ(g%at'tlr(?sm%g@g%ggiﬁq’é-r & noh Eecessidnt i on
in detail. Thedrawi®xdcaf the invention includes comrunication networKks.

Expected applications include physical bus, logical rings. Expected
applications al so i AdGuddllvsiragescs sthiematic wievsof 7 benventiondliphysizahbusnc! ude

placing a spli in the transpitiing.path of a node and another splitter
in the receivi Ino ?%aé go?PRfRBﬁ%tﬁﬁ?e‘ahﬂa@:BﬁiﬁBh%R’gase, of : '
o _ : FIG. 2 illustrates a schematic view of a physical bus, logical ring with

1

each node includes a splitter-combiner which can provide fiber protection
and/or non-intrusive lexpansion,' 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 spIitter—rcombiner, represénting an
embodiment-of the invention.

FIG. 4 illustrates a schéma_tic 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 “I"RIOR ART." |

- FIG. 7 illustrates a schematic view of a physical bus, logical ring
 architecture with each AD node including two splitter-combiners, a first of

which can provide active équipment protection and a éecond of v'vhich caﬁ |
provide ﬁbe; protection and/or non-intrusive expansidn, represénting a

combined embodiment of the invention.



. . . . . 1
optical si gn%ozw)% #%I ng, the -sputters can be readily comrerc?gtlllli”;%004
avai l abl e fi ber Jp c tap couplers. In the case of el ectrical PCl/fAeI26693

splitting, the splitters can be sinple Yftranches. In either case, two of
the splitters can be coupled together to conpose a splitter-conbiner. In
this coupled configuration one of the splitters functions as a conbi ner.

The splitter-conbiner in-turn defines a shunt and. a bypass. By providing

signal s conbined from t hegYRASHIN Rg?;,g' Rt lmetely 10dB to

approxi mately 20dB relative to s%lga s?co | ne?mb%@fém, a

sw t chi ng functi onalfheynvensioprandithe gtatiovud emsey ziﬂdtﬁ%raﬁt@g@&fke&c?taﬂsfth&ebfi gnal-
e .

I s present on -the b{a?as , this bypass 'signal will be deTecte I'f no signal
(or only a ver 8RR mare fully itk sefarense ta the nopfiassng embodimetts thagae!

will be detec : AR 19) nt. to, appreci ate that sigpals_being :
transnitted al gﬁgnﬁeﬁéﬁ gl}?u%8g'&)§n%\9§r%&%(§n@>¢e@§&é‘! efellpying ansni t t ed
al ong the bypadescripfion BEpref@t&T e@bSdiRIESE i at. .conpose the
splitter-conbiner I(3an b'epo'pt ical in 1t he .(';'%eésecﬁg pg%%%@%&b%&%ﬁﬁ%%i ons
net wor k. Al t er #2d prpeessing tiechns ques dretoaritted am abaot teleekedssailyighstfie tease of
an el ectrical comunicati-ans network. Further, these spl agt_e‘rs coul d even
be vi brat i onal TV -of an acoustical comunications network O her

types of splitters aqulaubes seedimBARAAITAL don . 004, POT] USDL) 26693

Preferred enbodi nents of the 1 nvention can use r-
corbi ner. | n tBepactesimpplicatiomsintlade phesivaltos, RgRAs finye EQ{,/' der conbi ner
can, include two_ fi ber@ig)t,i c, couplers, The use of a passive :

sp,l,itt_er-corrbi?ﬂ?i]“"t’:té)‘_?ﬂ’S mﬁhidﬁﬂ%ﬂféhﬁ%ws There is no need for = :
mechani cal or el eCt'i‘h@ﬂ-lve@%ﬁ %'{'r%me}l%iﬁé}aéaﬁﬁeﬁﬁe %fﬁg{ﬁrfgiaul t .deg)gct i on.

There is no need for nonitoring, §at o an

oL L, oL conehams soosp s horsahdn per Safi ot Y BB, T
fail'ure of si diRdicakendspliging theeplitiprsrcamtmphdily commerdialphywilaBie GHMS,
qptic tap couplers. In the case of eiectrica! signal splitting, the splitters can be
simple Y branches. In either case, twopf the splitters can _be‘boupléd together
to compose a splitter-combiner. In this coupled configuration one of the
splitters funéﬁons as a combiner, The splitter-cbmbiner in-turn defines a shunt
. and a bypass. , o
By providing signals combined from the bypass with a gain of from
approximately 10dB to approximately 20dB relative to signals co'mbinedr 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 p-resent on the bypass, the shunt signal will be
| detected. 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 si:litters canbe
electrical in the case of an electrical communications network. Further, these
splitters could evén b'e vibrational in the case of an acoustical communications

network. Other types of splitters could be used.



| ogi cal ring,,each_node can be provided with a splitter-conbi rllglhflyizqma
si'gnal conng’cq%zﬂrﬂi ne fails, the splitter-conbiner that is RXIUSHmdsEyE
the failed line will" switch to detecting7signals fromthe shunt: In this
way, -at |east part of the network can be protected fromthe affect of the
failed lLine- This can be termed- fiber protection. The splitter-conbiners
do not .have to be located in the sane chassis as the data drop/add

. conbiners can be |ocated

devices, or even th . The li.tt e I

i n- bet ween nades. P?é er r%gﬁgﬁg{%ﬁfrﬁ%ﬂf eé?velnh@lF?R/E?ﬁ"i‘BﬂSSHéf‘eSPémef"passi ve.
splitter-conmbi cmnbiteri betht easdofiin $HR2CAFIRE ' .t he
failed line. Referring to FIG 2, éh%ﬁysi ca&%@%?%gl%%P%gﬁ%?gaﬁepi cted
with a first Weheedwo fiber sptionaupiee TH2@isanta patshier hlineecRBiher 855frOf

whi ch i ncl udes a. (1?{?%1 dr op@g}%d device 125. FIG 2 indicates by dashed |ine
segnents that “ENAFEBHEFN §ew%@dé‘%mﬁﬂ@ﬁw1 peeleteisahoiéchi®20 and
230. A spli tt eThgerhd8Ed2RP £+, d~mthin e f _the nodes, 210- 230.
Each of the splitter- corﬁ)i_%grf_‘%lﬁtZ %{gﬁ% U e‘%gigmsoi%ﬁglf‘g’émome‘?’é‘?g'ﬁ’bﬂ&ﬁae a

signal  combi niswepZompsments bempareditd an woies device! AHerdis b tW8ch to £ -
splitter-conbi.per i.n the - second node 220). The signal “conbi ner- 51'}'0 S
communi cat i veIﬁ%ﬁW%W@l{lﬁgm%i gnal splitter 260. Each of the signal
splitters 260 is coppipieatd . led to a headend .input 262 (see the
detai | nunbers relati nié]lfvlg.:3 gﬁél%gé%/lln%ﬁ%% pr'ieFtﬁge?tq?arfgflﬁ’an‘Pﬂ? RIYEOHO July

2004 WO 02/ 21 %ERCRIEOs! 3668 %0330 onHRkE. Fbr 6%&9%2%%5(@*@%@ i5s 260 18

communi cati vel g coupled to a downstream out put EF’gnaI
conbi ners 270 lPgicalying srelnodesan beoproisigdtwitheasplittesicoesbinern Y sigda? (see the
det-ai | nunber Al Q.1 signal canbiner .in the third node 230).
Each of the s%&%g%&%éq |enf§1|1§’q§?5pl er'c‘i?ﬁﬁ%ﬁ”ﬁf tity By redating the failed ling willadend.
out put 274. Thevifhtib deREARE SichIR iR HES AL t QuLiput, 264 and the
upstream i nput 272 can be%e?hmd a bypass.n'?ﬁ?g%g’rétggﬁypafﬁi%l ly "a
shorter ~ network can be protected from the affect of the failed line. This can be termed:

fibér protection.
~ The splitter-combiners do not have to be located in the same chassis as

the data drop/add devices, or even the same nodes. The splitter combiners éan
be located in-between nodes. Preferred embodiments of the inventidn-use a
passive- splittef—gémbiner device to shunt the communicﬁtions route around the
failed line. |

Referring to FIG. é, a physical bus, logibal ring is depicted with a first
node 210, a second node 220 and a third node 236, each of which iﬁcludes 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 nodles 210-230. -
Each of the splitter-combiners 250 includes a signai splitter 260 andla signal
combiner 270 (see the detail numbers relating to the splitter-combiner in the
second node 220). The signal combiner 276 is conlmunicativeiy cou-pled to the
signal splitter 260. - -

Each of the signal splitters 260 is communicatively coupled to a headend

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



t&ﬁa%{,lgnal splitter 250 and the signal conbiner l%gﬂy%%t% be

pat h, bet veeg, |

ternmed a shunt hi s enbodi nent, the data drop/add devi ce RBUSD1/2@EH
node is comunicatively coupled to the h&¢adend output 274 of the
correspondi ng signal conbiner 270. Data flowis fromthe signal conbiner
to the data drop/add device. By providing the third node 230 with its

splitter-conbiner, an inportant .expansion feature is enabled. The

addi tion of anpg)emrarp %1%?? | 230 ]l .be di scussed bel ow in
more detai’l vvithd)r egar g?zdil)- _ Sﬁﬁﬁ#ggeﬁgs%%w&?c@éﬁdyr?E’PH% @ddi ng a node
to a .network Mmd:mpwz&pti ng service to other nodes on the network.
For exanple, given a physical bus, logical ring, the last (term nal) node

on the bus can -be pEael aktde signehcembiperst2ris combiurdeativeBit cotpldd dotird | 2l | Y
detect signal t. t. The . addi-tional node would then be connected
to the splitt ?ﬁ%@%&i‘ﬂﬁ?‘%eﬂ @ad%e‘fﬁl bexs srlatips fodthe sigmabeombisentihe |
terninal” node thitd nbde RBYSI €Al siph @ G Min &/ .HJpon _connectj ng the -
addi tional node, the spl _?t t er_%%ﬁl#g@%o%%\%%ﬂfﬁg%gg?l %’”t"'e(?amvﬁféw%ﬁ@g‘él will
switch to det deeihegdendyoutpst 274mt he bypass. This can be termed

mon-i ntrusive expanﬂ'lon. above, the splitter-conbiners do not have to be
located in the sane' ¢P84eannsstiondetveen the dorastiean vules 26drndvin the sane

des. Pref ' t ' ti [ pl i tt
Contbi ner devi CRoreRf B0l an 8 Lbed LU, olpe et pBE: Beicauin a thorena
node. r’' 19 Julpatl2betvasd 62 sighdBsplidePE50 h&@ﬁ(e?sﬁgﬁ%ﬁcﬁ%gfef bBg Ggﬂl?gée%!}?? a
add devi ce ““Tias been

fourth node 340, which includes another ‘data drop
connected to @888k r d node 230. The si gnal conbiner in the fourth node

340 i s comuni cati vwely:.~cannected to. the upstream input of the third node
2-30. Simlarly, t\r@t}siﬁsgeﬁfgﬁor&eyﬁ}?’iﬂt fll?rda&"’ngicwzadtﬂcffﬂ’t% I8 eaglpnode is ,

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. S _ '
| 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 éxampié, givena -
Physical bus, logical ring, the last (términal) node on the bus can be provided
with a splitter-combiner that will initially detect signals- from the shut. The
additional node wpuld then be connected to the sbﬁtter~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 Iocated in the same
chassis as the data.drop/add devices, or even the same nodes, Preferred
embodiments of the invention use 2 passive splitter-combiner device to bypass

the communications route to the new terminal node.,
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I's communi catlv&_l&viaqconnect ed to the downstream out put of the t%l‘h}lﬁz%ood'de

230. O cour %@ %ional nodes may be added to the fourth nedetdd¢Di6c8y
providing the fourth node 340 with its spyitter-conbiner, the feature of
non- intrusive expansion is still-enabled. The invention can include
protecting at |least a portion of a ring network against failure of active
equi pnent. ' For exanple, an active equi pnent device can be isolated from

the rest -of the net Wkl Woll e Ro wi t.h, whi.c t he .active device
i s associ ated rl\“ h a ségfl?gt‘cg?ﬁgo%lr}ﬁgﬁﬂnfjae S%% Whhwl iggether dptas . t he ‘
associ at ed spl fixopéaddainviverias, had Bees WohsdbtdProdts B6Ld ?gfb sPpDLsignal
t her eby bypassing the fail ed device. This can be telgl‘:rgfdeﬁI actl vegléﬁéﬂi pnment

pr:_)ft ection, nbA W,n%ﬂnt'flliéé‘@}!ﬂh tlodﬁa3rﬂd Udacgmmnd ; i GRjieve l}&dﬁmeﬁt@fi!t@ﬂfé@shﬁb&n
splitter conbi § ‘ .0 evi ces, . the splitter-conbiners
do- not have toﬁﬁ[%@‘%%g’i‘ lééd]g?‘ﬂea%ﬁ)e %H%%é’hﬁ?ssil@ gplitts ig shefopribmodd346evi ces
or even the saR®omesEsatived ' eedﬂ(?hﬁ f g f.0 er of
reasons, notably power a%ﬁﬁ?@@g’?g‘?g‘rre e%%%i,oﬁrlgﬁfts&%ewgﬁ?%g?on use

a passive splitter - ©O8eburseradditionabrodes mdyin added t6 SEEMCEAIdAR S0 BYL ©
around t he- fairl e%iiac{hi \rﬁfe dﬁ\vige. Referri ng to FIG' 5, aring architecture
i s. shown witH' & Fistredguah sede34Qwith disspbiteroenynisiner, dbeifeaturt kifnonnode 530,
each of which jhpglivdes t: , device 125. FIG 5 indicates by ‘
dashed | i ne segnents t%%’fsg%dglsﬁlﬁgﬁ%ﬁg%odes. may be positioned between nodes
520 and 530. |n thi Sheivediio®ain inthde $adtacteion] M eﬁgﬁn f gach node
i s . communi cat | velg coupl ed to the upgﬁ eamﬁpﬁ#%?gi%@? e cgin?tg%oﬁgndi ng
si.gnal  conbi fERISTEIluT el arive eavippreat Fodeyample] 26 acivesaglipmesteddviceal SO

comuni cat i velyq! ed ream ou put - 264 of the correspondi ng
si gnal spli ttecﬁngggglﬁgwg?ﬁ?%%%w&wgﬁﬂ E‘f‘f“i‘&&t@i@@@ﬁ withldtht he 19
July 2004 WO B¢ a&RRdREH ibSbeRGSORith & ﬁﬁm ' ignal splitter 260
to the data drop/add devi cle 125 and the%p%ér% e g%lsp?etﬁa%%hvﬁ 2 of the

cor r espondi _ng_f i %Y Hig asseeibied splitgrocombiner will switch to detecting the shunt signal,
thereby byp‘ass_ing the failed device. This can be termed active equipmeht
protection. ‘ | '

Again, although it can be advantageous to co-locate the splitter-
‘combiners with the data drop/add dévices, the splitter-combiners ddnot have to
be located in the same chassis as the data drop/add devices or even the same
nodes. -Since active equipment can fail fora numbe} of réasons, 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.'S, a ring architecmrc is shown with 'a ﬁrst node 510, a
second node 520 and-a third .n_olde 530, each of which includes a data drop/add
device 125. FIG. 5 indicates by dashed line segments that additional nodes may
be positioned between nodes 520 and 530, | |

In.th_is embodiment, the data drop/add device 125 of each node is
communicatively coupled to the upstream ini)l_lt 272 of ;the correspondiﬁg 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, Drata flow is from the downstream output 264 of the



Referring now:.to FI G 6, the data drop/add device 125 is depi ct eo’ly2004
nore det ai | el MHE The data drop/ add device 125 incl udes anPG’prS&ﬂaM@s
receiver 610 (ORX). The optical receiver &0 can be an

optical -to-electronic transducer such. as a charge-coupl ed, device.
Electrical circuit 620 is coupled to the optical-receiver 610. An optical
transmitter 620 (OIX) is coupled to the <circuit 620. The optical

transmitter cap h a

i ode. The i mecat s Bt Rt SELd AL BOBhE Bite OPRAY BBVine 145 Gndtguto
protection, nonpﬂretanumpﬂezezl@ﬁﬂﬁ Qirespoifg sipgahl ¥SmEigY¥s §gp Prot ection. To
conbi ne these functionalities, two of the. splitter-conbiners can be joined

together to form c Sraferniag WtQ:EIGKg&hmdatpdm;dadcéde‘au@d)ﬁi isdepicted id he
I nvention use litter- ver ects of the
i nventi on can E‘??%@%@m‘*@& ’{/m %\9@’@%&) FHET 1%% i anagpdfcak ring to
FIG 7, a physidalvebs$o (DRSLC Téiefk%icﬁl Reeh et ffbmﬁéﬁﬁ %B*;ﬁegaé gof‘?d r10, a

second node 720 and a third no each o I'hc drop

add devi ce 125tramfducetswd asaddiatgesemipleddelése. MBlechival @@@hﬁ&@%a&?[bdttge
depi ct ed nodes: hi s, enbodl rrent . each of the nodes includ

splitter-canbef® C’PE'S@It reggiven o). qpﬁ‘éalﬁé@tﬁéhﬁeb@ﬂb(ﬁl‘@m m‘upﬂehietofthest
both of the fearuit 820 he Eéﬁ&mﬂ*‘ﬁ:%ﬁnﬁﬁangiﬁq RSP B BB on

=~}

bot h of the features of
are-enabl ed. Bsudhrae\g disarglibde th| rd” node 730 with its spl I tter-conbiner,

the feature-of non-intrusive expansion is enabled.. The invention can-al so
be included in a IairhemﬂéemlioﬂC@aralaonubludecembmmgrwoaalrhnore@fﬂblae conponent s

that. conpose nventi o More specific the kit can include the
splitter- corrblé%j?)&ee Hﬂ %?rhérﬂn%‘f?pw P11 q’F ctiyg shevicgprotesigon.kile can al so

| ncl ude a spl | @bing SR TRRGicHABH RRICEhd BicPldcRliihdrk By GXiGhLAO nodes

with the invention. -The kit can contain a cdnputer program can
al so contai n itegethactd fomm 4 compined tlevicag Again, ippefented embadinangaradls f or
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carrying U'n¥en2tzon use pasgilve spli tter~coml%ijners owever, all aspects of the i invention

can be implemented with active splitter-combiners.
 Referring to FIG. 7, 2 physwal bus, logic rmg is depxcted with a first

node 710, a second node 720 and athird 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 2‘74 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-mtmswe expansion is
enabled

The invention can also be includedin 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 program. The kit can

also contain instructions for practicing the invention and apparatus for carrying
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11 out the 'Wﬁ@fi(?% Unl ess ot herw se specified, the conponents {an
apparatus an o structions) of the kit can be the sane as BHISH12e€d in -
the invention. The invention can also utillize data processing nethods that
transform signals fromone state to another. For exanple, the invention
can be conbined wth instrunentation to obtain state variable information
on the detected. signal(s) to actuate interconnected discrete hardware

el enent’s. -For basthane@ntibiSUnleBY SibHHRe SHdbifi AL 8o BM R d f tching
state of the sputter-conbiners and reporting’thei rrﬂgt a%ngsr¢a§§t Q%ﬁé dend .
for recordat i oAnder Histiyelingts) of thetkat canFher thheame tah¢haseweed ihedavertivan

i ncl ude neasuring t rel ative signal_ attenuation between the bypass and

shunt to change t he ‘SHIYentQnicn gisoiize dgtarosessingapethodsthabtragifgmal
conbiners wthg; | | - [ tefractive,index,

devi ces, ther eﬁx}éﬁ:ﬂg\xﬁgﬁ ﬁgé gngeggtagg&%di gglr %%Z%Ean%’ﬁgegﬁﬁﬁ [V Rg© ?%&?Q :
operation whi tithshsmirhametiosioobrainrtas thngbls #itbimie oS dssasd ti vity to

meet t he needs .of 31 contingent switching event. The term approxi mately, as
used herein, i S288{s)tedacuatesptereamected diserate hardwiire elemeatsuFof imstance, the '

f bl 1t %..0f . .ef | 1t.hin 1% of , d t
el aby gl S B OR absin Jop apd” el
as connect ed, arad tepoitiy heik sﬁ@@ﬁﬁtﬁéhbﬁd@nﬁ'fﬁﬁ%&’daﬁ%ﬂ%ggéﬁan%tg:?ﬁﬁg.r 'y

mechani cally. _The term deploying, .as used herein, is as desi gni ng,
bui | di ng, . shi Bgithey, theiineandionicay everdirmiudepmesstiiing thd fulativer il QRERIBHOR
phrase conputer . pr.ogr.a as d herein, is defined as ‘a sequence of

i nstructions-d %t?"aﬁ'gglef a%@u@ﬁt% agze kit &tiasgisthe signal gpliteram nay

i nclude a subrgi#/bNGeona chBeler oW el e | ect thod. an obj ect
i npl enent ation, an eXecut abl e %*?%%%@%ﬁ%ﬁ#%?%@ggﬁﬁc&v? IIhda%ource
code, an obj ecdeviemiethemby/loweing detesedumisedrah the faint dotihe BSpARYpangEnf O
execution on a r 'system _ The, partjcul ar manufacturing process used

ut
for fabricati nﬁ’ﬁﬁ‘ﬁ taneeusly magpng suffelgntishvg sensitiyitnts meetahe needs of
reproduci bl'e. Comueil VRN litter- conbiner of the invention can be
Rt et

fabricated using a od to join two Y branches, either

optical or electricéhe tam dppeoxinteelpfiasaptd hislei 1 Q06MES 458t Teast clodPta a
couplers) it is preferred that the process be an optical butt splicing
gtven 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 neﬁessarily mecilanically.
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 execut’ioﬁ ona
computer system. A program may include a subroutine; a ﬁmctiéﬁ, 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 fabriéating the splitter-
combirier should be _inexpensive an(i reproducible. Conveniently, tﬁe 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 coui:o_lers) itis pre'ferred that the process be an optical butt splicing
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|

manuf act uri ng o ion, it is 'an advantage to enploy a Uv |BCIHEIS0&i36493g,
gui de tube_ techni que. However, the particlld ar. manufacturing process used
for fabricating the splitter-conbiner is not essential to the invention as
|l ong as it-provides the described functionality. Normally those who make
or use the invention will select the manufacturing process based upon

t ool i ng and engeENgh&dRi ; ] : ligation. requjre s of
the final prodaerardr ot SRl BRBRSLE: AR A BhaBR 10 Plflay bRt <.
Wi | e not bei nlgghitiouringdgmide amlye fpahudiipgell ar per f or mance i ndi cator or

di agnostic identifigr, preferred enbodi nents of the invention can be
identified one at got"?%‘ér:ﬂbe padicnleg mapplachying processaised fanbiicitmgtthsi gnal

strength diff: Lal d t of. the splitter-conbiner. At
Che: headend ooier SpoBind1Ep0FASERx Bt ihyeion S 1545 ot b REaviogs 18! i | ve
strength bet wedsscsbenflncibng GTF%}%SIISJ%HO&% Bt bf‘ﬂ%@e gﬁﬂ%&é@ﬂt@giﬁ)

u

entering the upstreaminput sl o e from approxim
appr oxi mat el y _@bﬁcﬁﬂ!@ mhapgfaghuringrrencess basedalpahitvelingdrndagify bauwesRnishe

signal s can be,achieved by.sel ecting the t coupling ratios “(split
ratios) of thgthg o ecgﬁﬁifqagpngwl{ngrgg Pﬁééfrﬂqu}éﬁt; anghthe demands efice i n
rel ative strengtlvean @ achi by adj usting the anplitude of
signals .enteri ng?t he hga gﬁﬁ“ﬁ% E(?éég%d the anplitude of signals entering

the upstream i nput Whileendtdeing limited beapf patoglar périsrmidnce iditarsi gnal
str.ength diffepenti al %n_ég carried out w thout undue experinentation. by
the. use of a WrgHsSEC WfptlieyRiskTedrambasiinents of thesinyentionecan becidpatifieent |,

descri hed by, et pAREY T A e R Relin et Sebpetcbironna

illustrate in adnehehdend butpudof ehesspliget-UbRbinef. At 8 KdaQ80¢ anpl es
are intended nerely to fac]itplu?t ate pgn under st andi ng ofa vvaygutpﬁp%tiﬁéh t he

i nvent i on. may SBEtR-aRmbines tha differenes intrelative sintreth betvecenfsigol(s) erteriaghe art -
to practice thg.joventd PPut 05§ glrgg[alf'sgle%terfng%he upstream 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 aohie\}ed by adjusting the amplitudé_ of signals
entering the headend input and the amplitude of signals entering the upstream
input. The test for the presence of sufficient signal strength differential can be |
carried out without upd,ue experimentation by the use ofa simple and
conventional signal strength meter experiment,
- Examples
Specific embodiments of the invention will now be further described by |

the following, nonlimiting ekamples which will serve to illustrate in some detail
various features of significance. The examples are intended merely to facilitate
‘an understanding of ways in which the invention lﬁay 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 -

r
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Exanple 1 19 4 - WD 02/21737 PCT/ US01/ 26693 13 A physi E&I/USHE26693
logical ring, can provide the fiber proteBtion and non- intrusive expansion
functionalities where each add/drop (Al D) node includes a

sputter-conbiner. The splitter-conbi ner can include a signal splitter where
approxi mately 5% of the signal energy is deflected to t he shunt and

appr oximat el y 95% ofA pligsicd 808! logRer Gl Ichn Brdvied i ARPBIAeLNG MinRss.
Suitable fiber optic couplers wth thi's oGtput port ratio are readily
comerci al |y HaishgpipatsiominctibkaRyesaniias cadinald/drop dAID) ©BGnalndéos

SMFC); and Al ol art . 945-271-C 100) ., The splitter-conbi ner can

i nctude a si grqgﬁ’tﬁ?%?ﬂ?%ﬁﬂ%g &ﬁ?rsé’hgﬁw‘éf?m’i‘ﬁ’f eAnyinglyde gsignabsplisiesivhsee si gnal
energy -i s deri yggoxfrh QK40 : | J %.of the conbi ned

si gnal energy ilgﬁél)eri ve fﬁ;g?h%%g%@%gg%@%géfg%@oﬁpgglﬁ&gﬁp c couplers
are readi |y coapmoxinadtbly 9584 af HedWigndl ensnod RSdiredted toeAed Brtweads. GulEle
Dynami cs, Inc. gm)dels SVBC and/_o%l SMEC); and Anphenol (pay?? Snos.:l

945- 130- 1000, 9HeL apfic cqypters wath. thisapipuiqort rete aneneadibocommesidliyl - 1000

d/ 945-172:- 1.1 ) A physi b j.cal i ovi d
the 11 ber prot Sriile SEHIRRIR BBk S matils SHAR: RBgioatrh as bher o
each add/ drop Aftghendb@Rrtinec busley IECI(?BJ %.Eg?%t?&mf%ynﬂﬁﬁer c-EH‘?ncludE{aé Fi%‘i‘oty of '

splitter-conbi ner can I nclude a signal “split ere appr oxi nma

t he si gnal enef@mbiner wltteappeokinatap 60%holthe aontbired pignal emdirgy Js ®9%eal t he
signal energy ks dhkrected toward the by S,...Suitable _fiber optic couplers:
are readily co %‘Félﬁ?& %’%fg?m%fsiﬁ@%t?l&ﬁ%%gffrhﬁt@m%em sighal eaergy inphenol

s g AN Yl eRffle ABACGHRARRNS ity &by

P45-171- 2000 and/ or 945-172-2000) e’s Iner - can
si gnal conbi nexvarlablecirem IDSFibalt(AIG)/S ari);E-THIe Dyasmicacthes (186&ls SWIRC QY i S
derived fromthe,sh and, appr.oxi mately -90% of the conbi ned
anct/or SUIFC)nd AR nenol (oart mos. 945-130-1000, 945-131-1000, 945-
132-1000, 945-170-1000, 945-171-1000 and/or 94.5-172—1000).

Example2

A physicé-l bus, logical ring, can provide the ﬁber protection and non-
intrusive expansion functionalities where each add/drop (A/D) node includes a
sjalitter—combiner. The splitter-combiner can include a signal splitter where
approximately 10%_ of the signal energy is deﬂécfed to the shunt and
approximately 90% of the signal energy is di;ect_gc_l toward the bypass. Suitable
fiber optic couplers are readily commercially available from'jDS Fitel (AC
Series); Amphenol (part hc_)s. 945-130-2000, 945-131-2000, 945;132-2000, 945-

- 170-2000, 945-171-2000 and/or 945-172-2000). The splitter-corubiner can
include a signal combiner where approximately 10% of the combined signal
energy is derived from the shunt, and approximately 90% of the combihed
signal energy is deﬁved from the bypass.

| - Exampie 3

The active equipment functionality can be provided by a ring
architecture where each add/drop (A/D)-node includes a spli&er—combiner. The
Splitter-pomﬁiner can include a signal splitter where approximately 10% of the

signal energy is deflected to the shunt and approximately 90% of the signal
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.signal ener derived fromthe bypass. Exanple 3 The actlvgehg a?oﬁ'rrent

| S
functional i tgy%%ﬁl?r’é’ .provided by a ring architecture where edsh/zddressap
(AI'D) node includes a splitter-conbiner. fkhe splitter-conbiner can include
a signal splitter where approxi mately' 10% of the r signal energy is
deflected to the shunt and approxi mately 90% of the signal 19 July 2004 WO
02/ 21737.. PCT/US01/ 26693 14 energy is directed toward the bypass. The

splitter-conbi - | i nbi ner wher e .appr oxi mat el.ly 10% of
the. combi ned < orgY PansREB AL eI ey IR HRTeciRb i REn RGa sied y
90% of the condunttdtersivheelappraimtass 108 $MBE chiBifd ﬁﬁgy slehcal
Applications of the Invent ngn A pra%t I cal apgl I cati %ﬁgr%?@t ilér?@%ﬁ{eflon t hat
has val ue wi t Hiemtheshurdcandoinpgoxinlately 96% of theeonbindddigusienerggpansi on of

communi cati on rKs uch as adding a data drop/add node to a | ogical
| oop. Further ,&ﬁggﬁ%mﬁma?‘% useful 'in conjunction with controlling the

spread of damage fromfail ur?rfgﬁcﬁﬁﬁ*ﬁéﬂ&gﬁﬁgg’?%@%@ﬁ conmmuni cat i ons

network (such as broken optical coaxi al cables), or
in conjunction wi t hAgoadtical bpplpatibe of fiecciadetion tharhgevduewithai fher e of -

acti've conponent.s ﬁsuc “as data drop/add nodes and/or repeaters), or the
like. There art€chpofqgical aptsiintemondlasiyeespansion abcommanication networks$, whi ch

d t be d ' : he; ,di scl d. di: t f, the i Nt i
described ner orgh AEdIAE & aaf) trob AR AR TbE b Bhem thsomventionss "
experi nent at i aefullid SenjaActidiewiiR Sbnt7Be 1AL %;ﬁ%d[ ¥ Hﬁnﬁ’%@ ﬁﬁﬁefa%lﬂ%’ eftion

bove, pratt e

contenpl ated by the inventors is discloSed I Ce 0

invention is ri§ssiVe aempenentisine commenivationghetwdrk (suchl astbeokepogizhbfigetsby
those skilled jn,the art that, t nventi'on 'nmay be practiced otherw se
than as speci fi° {'ﬂrlsﬁveﬁgé g?%%locaﬂgqs iqf 1m ﬁB?JUE‘k%?\‘bWé&‘ comtrofling the gprgad of
conponent s neelinfagh ¥t FHRREBF &&ivebdBifonents (such as data drbp/add nodes and/or
' repeaters), or the like. There are virtually innumerable uses f;3r the invention,
all of which need not be detailed h,eré. | |
Al the disclosed embodiments of the invention described herein can be
) ifealizgd and practiced without undue experimentation. Although the best mode
of catrying out the invention contemplated by the inventors is disclosed above;
practice pf the invention is not limited thereto. Accordingly, it will bé
flppreciated 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 con_ﬁguration, but could be assembled in virtually 'any configuration.
Further, the individual components rieed not be fabricated from the disclosed
matgr_ials, but could be fabricated from virtually any suitable materials, Further,
although the sPIitter_-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. Furtherfnore, 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.



. . . . . 19 July 2004 -
di scl osed co,ﬁ;d%?:{_ll on, but could, be assenbled in virtually any”

confi gurati on. her, the individual conponents need not bECHHISPIEP2A
fromthe disclosed materials, but could¥e fabricated fromvirtually any
suitable naterials. Further, although the splitter-conbiner described
herein can ‘be a physically separate nodule, it wll be manifest that the
splitter-conbiner may be integrated into the apparatus-wirth which it is
associ at ed. Fur t her Iwill beahbnif&e tRitsatipsesdahsRE Metin g gg‘gaures of each
di scl osed enbodi ment’ can be combined with, or substi tut,eél or, the

di scl osed el enéatrangamenteef inedeatufesafdhy invehidon diay beanadk withoa dwiitingexcept
where such el g ntt§ or. .t[ea ures afr?l rma%%l{,l .exclusive. 19 July 2004 WO
02/ 21737 PCT/ USHy198 8475t §80 Frong of the anderfing ivepiise congeph Ul intnended that
nodi fications [{leToTae] t 1.nvention may be-
made wi t hout dtg\e/?g?ligeﬁ?th?r om' ? ﬁgs g%lﬁ%}:fb%ﬁ% d.ng %%%e%?lgﬁsea@%&r | yi ng

i nventive concemivalérts cevernllendhddditivhs, hbdifieains, ehd rdRranpuaBhisOn as
defined by the appeﬁlﬁed clains_and their equivalents cover all such

addi ti ons, nodifi catfoReDen Ad claimg praneidadsisterpmatedas pacludidg ahernsphar-e not
to be interpr - 4571 11d) ns- pl-us- ..function.limtations, unless
such a lim taftaj?"l ggtl(?‘ghfg%%#léj%’t y?ggg%cfs]} &lﬂil‘ﬁnal!é% ot X?ﬁci‘f?‘ﬁjgf #§ e phrase
"means for." Eldedusgng tienpiesidrant -t ey LR j Fenty.ated by
t he appended subcl ai?r%._ 19 July Z%ISEB{/\DF% /%%@g%h%gdlgéﬁi/gf%gﬁs%b% ai ned
i s: PCT/ US01/ 256 ddierentmiechby thesanpendedsyhdaineg: . a first 'splitter-conbi ner
coupl eabl e to a headend, said first splitter-conbiner including: a first
signal splitter comunicatively coupled to.a first headend input and
comuni catively coupled to a first downstream output; and




a first signal conbiner comrunicatively coupled to said firstlgggﬁgwm

splitter via a first shunt, communicatively coupled to a first upstream

i nput, and comuni catively coupled to a first headend output; and a second
splitter-conbi ner communi catively coupleable to the first splitter-

conbi ner, said second splitter-conber including: a second signal splitter
comuni catively coupled to a second headend input and comruni catively
coupl ed to a sWEIREIEGwnst r eam out put 16 and a second si gn@ACTOSTI26633

comuni catively coupled to said second signal splitter via a second shunt,
comuni catively coupled to a second upstreaminput, and comunicatively
coupled to a second headend output, wherein the first splitter conbiner
switches froma shut state to a bypass_state when the second headend is
comuni catively coupled to the firsFlﬂB§$rean1input and the second headend
i nput i s comughgada@kyiscoupled to the first downstream output, signals
fromthe first headend input switched to the second headend i nput and
signals fromthe second headend output switched to the first headend

out put and 19 Vuly 200AnWpaedis2dhfphising PCT/ US01/ 26693 wherein the first
splitter conbiner is then smﬁ%phable ack to the shut state from the
bypass state when H& BriHepmpier couplenble i abendpnd, enit frstsplitercombine cat i vel y
decoupl ed frgﬁmmm%;first upstreaminput or the second headend input is
communi catively decoupled fromthe first downstream output, signals from
the first headend i npuf &hpigedhalittersommamicptively conpledtoradirs heasend wmput andhe

shunt. 2. The .gRpahiditelyeby ggﬁkthﬂﬁ& | id first splitter-conbiner is
a first passive device yan sal d secon %%W?t g?gonbiner is a second

passi ve device. 3. The aispaiezal crmbifer gprainpmigativoly coupled te saictifirsiesigmaldsplitter
splitter-conbivperaehlhes ] ications link 4. The
apparatus of claim i, Fur?ﬁ%&ﬁéﬁﬁgﬁbﬁﬁﬂgggﬁg%W%F spu¥@é?%€8ﬁ%vﬂﬁﬁ“mw
conmuni cat i vec§upkesiipp Sesbheadand ontpat; swkond sput t er - conbi ner, sai d anot her

o e e o4 R 0L Hinc bR SR) bR, BRI GHELY CouP! e

combiner, said second splitter-comber inchuding;

a second signal splitter communicatively coupled to a second headend
input and communicatively coupled to a second downstream output; and

a second signal combiner communicatively coupled to said second signal
splitter via a second shunt, communicatively coupled fo a second upstream input, and
communicatively coupled to a second headend output,

wherein the first splitter combiner switches from a shut state to a bypass state

when the second headend is communicatively coupled to the first upstream input and the
second headend input is communicatively coupled to the first downstream output, signals
from the first headend input switched to the second headend input and signals from the

second headend output switched to the first headend output and
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comuni cati vely coupl ed to anot her downstream out put; and anot%é?y5|gnal

conbi ner conmmuni catively coupled to said another signal splitter via

anot her &4 comuni catively coupl ed to another upstream i nput, and

comuni catively coupled to another headend output, wherein the second
splatter combi ner switches fromshut to bypass when the another headend
out put is comrunicatively coupled to the second upstream i nput and the
anot her headeMO AP i s communicatiVkly coupl ed to thePganEsed/26698nst r eam
out put and wherein the second splitter conbiner is then swtchable back to
shut from bypass when the either the another headend output is

comuni catively decoupled fromthe second upstreaminput or the another
headend i nput is co ni.cat i.vel y. decoupl ed _from econd downstream
output 5. The appargﬁﬁgmb ebﬁﬁﬂ%ﬁ fmﬁﬁﬁpﬁﬁﬂm%fwm%gg%éwgﬁé@@%W%“ﬂﬁ@@ﬂded in
sai d communi detbypassstht: Rier the bitetha sephd hdalldd va@ILs AinEnEARMY ddchipledld Jul'y
2004 WO 02/21§3%gﬁ8 PCT/USOl/ZGG%% gﬁw%ﬂf apparatus of claim1l, further
conprising a JRTHRGISHPSHATIRRAL epthe eadgnd Ypptis equyprnicrtivdy desewplehi d
first upstreafomthHireRenS bt 5RHONEnAICRAR B fir@ HERMG indn sWikBe R ALUS O
claim6, wherein said data drop/add device includes an

optical -to-el U Ut Yig Hhe gk r coupl ed to said second headend out put and
an electronic-to-optical transducer coupled to said first upstreaminput.
8. The apparatus of claim1, further conprising an optical fiber
comuni cat i vely cid6prragpiuser olaianl, sdierginfshid Sirst spliéter-combmierip a firstprssivadetics econd
headend out pu i i et is SRLd | des a first optical beam
sputter, said&%ngfggééﬁgﬁﬂ%g%E?%éﬁ |né@3§%N%&%g§t optical beam conbi ner,
said second signal splitter includes a second optical beamsplitter and
said second sign ﬂg%&ﬂ [ale . A tical. beam conbi ner. 9.
The apparatus§bf ?Fg? , ?5?_1e#H%%%g%gg?%%ﬂgq%§%£?5+m@§%$%ma&mnnﬁf
comuni cat i vehgde of e eqshrovhi¢ationsdink. sai d first upstreaminput and said second
headend output, said first signal splitter includes a first electrical
sputter circuht,T%aid firsé %Lg¢ | conmbiner includes a first electrical
combi ner ci rcti t 1B8&prgrais of 3gﬁ@?*@ﬁpp?ﬂ%?mﬂﬁEW%W%§mah§@cond el ectrical
splitter ciresthrhuaddyénbdipRatoRdhsTothakpliRARinbiler, A8 MRS RS SSRRY

el ectrical copbiner circuit.
mcluding:

another signal splitter commumicatively coupled to another headend input and
communicatively coupled to another downstream output; and
another signal combiner communicatively coupled to said another signal splitter via
another shunt, communicatively coupled to another upstream input, and communicatively coupled to
another headend output,
wherein the second splitter combiner switches from shut to bypass when the another
headend output is communicatively coupled to the second upstream input and the another headend
input is communicatively coupled to the second downstream output and
wherein the second splitter combiner is then switchable back to shut from bypass when the
either the another headend output is communicatively decoupled fiom the second upstream input or
the another headend input is communicatively decoupled from the second downstream output.

5. The apparatus of claim 3, wherein all nodes that are included in said

communications link include a splitting-combining capability.
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19 July 2004 WO 02/21737 19 PCT/USO1/ 26693 10. A method, conpiidihg ot

depl oying a comuni cations link with non-intrusive expansion capability
wherei n depl oying includes: providing a first splitter-conbiner coupl eabl e
to a headend, said first splitter- conbiner including: a first signal
splitter comunicatively coupled to a first headend input and

comuni catively coupled to a first downstreamoutput; and a first signa
conbi ner conmMWPdALI73El y coupled to s d first signal spPOIESo1REe®3 a first
shunt, comuni catively coupled to a-first upstreaminput, and

comuni catively coupled to a first headend output; providing a second
splitter-conbifer Thomppaniue afdanell yfisie phreahing a st tlog/add desice
splitter-conbiner, said %eéond %Bkitter-cgﬂbiney i ncluding; a second signal
splitter comuni c&TTVEEARGURTBES CEWEer R UPRISERR SV a6 rid segppgl headend
communi catively couwphted to a second downstream out put; and a second signa
conbi ner conmmuni catively coupled to, said second signal splitter via a
second shunt, conmmuni catively coupled to a second upstream input, and

comuni catively complagghrie dAclaREE)MhcRBAE Asta @UHAGH devROAicRAMRLT NY
connunlcatlvelé@;he second headend output to the fast upstreaminput and

the second hea®REFd-t3-Rlpgionic frapsdcer cqupled ipsid seacadhmadendgutout anderei n fir st
splitter Conbiﬂ&ﬁnﬁ&hﬁﬁﬂ@ﬁu&%@ﬂ&%éﬁkﬁuﬁ%ﬁ%ﬁﬁﬁﬁﬁémPX@ﬁ§s state when the
ed to the

second headend output i's conmuni catively coup first upstream
i nput and the second headend input is comrunicatively coupled to the first

downst r eam outgut , sl oS5 of B LSt i switched to the
second headend inputa sfbna s’ roﬁ%?ﬂ%%$§§%gﬁﬁgﬂg§§§% 83?%3?gémﬁtched
to the first rroupledibtwesnpaid fizstupsuvanyioput andeeidfseqond headéridtdngnt, sxidfifstwgnal s t hen

swi t chabl e back;.t Q. S L at.e fr L he . -bypass st ate, n the either
t he second hegﬁgﬁgH%E@%ﬁﬂﬁ%ga%%ﬁﬁﬁﬁﬁggk’5%?9m§%%85 HK5¥¥£ﬁ%? foppgast
upst r eam i nputbeamn combingreeiinecond sigenh sblitaititindesa ssoonmluptica béawtdpYittalatdsapl ed

fromthe first_downstream.output, signals. fromthe first headend i nput
swi tched ot REPEPEY Coag gt aerond paicel ke sgpiner.

9. The apparatus of claim 1, further comprising a coaxial cable communicatively

coupled between said first upstream input and said second headend output, said first signal
splitter includes a first electrical splitter circuit, said first signal combiner includes a first
electrical combiner circuit, said second signal splitter includes a second electrical splitter

circuit and said second signal combiner includes a second electrical combiner circuit.
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19 July 2004 WD 02/21737 20 PCT/USO1/26693 11. The method of ¢l alm 10,

further conprising providing another splitter- conbiner comunicatively
coupl eable to the second splitter-conbiner, said another sputter-conber

i ncl udi ng: another signal splitter conmunicatively coupled to another
headend input and comuni catively coupled to another downstream out put;
and anot her signal conbiner comunicatively coupled to said another signal
splitter via aN@REE73Zhunt, communi catidvel y coupl ed fo aRQIESO1RPSBEr eam

i nput, and comrunicatively coupl ed to anot her headend out put, wherein the

second splittef, conpi ner switches fromshut to bypass when the another
headend out putqu %W@H@S%PWW@BW%@%@%@O@@%W@%@MW i nput and

the anot her heagafiiinic gﬂjtyi\ﬂlefég{wmyﬁl@qﬂcﬁﬁgg coupled to the second
downstream output and wherein the Second splitter conbiner is then

swi t chabl e back t o PEFyisingrafsshsplitipnepsebingn equplentde tiatheatend, Ivaid fistaplier- headend
output is commypiphal inVigliye-decoupl ed fromthe second upstreaminput or the
anot her headend i nput Is tonmunicatively decoupled fromthe second

downst r eam out put . 12.a fiffieignal siliter ehnninihtivelyCiouled tbladirst heudid isiungnd

moni toring a sy kN a of i,d first splitter-conbiner. 13. The

net hod of cl aiW%%e@{%%ﬁ%%tﬂﬁﬁ%%mﬂtﬁﬁ&“ aid switching state to
sai d headend. 14. The arfisdtkigohl ofmisthaicombdnicdtivEly BAIplAMTRId BERBAISHIALMNRY Sai d
SW t chi ng staiﬁ.aﬁ %ia nostic data, 15. The nethod of claim 10, further
conpri si ng nmeadSUriSAYELOREECatyely Sputed to a fifstnsaearyiaput sad srramunicativels

detect ed bypasgugledidalfir@Bhdanddutpht; detected shunt signal. 16. The nethod of

ctaim 15, further conprising changing a split ratio of the first splitter-
conbi ner . providing a second splitter-combiner communicatively coupleable to the first

splitter-combiner, said second splifter—combiner including:
a second signal splitter communicatively coupled to a second headend input
and communicatively coupled to a second downstream output; and
a second signal combiner communicatively coupled to said second signal
splitter via a second shunt, communicatively coupled to a second upstream input, and
communicatively coupled to a second headend output; and
coupling communicatively the second headend output to the first upstream input
and the second headend input to the first downstream output,
wherein first splitter combiner switches from a shut state to a bypass state when the
second headend output is communicatively coupled to the first upstream input and the
second headend input is communicatively coupled to the first downstream output, signals
from the first headend input switched to the second headend input and signals from the
second headend output switched to the first headend output and
wherein the first splitter combiner is then switchable back to the shut state from the
bypass state when the either the second headend output is communicatively decoupled
from the first upstream input or the second headend input is commmmicatively decoupled
from the first downstream output, signals from the first headend input switched to the first

headend output via the shamt.
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Title: FIBER PROTECTI ON AND NON- | NTRUSI VE EXPANSI ON METHODS AND APPARATUS
Abstract: Systens and nethods are described for conmunications networks. An
apparatus includes a conmunications |ink having a splitter-conbiner
comuni catively coupled to a headend, the splitter-conbiner including: a
signal splitter conmunicatively coupled to a headend input and
connunicatively-ﬁ@HEP@?7to a downstrea (Putput; and a signal_conbi ner
comuni catively coupled to the signal Splitter, conqu<xﬂ3Q@ﬂ@m¥%ﬁﬁbled
to an upstreaminput, and conmunicatively coupled to a headend out put. The
systens and net hods provi de advant ages because a communi cati on network can
be protected, atéLeast I n-part ai nst passive equi pnent (e.g., optical

fiber) failure, &bti %ﬂl@j@fb@%‘_ﬂiﬂ? & fugthor coemprisiny rpvidioglardenet spliftert ai | ur e
and/or equi pped kiRl Bt SHRANS e RLord itter S xﬁelﬁ,' said another
splitter-comber including:
another signal splitter communicatively coupled to another headend
input and communicatively coupled to another downstream oufput; and
another signal combiner communicatively coupled to said another signal
splitter via another shunt, communicatively coupled to another upétream input, and
communicatively coupled to another headend output, _
wherein the second splitter combiner switches from shut to bypass when the -
another headend output is communicatively coupled to the second upstream input and
the another headend input is communicatively coupled to the second downstream |
output and
wherein the second splitter combiner is then switchable back to shut from
bypass when the either the another headend output is communicatively decoupled
from the second upstrear input or the another headend mput is communicatively
decoupled from the second downstream output.

12. Themethod of claim 10, further comprising monitoring a switching state of said ﬁrst
splitter-combiner.

. 13. Themethod of clait 1 2, further comprising reporting said switching
state to said headend,

14. Themethod of claim 13, further comprising recording said switching
state as diagnostic data.

15. The method of claim 10, further comprising measuring a relative signal attenuation
between a first detected bypass signal and a first detected shunt signal.

16. The method of claim 15, further comprising changing a split ratio of the first splitter-
cotnbiner.





