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PROTECT! ON ANB X3 NTRUSI VE EXPANS|I ON METHODS AND APPARATUS Pé _
THE INVENTION 1. Field of the Invention The invention rel ates gplég.@g,s t o]
the field of comunication networks. . Mte particularly; the invention
relates to the, use of splitter-conbiners in ring communication networks.
2. Discussion of the Related Art Communi cation nodes are de Mmmmﬂ
for point to point conmunications over a network. A conmuni mmummm
a transmtting and receiving (T~~ source. Stringing a plurality .gfnodes
together into a ring network is well known to those skilled is the art of

communi cations. Wat is also well known is that an interruption in

.comuni cation seryjce can be bot h i nconveni ent and costly. .For instance,
a conventional ri né SIQN\ANDINQIGM‘RH&WEFXPMNSI(BNI bus

logical ring is depicted w t h, }h 130 communi catively
coupled to a headend. Each of 't HSP&SS@E%%%&%H& udes a data drop/add
device 1 Z5. Node | 10 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 fiB&GCKGBRQUNDAOFTHRINVENEION dashed Iine

segnments that addition y- be positioned between. nodes |20 and
130: Anot her i nstance g#e¥‘3€ti'€£ SURBI ring network is shown in FIG 4,

where a’ ping archifrGh e fodes 410, 420, 430 .

communi cati vel y coupl egéltﬁldnsre1eao%én ggl%t)z%é 581% SOmmynigationpefwerkss 0- 430
i ncl udes thel\ﬂaxbepammwdhdﬁweﬁﬁoxi%atem&%e oP§siRt -%Qrdb?rf ?{ﬁh&é' ly
connected to _node 410, with a single optical fiber 440. Sim y, nhode 430

i's sphysi cal | §ORRGMHmicationnetyarks 420 wi th a <ingle optical fiber 450. FIG 4

i ndi cat es .19 July 2 7,P 801/26693 by dashed |ine
! 2RI R Y

segnent s t hat addl tion oned al ong fiber 450 between

nodes 420 and 430 Comminizetionhade dﬂéd@élgﬁ@rmﬂfm@b%fgﬁh gShown in FIGS.
1 and 4 is that a break one of the optical fiber Iin prevent all of

t he nodes fr gq]tpmumcatlons over a network. A communications node is a transmitting and
recemng (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 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 witha
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 ins_tance ofa conventional ring network is shewn 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
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bidirectionally communicating, with the headend. Therefore, whatyjySopgquired
is sol ution‘&gﬁkzﬁr?vi des the network with at |east sone protection in the
event of a b A" one of the fiber lines. One approach to pPEVIEINR§Sone
protection in the event of a break in one2of the fibers in the past has
been -to connect the nodes together with redundant parallel fibers. A break
in one fiber can then be overcone through the use of a parallel redundant

fi ber. However, a disadvantage of this approach has been relatively

hi gh. cost. Thekefdsihed ' i lHAtd R1F: [des some
protection~in t}ﬁe eve%i{yegféggé?t?glﬁ-ag;ﬁggﬁﬂidr?a g@nﬁ%?yé ch?s% 1&3??%}3 lg\/qgﬂe?ranner.
Anot her pr obl efiGbetiveehnedesetdOranidodp). has been that expansion of a ring
network requires interruption of conmunjcation services. Adding a node to

‘the ring requires tat!s? n??ig_ﬁ@fbéh%rﬁﬁwns@ﬂcﬁsé&gwntied_ﬂ%ﬂidngi_;4 is dhathat
prevent il off PratsBESL s Om<al Bpdie sEpySRCHRRF e aorrt Tam n the
headend unti| BifRetttslafly lc@idminibaingaNi Sethealthd M AT GG B'redifitdd 189S
such. a tenporary interruption to 'install additi ona{ nodles 1S ‘uhaccept abl e.
Ther ef ore, whaolutsorathebprowides thendtwork withat least sonae proeectiohsn ticevest wpi k t 0
be expanded wi,t hiﬁgt i ntéatrtb}égbi ng communi cation service. Another problem
wWith this techf§ HyOREs 10CF AM%Sure of active equi prent- al ong the ring.

| f one of the data i £ A . des.can be .
prevented from bi di %g%@%ﬁ@/@%ﬁ’rﬂmﬁrg%%@?ﬁg%ﬁﬁ IE‘EEG ﬁ‘%’é‘gé’ﬁai’r dPefore,
what . is al so ramufithe fibersdnsid pdst has tdeatto omuct e iydek ESddtid? vwith t he event

of .active equid_pgen(i failure. Heretofore, the requirenment(s), of protection
in.the event dedundanhpaHebiibersyAdiealvin onefibercan theni be evercame througind
protection in h cti v iprent failyre, referred, to aboyve have
not been ful | yﬂlfgneﬁtS gx@@??‘%&ﬁ?&%@ﬁﬁ@"‘p ﬁ@wﬁYﬁrya gﬁéﬁv 8929te gpproach

PCT/ U501/ 2669328 besh vélidyely high QA ERSEfratwiti 804150 RbdedNld a RERHiSH By 2! !
of these requirenents. The invention is directed to neeting.these

requi renent s, RIABidgs some protegtigminithe @rent bfa AEDELIOM 4 nywealcost-effdetive
invention is t{ﬁ sinul taneously satisfy the above-di scussed requirenents of

- network prote #81%i n the event of a line break, expandability wi thout
conmmuni cati ons i nt epAhdiet BFObIEGA NitEhINGESh: [ [ £ of- _active
equi pment fail ure-which, '?.n t he case of 'tﬂrei)(lia %I’I orb%grrl;ﬂ,ﬁttg?gaf%(ﬁ%sfa llflgﬁl ed,
nuch 1ess ~ sinetwerknrequisés/inteatipsion o comnninimatiogsetviads. (Addihgy @0dé fithes t 0.
satisfying one,or two Oﬁflil t&%se requi emenis. One enpodi nent of the
invention i s BHSSEABRCSMabineapng Resorokeny 3t leastigmpararily.sio that themew-nodebi ner
coupl eabl e t o cgn SR i SRbdAAL S COnDi iLncl udi a.first
signal splitter cgqm%érﬁ%g é??lvtgf &hgosi‘ulgﬁ glc‘f{a%(éﬁghe’f ﬁ'ﬁ%tzé}ﬁéﬁéag ntaaqﬁ?l%g% ngﬂ%s
comuni cat i velfyom biditextionallycémmuhicdting stithaheheadepd tuntibhd iasthilitsdn i gnal
conbi ner comuni c?ti V. I% coupled to sajd first signal splitter via a first
shunt, comuniCCHA&LE ’5" ppremmersial settings, sugh etempoiany interraption to install

communi cat i vel ' i e utput. and a second ]
splitter- corrt)ia%lqceﬁriﬂ)lclzl1 (Q)j rrﬁrgd ﬁ%g%ﬁ?%égﬁﬁ%lguﬁﬁgﬁ?%’ W@aﬁ‘ﬁéfﬁfﬁ rPg?‘m‘f‘S a solution

spl'i t t er - conbithatrpenmits thesiea Motk b &xpBAdORRRSutiiRekMBiRG cof nﬁgﬁ' gnSi gnal
splitter comuni (;pat irvely coupl ed toﬁg second hueadenngﬁ%S? an S4fion

conmuni cat i vels§rvé@fupl ed to a second downstream out put, and a second signal
conmbi ner conmuni cat jvely coupl ed. sai d second signal_ splitter via a-
second shunt, comné{'%‘ﬁﬁB@%‘%&B‘b&é@%&ﬁ%ﬁ@ﬁ&%&%@ﬁfpﬁw, and
conmuni cati ve ?%g;}t : , Pl epf. rst
splitter conbi g - SW '? gbﬁggh€{1§ﬁlcg’6§ﬁ§?ﬁ%fd§1?ae8¢6§ a df%&?@%‘ﬁa@@ O&h'éan t he
second headenaodes canbeprievented oy biditptibshallp colirdric&ingiRith Higcheadepyt and

t he second he%glend i nput is comunicatively coupled to the first downstream
out put, si gnaldierefore, wyhat isials requiserbisc sohyion thes prowisies protettiorsiadhed headend

i nput and sig fa.omthe .second..headend out put switched to the first:
headend out put%é‘ﬁa"f\ﬂﬁg]?’%F%“‘PH‘&“WW‘BE&-s.p| itter conbiner is then swtchable

back to the shut sm&tJfém&%F@@gﬁgpg@%twﬁ%ﬂ ih P &lehPSF 2l bEEEONd

headend out put is coppun[cétlve
expandability Wlthogt interruption, and protection in the event of active

équipment failure, referred to above have not been fully met. What is needed is



19 July 2004 WO 02/21737 4 PCT/LTSA /26693 fromthe first upgboganvesnput or
t he second headend i nput is comrunicatively decoupled fromthe first

downst ream out put, signals fromthe first headend input switched to the
first headend output via the shunt. Another enbodi nent of the invention is
based on a nethod, conprising deploying a communications link with

non-i ntrusi ion capability wherein deploying inc viding a
first spli tﬁ?%’g%?ner coupl eabl e tg) a headend, said fi :Pg?ﬁ%ol/%é%
splitter-conbiner including, a first signal splitter conmunicatively

coupled to e h nd I nput .and ¢ icatively coupled to, a birst
downst r eam %&M‘}Béﬁ tlgﬁ%&i‘e?sg g‘{)le%qt Sﬂﬁlang%é@?y %lgrﬂ%h?sgégq‘\}@mﬁn&goa Ped to
sai d first mivaifbn Rlifdeiclito Yicbiig Hids? roqfidhiont< asMBicfRd.vel v coupl ed to a
first upstreaminput, and connungcafiJ% ; cgﬁpfeg%Pgoa $rst headend

out put, providing a second splitter-conbiner conmunicatively coupleable to
the first splitter-conbiner, said second splitter-conbiner including, a

second signal splitter comuEyIAIMARYYOF QY BAVER@OReCONd headend i nput

and conmuni catively coupled to a second downstream output, and a second
si gnal conbi ner corngedloftheieventomiptesimubtanesudlsstisfidthsiahoed-dispudseder vi a

Communt cat 1 PRL{FoBRTR BePork TsblecHoN Hobe SNE RS DiEHD SOORagy
icati AUt DUt | kst - | t d
The socond Hoout cmaSERaloRaRARARIBH MlindPollfeldBh it B SRR fitie, "

splitter coediipmentiyiluchwhich] @the cadeuwif the pfier 419, dic Bypasisfisd ahecwgy t he
second headend output is communicatively coupled to the first upstream
i'nput and t HEd@ReeRsLY,satistigd. Anpiher geal of theiinvention i tp setisfyingdnewriwe of i r st

downstream . S s fromthe first headend input switched to the
second headgl%%@%gﬁgﬁlgﬁg' signals fromthe second headend output switched to

t he fihrg]c headEnd Om}]thoﬁandntvdfeh@%mehﬂi@ fsiljl;aséd 6@hﬁ1hp1%’rat&%l6&ﬂ' lﬁih sings aLhen ]
swi t chabl e to the.shut stat romthe S state n the either the
second headgﬁ% s@htfe&ﬁon}bgn%r&mﬁp@&t? 93?@%30%@%& sp %ﬁ’ﬁ"ﬁ%@’lf‘?rr igeludmg, r eam
i nput or t hafisecinndl é}ﬂﬁtéﬁb@inhmmitiatibély%ﬁmédiwatﬂrhﬁieﬁdélﬁﬁ%?ﬁdaﬁﬂl fromthe
first downstream ouhgqt, 1& Jul [2(1004 WO 021 21737 4a_P ,%801 26693

si gnal s fr ofPPHRMNIGRHYELY icauRfg Ef’f‘l%ﬁ OWRStreae Quinytiand a firstsi é’&@?jhﬂ'“ifut put
via the shusdmmibiagvelgrdupled besaid Gadt sighalspirRe dia ik siint! he invention
wll be better aﬁgfr eci ate der st ood when considered | n conjunction

d
with the fofPBHEY aH&%‘EFPB@%@FPg tuRaireaie HvhARd FomIRERicHiely seuplethial d be
under st 0od, a ieMheégdendidi@ut! £l 4 @cbﬂ&"éﬁlﬁte@-‘%@ﬁ{ﬂixﬂ&icgﬁlmm&étﬁzeicﬁ‘gdﬁﬁbg@to

preferred egbodi ments of the invention and nunerous specifi y
t her eof , i str%f&éﬁﬁpwemﬁvnémn spidsesond sittgrraomber igeluding, e secand. signahy

changes andsgi tbmadunidasivageolifleds & s¥édud HeallbiR] & ' i on
wi t hout | dég%l%dg)ga f rnom tvﬁlg gpiﬁrCi t tﬁer eof, aand tﬁgpiﬁlrﬁ(g)ﬁé@gﬁk?%ﬁ%des al |

such nodi fi secquqd doivystregpuontipytoanda serondeinaboanbBens 5 BRI EF
DESCRI PTI ON:ehinfnfeaffYichSiof ot id SR SRRAI Hiekk vid W sadHaThaHeS and
e an (6] t

features constituting the Tnvention, t'he conponents and operati on,
of model syeeramynivatvelseaupled ko a second wpstréasm inpuk,| andineoumenicatively eagiléd/
apparent by ! xﬁg’gp : @ﬂ!E . Lmtin
enbodi nent stoir ﬁe&é {ﬁrl gfg%&gﬁfi tr?t]ﬁ)f‘llg’ r a%/hﬂ %esf oo hggli%)ﬁﬁpbgir’l}% S%tgiééf‘fcr]ﬁ bila %P‘Il\tg a part
of this spegiteiteabypass statleovhenithé sacend bdademhis @ommunicatively coupled to the first
“upstream input and the second headend input is éommunicatively 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



characters (if they occur in nore than one view) designate theggFeoparts.
It should be noted that the features illustrated in the drawi ngs are not
necessarily drawn to scale. - FIG 1 illustrates a schematic view of a
conventi onal physical bus, |logical ring, appropriately |abeled "PR OR ART".
s FIG 2 illustrates a schematic view of a physical bus, logical ring with
each node. i nghydgpsa splitter-conbiner which can provi dePErRJSB ﬁ%rﬁt ection
and/ or non-intrusive expansion, representing an enbodi ment o Y&E
invention. FIG 3 illustrates the physical bus, logical ring of FIG 2
after the non intrusive addition of a, fourth node having a
splitter-conbiner, representing an enbodi neat-of the invention. FIG 4

i |1 ust r at esfransthb €irupsireaheinptior the @By fidadaral inpltidcah@mhic8Sidly Secoupled
appropriate I Llustrates a schenatic vi ew of

| abel ed " ,
aring ar ch%gkfﬁﬁﬁé&apwgs@%%élg?@ é;ﬁpﬁ’ﬁe rsthgadendsinputesvitshedio theni ch

can provi defigg héaden® attpBiPRth®SRIRCAhther ERP6BRRALFTRE ﬁoerﬁmanggé&bn%f t he
i nvention: FI illustrates a nore~.detailed schematic view of the AlD

6
nodes depi cn@&%cqnlmlnade&loyaw epnmanialionsliek with npmigrsiRexpamsion 7
il lustrates j ' of : | : ot ' ' ure
w th each A? aﬁ(ﬁ; ewiﬁﬁllg Iﬁluddélpgdgng/\%ﬂg E?%’/? %%?dl%%ﬁgfsﬁg@ gi,e? gblglpirnggc%#)?&bkvmetﬁéh can

provi de act headerdyspidfisstisphittertasmbiingy inghaling, adrsisignet splittectoremnnipativelyde fi ber

Crboa ment G AL st Rplotd ity GAA RO Risal ) BOMIL A% iRiRsbEn coos o

DESCRI PTI ONOWBUPREFERRED gENBODbIMENTSNTueicatively toupbedan daitl firstwignabspdittee at ur es

d ad t ' | ained ful ith f t
The mont 1 TR, LomblloaYet et AR e it e rpanyi ng
d :Tgvm;j ngs andommum’cbtévfbly uotmlimlf tbta: t}rst\liheadpudémqfdt,girb\fidingfa_ sgdicmﬂe;pﬁw@f_-combiner

odi ment s scriptions own .conponents_ari 0Gessi ng, ,
1(:a echni ques C%{%uﬁi;%t{? egéc%@?eggl/éﬁ&the[ @rstﬁ?ﬁgﬁre%%wrys %85@8@&@-%}3@% on in
detail . dTheinlchldi_ r@,(t X b sedond Is"gnglrspﬁnéﬂ qmmniulilﬁd:aﬂﬂells' coupled I td&%cb@dlléilﬁbﬂ? t
Expected a cations inel ude si cal Jhus, [ogical rings. ec
apgﬁ:c:t i Oggnda@%n}lwgﬁlt&r&@ ?quﬁbeﬁggéﬁ?ﬁoé‘é%ﬁm@a%‘ Gutput, anda 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 communicatively decoupled from the first downstream
output,



The invention can include placing a splatter in the transnltn@qgw@@bb of a
node and anot her splatter in the receiving path of the sane node. In the
case of optical. signal splitting, the splatters can be readily
comercially available fiber optic tap couplers. .In the case of electrical
signal splitting, the splatters can be sinple Y branches. In either case,
two of the splatters can. be coupled together to conpose a
splatter-combines. In this coupled configuration one of the splatters
functions awce2ovdri nes. The splatter-conbines in-turn deldrRasyseghunt and.
a bypass. By providing signals conbined fromthe bypass with a gain of from
approxi mately 10d8 to approxi mately %a0d8 .relative to si gnal s conbi ned
fromthe shunt, a switching functionality .is provided by the

splatter- conbines. If a signal is Present on the bypass, this bypass signal
will be detugpalgfromsthe §rst heasdend mput Hrikched tQ/@Iﬁ)ﬁrWé@kd@dgmaju} viaghpstemént on
the bypass, the shunt signal will be detected. It is inportant to
appreciate that signals being transmtted along the shunt are overovhel med
by signal s bei ngThesepa dthegoalks and einbedieRBSST thd ihvédifon villde tRft& Present .

The splatters th t %ﬁﬁ@ﬁ@ﬁgﬁgf utter cqonbines can |ie optlcal in the case
of an opti cYIPrE ngongidersd i conpnclion yith the &allosngt t er s can
be el ectri caéscnpudd@dqne@cc@fnipaﬂyxﬁ g HRGifigC 3t slﬁﬁlﬂ%\hﬁﬁi@tcﬁﬂsh&%w "that the

Furt her, ters co en be vabrationa nt case
ag oust i cal @i‘ﬁﬁﬂ?ﬁ %ﬁ?‘i‘ﬁfﬁ? 19\&1‘%*‘@9& Bwvﬁ%leféﬁbﬂdl@ﬂ;tépf@ﬁsm@zuomaﬁb used.
WO 02/ 2173 Tniferdid épegﬂfé‘lleﬁﬁ; /cﬂé%B?/ i$8R3a by v@z{y‘ﬂfﬁ e P as X 0;0? tiffitali

inyention can use a passive splittercomb an opt I cal
network, a %ﬁ@ Pb@g@f)im‘i medlﬁ@mﬂnsmay b,eanadmmthidéhq seop¢ phibe inyention withpiter s .

The use of @epﬁﬁﬁ%‘ﬂ’cﬁn%&' épiﬁt?ﬁerm élrﬁ;eﬂ{] ﬁlcﬁs?hs%n &%ﬁ?ﬂ&&ﬁéaglgnTher elis

no need for ni cal electri smntc ere s no need Yor fault
-detection. There is no need for nonitoring. There are fewer conponents
conpared to an active device. There is no . switch to fail. There is no
switching tine. ~: The invention can include protecting at |east a portion

of a network against failure of signal connection |ines. For exanple, given
a physical .bus, logical ring, ,each node can be provided with a
splitter-conmbiner. If a signal connection line fails, the splitter-conbiner
that is RXrelative the failed line will swtch to detecting signals from
the shunt: In this way, at |east part of the network can be protected from
the affect of the failed Iine. This can be terned~ fiber protection.

The. splitter-conbiners do not have to be located in the same chassis as
fine data drop/add devices, or even the sane nodes. The splitter conbiners
can be | ocated in-between nodes. Preferred enbodi nents of the invention use
a' passive splitter-comnbi ner device to shunt the conmuni cations route
around the failed line. , . Referring to-F.1G 2, a physical bus, |ogical
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 |ine segnents that additional nodes may be positioned between nodes
220 and 230. A splitter-conbiner 250 is | ocated within each of the nodes
210-230. Each of the splitter-conbiners 250 includes a signal splitter 260
and a signal conbiner 270 (see the detail nunbers relating to the
sputter-conbiner in the second node 220). The signal conbiner 270 is
comuni catively coupled to the signal splitter 260. Each of the signa
splitters 260 is comruni catively coupled to a headend i nput 262 (see the
detail nunbers relating to the signal splitter in the third node 19 July
2004 WD. 02/ 21737 PCT/ USO1/ 26693 g . 230). Each ofthe signal splatters
260" i s conmuni catively coupled to a downstream out put 264. Each of the
signal combiners 270 is comunicatively coupled to an upstream input 272
(see the detail nunbers relating to the signal conbines in the third node
230). Each of the signal coriibiners 270 is communicatively coupled to a
headend out put 274. '



The path (connection) between the downstream output 264 and t pepipgjoueam
i nput 272 Caﬁmﬁ@ﬂ#%ﬁnEd a bypass. The other path, typically a shorter path,
bet ween the sSignal splatter 250 and the signal conbines 260 cZRTASV4a2d -
'~ %, ashunt. ~ In this enbodinment, theSdata drop/add device 125 of each
node is conmunicatively coupled to the headend output 274 of the
correspondi ng signal conbines 270. Data flowis fromthe_signal conbines to
t he data drop/add device. By providing the third node 230 with its

spl atter-conbi nes, an inp ' I = d. The addition
of anot her node to the th%%%ﬁ%#@ﬁ@%?&%ow in nore -
detail with regard tAoclearGondeptidifof thy QBVdrakesafd iféﬂiﬁfég%oﬁ&%ﬁtﬂ%\glemde' to a

network without interrupting service to other nodes on the ne rk. For
exanpl e, - gi ven!iXentigryaad ©f therenmpansgtscad aperagiontdfendded Systems provilidd wittle on

t he bus can bey' ,ded with a splatter;conmbineg that will initiall
detec ;J " si gnal. sthpﬁé‘?r%th& gvmjivecomeegxg%{elap% équI{ va?ﬁrH\lllmg He ﬂ;%!@(e:ﬂuﬂﬁg'ct ed
to the splal! ein@kefdieiRnlinthfe Hiddinoals ety e SR be the new

term nal node on the physic ogi c ring. uUpon C ng the

addi tional nodeconipangingtand formimgiayest ofthidwpecifiestidr) GvHepéin IR refpsifee | | -
'switch to dete ti&g Si nﬁl.s fromthe bypass. This can be terned

non-i ntrusive ‘35?5 &8 &1t -they accup gy more than ope xiever designatethe sae'partst Tthave t o

be located in : [ ‘t he.,dat a. dtop/ add devi ces,. or evep the
sane nodes. Pr %@g}f@%ﬁ%@g?ﬁh@eﬂ étu&:s 'glﬂlgtr?‘ﬁgghﬁe fayfaies &%B@%‘i“i?&ssaﬂ?y -
spl-atter-conbi drasyndescsle. t 0 bypass the conmuni cations route to the new

term nal node. 19 _July 2004 . , W02/21737 PCT/US0112G693 Referring to
FIG 3, a fourth nob¥3.34ilusigates b schashatitedewroftaenvelaticnatiphpdiesibugevi ce 125,
has been conn .0 the third nqd l,gnal conbines ~in the
fourth node 3%%%1 @@nﬁ?ﬁf‘&%ﬁ&r‘@?e@dﬁmw the upstream input of the
third node 230. SinFi@r2 HlusthRs diseRdhatiMNibhidta d L1 i Cxith0 1S
comuni catively connected to tﬁe domna'lstrea%ntoggtdggfﬁgﬁb‘{shiegé%lgﬁ%n 230.

O course, addiachaade inebuttes arsplittorcanbiner tvhichhanfpoovid fibed groté@ionBy
providing the faurth node . .340 with its S£| i.tter-conbj nes, the feature of
noni nt r usi ve eig.@ HACHRNHUSIYE erpansion, Fepesenting, an empediment of the inventiom -
protecting at | eastFIG PWukicds &f ' e ' aid.ure of active
equi prent . For_ exanpl e, an act fv-gigl 3*."%%%‘% fo?é%ﬁ'fg@%?g;ﬁ?eﬁi% AP rom t he
rest of the ndntwosike bgdifionef difourth hedehakingb splittdricombing:, 26rbyentiA@¥hCe i S.
associated with .a spl it':éﬁeh-coi nhiner. 1f the active device fails, the.
associ at ed splﬁn?tfoéﬁ-g%' itHe WXEAHPSyi t ch to detecting the shunt signal,

t her eby bypassi ng tl?m.f@iill' i E]E“] i erned, active.equi pnent
protection. Again, althoug ii‘ttgﬂ(gzgn ea-{%cﬁ%&ﬁ?gaggﬂé&}t{?n%r-m%35?%‘619%643
splitter conbiappropriateli ldbeleddFRIOR ART2dd devi ces, the splitter-conbiners

do not have to be |lQc te,g in the sane chassis as the data drop/add devices
or even the same n > Wppiratena sehematiguiignofia rngrarehitdcturearitlacachmode of

reasons, -nota g T TN - preferred enbodi nents of the invention use.
a passive spl F{]%helgag% |l?itlglé'8é§\%n§’é wigich fam pray é%r’fﬁﬁﬂ?’&’é‘??‘ﬁﬂ‘)tﬁ@!ﬁlb ar ound
the fail ed actrepreseitingCm. en®diment o¥fhe iveftish, ~ 5. a ring architecture is.
shown with a first node 510, a second node 520 and a third node 530, each

of which includes Fl§atdllustogesatholedetaled &henatiGvidw bftieccAP siolys dashed
| i.ne segnents th%ﬁ@dr}]ﬂﬁpgag nodes, ' pay . be positi oned bet ween nodes 520
and 530, In t HeRICKHIBRIGS, 1-5, appropriptely) pled JERIGR ARTIY5 of each node is
comuni catively coulE9d iiifs

si gnal conbi nes 270. The é{%&déjg&p'%é@g%wggaﬁ%ﬁgﬁﬁbté’g’cell‘?%iiglsnggng: gg

communi cat i velaychiteciukeditheatha/Daods incading tib $hliRédchbinbe a3 &ipondi ng
signal splitter,.260. Rata flowis fromthe dowrstream output 2 Af of the-
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.



19 Jul'y 2004 WO 02121737 PCT/USQOL/ 26693 10 corresponding si gnalyrSpbhtter
260 to.the d,@,g)auzgr /add device ~ 125 and then to the upstream input 272 of
t he correspondi Ng Si‘gnal conbi ner 270. Referring now to FI G &CT{U581/2603 '
drop/ add device 125 is depicted in a noreédetail ed manner. The data

drop/ add device 125 includes an optical receiver 610 (ORX). ~ The opti cal
recei ver. 610 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 opti cahpktRiPFIOH M@ 'W@t he circuit
620. The optical transmtter cg!r[(lt)?\ﬁgran el'ec r]c:)): I o-10- ‘cal transducer
such as a laser di oble inVemtiomaehitieonrioas falhaes kid hddRtdpe0hE &{;}Qﬂs {hdeopr nore

of fiber protect égﬂ n(?n-i ntrusive expansion, andlor active device
protection. TETeEHMARed mowe fully withi refesenaeito the nowlimiting leentaydimbhte that @pdi ner s

can be joined: forma combi ned devi ce.. Again, preferred :
enbodi nents of H?ﬂg&?ﬁ@gkg%‘f?rﬁ%@yﬁn&a\%nﬁﬂ‘feé?‘leédﬁﬁh‘?]ﬁ?l@mﬂﬁwever, al |
aspects of thelekdiRivhi &RAed2ni t ; ' itter-conbmers.
Referring to FI ,G(m‘%, :ﬁgﬁ_ysi ga.l nil;jt?sa,hﬁ?igg'i ?é?(},ﬁr%@ng%gﬁéﬁc € qrﬁp%pepPsr st
node 710, a s&@dprocessing Fbniques ard dimittbdrsods no6Beb ueResssafily\iselird the! udes a

‘dat a. drop add.devi.ce.l(?15; ., O course, additional 'nodes naybe 1ocated between
the depicted ABfRRUOn R deils enhodi nent, each of the nodes includes two

splitter-conbers 2&j, I g~ nd output 274 of the first
splitter-conbiner to et(%g‘?é;ﬁgggy}aér}%v%ﬁg%{]ﬁgg’?e%?%ﬂ l’“écé‘c%BﬂdleE‘ﬁ‘Pf ter conbi ner
bot h of the f&xpacted applidatibas irhed isiual B 1GGEAl o8 O protection
are enabl ed. Bg roviding.the thir r?ode 730 g\n@th itgg g{’)‘??tatggr-conbi-r_l er;

the feature of iops alseincdudsring srabiteciresnabl ed. The i nvention can . al so
be included in a ki . it _can.jnclude sone, or gll,: of the. conponents
that. conpose the iﬁ]h\?el;rg{;‘:%ct) ?‘%B%B"‘EB%BF‘*P%%&? itter grpthejtransmifting pathief a he

spl i tt er - conbinoés amhsh bGPl HOME Receidhe baf d | h, il loneCan al so
i ncl ude a splicing equi pér'ri_?rgt and suppﬁlggg?g@ éfgpfgg%ﬂh?p?%%— Iélxtllﬁgtciasf?go odes -
with the i nvefphem signabsplitting, dhe splitters cambe readily eompicdGiadavaildik fibecar i

D, ot S B o bl B e s s
5t et RS, b keGSR BB R o

instructions) of the kit can be the sane .as ?

The inventi ontceampisea splittei-zembites fu thivemiplel cmifipRetidnGie dfitA@ST or m
signals from Or}ﬁge?t te.to anot he{), For_exanple;, the invention can be

corbi ned wi t hRHETS {IREHPRS 35hcqmBbmsE.aiThe splites-combitngsiin-tin defines ashumin t he
detected . siguplbogask0 actuate interconnected discrete hardware el ements.
For instance, the i'nvention can include nonitoring the swtching state of

the sputter - conbi nByspravidimgegignals 8embliRkdfrdih @by s Wﬁhfhe%ﬂﬁ o Alomx

recordation as di)gg}no tic data. Further, the invention can even i nclude
measuri ng t he?RREP: y dPdB4p appraximateln20dB rela@vedomignalecdybiasd fimagd shunt

to change th i b0 -Of . S | spl.agtters, andl or sigpal conbiners
with vari abl :th??’h?%tf?%&gﬁkzéé?%mﬂ?‘gyyg‘s Pf@‘f‘ﬁﬁ‘iﬁ?%? capbinegs If 8 her epy
| owering det esignal istpresentionGhe bpasa i bybuss Sign e i ) WO .
si mul t aneousl y maj sr?nai,ni ng_ suf ?g?ent shﬁtﬁgigggltl vflsl?eyd)@g&grr&e'emmé@eds of
a- cont i ngerfor Sy & YN gvaakeignalispresenton therbypassyaheshant siznalsedl beer ei n,
is'" defined ast. close to a given value (e, g., preferably within
10% of , nor e_alﬁ?%#féi iﬁfsﬁgﬂw#ﬁmolamwteﬁm sighals being tsansmittedvalongthed. 1 % -
of). The termghy : ' kS.defjned as.connect al t hough
not necessari | y%%ﬁ?@@ﬁg%ﬁﬁlgﬂﬁgg%ﬁf?"r%‘r‘fﬂ?ﬂﬁ:@?l Pa_SFh&dtb‘érm' _
depl oyi ng, . dstensrmedprasenei n, i s defined as designing, building,: shipping,

instal ling and/or ,ig erating. The term program or phrase conputer program
as used herein, isiif RW@EEﬁ@taompq&ﬁahcaphﬁeﬁmnbinmdmmdtﬁ&hm&ﬁe-f or

execution on 1 stem .A program may include a, .subroutine; a
function, a p‘rﬁts)%gg%{rjéﬁmgffv‘omué’&a S'Ef‘forgﬁ Aligraativelyyshesasplitiers 6ag ban

execut abl e apbddgHl iPth et urce cogde, . an_obj ect

code, and/or other seqt?e(%?:eeag ?ﬁ%@ﬁ%@%@gpéﬁgﬁwpﬁ EQ@E‘EM’E‘H on a
conput er systsplitters could even bf: vibrational in the case of an acoustical communications

network. Other types of splitters could be used.

-

-




The particul ar manufacturing process used for fabricating thelgawztgb@r
conbi ri.er S'WH'OE‘/Z 7| nexpensi ve and reproduci bl e. Conveniently, the .
splitterconbi ner “of "the invention can be fabricated using amPCéTpS‘lJSOéM@B'
method to join two Y branches, either optiical or electrical. In the case of
opti-cal branches (e.g., tap couplers) it is preferred that the process be
as optical butt splicing 19 July 2004 WO 02/21737 -PCT/ USOL/ 26693 12

t echni.que: For the manuf acturi ng operation, it is an advantage to enploy a

UY light curing, gubgerfed Q@gr%‘%tlem‘(@t on’csa%xﬂ%{% aratsgﬁﬁﬁﬁﬁ%%r-i s not

manuf act uri ng, process used ica

essential to tdembimeredn thtncae Ofﬂﬂ@pﬁé‘al lnbtwcmqpa/pg,gﬁ,et PAtELsSHbRSHC
fupctionality t hose who nake or use :. ~invention vﬁnl sel ect

r, mal I
t he manuf act uu’l‘alod?ﬁ%‘b ber opficepupiesn Thonsenf aepassxeqspbtyemmbmemifers t he
expect ed appl i r of t fi n .pr.,oduct, .and the denmands of
the overal | ﬁ?}a%&??] %gé p?gg@éin ‘fﬁ’r %Eﬂg’rlfﬁ?ﬁtf‘@g spatching. -
particul ar pe%rd@ﬁ@&deﬂ%ﬁﬁh&%&rm d ' tifie referred
enbodi nents of the invention can ebe ?%eg?%ﬁggbgﬁéeﬁg}!{é&{uﬁ%ngﬁeé%ﬁeng for
the presence dewengamprinents cimpaatd &t arcavtitvh devibé e Therel i8ho&twitdAgo RgRdend
out put of the IiIter-ca i ngs. At-the headend out put of the -
spli tter-combiMes BERSHIAHNE WREe in relative strength Between signal s)
entering the head emlh{?aufonaémlﬁa%@ha ﬂgggieag f R “%Stff eam | “t Sho“' d

be $om approxinmately 10 dB to appr oxI

rel-ative st relagamsiifaﬂumf sigrml eongreetion liaes. H&)rébﬁﬁkh?léegnﬁ&ﬁ asﬁke)%?éa! B&lﬁ t he tap
ceypl i ng ratlg igaﬁpllt r os} of the signal sputtier "and t Sl gha
corntbi nes. Thi LEHTN8ef Ir erc@n beiprevide wﬁgtawpbunr-ad»mbxm Halsigmakd by

adj usting the P I N and the

anpl i tude of S.agﬁggf‘ts’“gﬁ? gér‘fsik@ﬁ“‘?‘& g{”?‘éﬂﬂg%&ﬁﬁfdg &é)%éliedlhﬁé“ﬂuesence
of . suf f ~ci ent Smtghaddaeamggaﬁgnalsﬁ{)ﬁmetsh&h B?t'ﬁlsbﬁa aa"tiéa%Pp Lt hout undue
experinentation by the, use of a sinple '"and convenitional”si gn strength

met er exper i nBAWOIkS aitrbe protepied fiomctherafedi ofithe failefl linee Thivv@mtbeasrméd | now
be further degp&aﬁ%gecpg the follow ng, nonlimting exanples which wll
serve.to illus Sone detail various features of significance. The

.exanpl es are i nt endwd spEféldorhbintRdo ndt Bhe fi"ﬁoé}ie &E&h‘?‘g‘% ﬂgrE %}gg?%s n

whi ch t he |nvent|on may be practiced and to furt her en 5 skill
in the art -t otsrdasa drop/addalevingsrarieyan thecsaorediodgs.y The keliteorasitasers Byl d not

be construed the sc e i,nvention, le-| 19 Jul
2004 \/\002/213@'#‘%@‘?/‘%%%?7%’6‘%%? e&?@ﬁ“&’&ﬁ%‘wwfﬁgq'@ggmmm@ewan y
provi de the fpmrvempﬁ&@;%drﬁﬁnemeﬁéwg%wﬂh&%oﬁﬁﬁﬁl?édtf%’ﬁs glgtc“ onalpLies

where each add/drop (A/ D) node includes a splitter-co

splitter- conbfabled lisen i ncl ude a si gnal splitter where appr oxi nat el y 5% of
t he signal energy is defl ed 1o the shunt and approximately 95% of the
signal energy is dhﬁge&l%l Bl e aphysi sloggial ringliedepicted 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 sphtter—combmer 250 is located within each of the nodes 210-230. -
Each of the splitter-combiners 250 includes a sig'nai 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 commumcatlvely coupled to the
signal splitter 260.

Each of the signal splitters 260 is communicatively coupled to a headend
input 262 (see the det'ail numbers relating to the signal splitter iﬁ the third node



fiber optic couplers with this output port ratio are readily @qmg;%bgjlal ly .
.avai labl e W(?m/ﬁ-ﬂ'ﬁK Dynam cs, Inc. (nodels SWBC ai nd/ or SM-Q); "and
Amphenol (part no. 945-271-C 100). The splitter-conbines canh Y eoep3

si gnal conbi nes where approximately 50% &f the conbi ned signal energy is
derived 1~'- fromthe shunt, and approxi mately 50/ of the conbined signal
energy is derived fi omthe bypass. Suitable fiber optic couplers are
readily conmercially available fromJDS Fitel (AC Series); E-TEK Dynamics,

Tnc. (nodel s SYBC pngY ; . rt. nps. 945-130-1000,
945- | 31- 1000, 945132 1%3?%@-@8‘%%@8%%@&%@ %ﬂ’:’é’)“é‘rtl"g%& 172-1000) .
Example 2 A pHownstatanboatput D64.cal ring, can provide the fiber protection

and non intrusive gpgns—i on functionalities where each add/drop (Al D) node
“includes: a splitteashebthtesignalgombiners 240 isconiihwaisatively cospledeo ansi gnal
splitter wher RGP f.. thersi b energy.is deflected to the
shunt and app§8§| nat @P&P gg (sg% %%%é%@il ngperéggﬁ D8 tQ the signal combingirin thee
bypass. " Sui t atligl ddadee23 0P EL6h 60tHR; &6 0¥ Labley, avail abl e
$om JDS ~Fitel (AC Ser iae’s) ; Arrpher?o n%{ palrm[){nﬁgg?.’}%i%%gﬁglguU‘fe%éﬁ%g@% - 2000,
945- 132- 7000, tooubeadend@uiimd374.945- 171- 2000 and/ or 945- 172-2000). The
i gnal conbi nes where. approxi mately 10%

splitter-conbi nes g¢an . i@cl ude, a)jg
of the conbined si %Pagh PEYection) between the dnwnstrsammomipyt 20¢amiheoxi mat el y

90% of the cogy ' ' ived.from t he bypass, Exanple 3 The
act i ve equi pongm;ﬁt&fﬁﬁln@ ?ﬂ% ﬁ?\?& %‘%ﬂj"g%ggﬂ ‘dgﬁelﬁﬁle& PPF%%P%H g ERO1tere wher e
each add/ dr oppath) igiweer thei sigrali gistétter 250! antl s sigRATRIORRSiner B8O can be te

sphitter-conbines can include a signal splitter where approxi mat ewer% of
t:he si gnal  en®f tis deflected to the shunt and approxi mately 90% of the

signal” 19 July 2§04\ | 21 " PCTI USQ1/. 26693 14 _energy; i,s directed
toward the bypass.Bﬁﬁéﬁ@??@@%iﬁ%ﬁﬁgogﬁ‘%ﬂﬂﬂ% af eachdeds i nes
wher e appr oxi coahmbyicafivelpicotipled €9t Radesd SlAht ENESEYe | ;Lom the
shunt, and approxi nat el y990°o of the corr%i. nedﬁgi g_na‘?iq}esﬁgraggﬁfdg\&g‘%r%l%# from
the bypass. ProRIper?70noButadlavi trisoroithe signiloattinamoAh@daatdre@hdapp! i cation
of the inventy that has value within the technological arts.is the

non-i nt rusi ve expansi on of conmmuni cati on networks, such as adding a data

drop/ add node to aBY®gbGdine ; [ ti s useful in
conj unction with QO%??‘EH I |nrglgtB€ elrd;%{?&ea Oo?ﬁggtﬁg@g&#}r%o%‘%ﬁﬂ’ GPamperiant s ve
conponent s i FXRarYeRtaterats emablet: Thenkdditionoif ansther al@stBE kiR nbild o586

and/ or sever oaxi al cabl.es)., or in-¢onjunction with controlling the
spread of da?r\n%lgbef(?(ls%ﬁs?cgﬁlﬁ dn gporg detailwith pegard e EIG.Such as data drop/ add

nodes and/or repeargs ﬁﬂve?t%n Efﬂﬁnuulﬂg -adJﬂggglogi’e‘%oFé‘.&eh%ﬁ;@c'r%gthé‘\q”m‘” able uses

for the invention, all of which need not etarle t he

di scl osed entidl@nupting serfvicette ottrer motieoon tHRIREwbHRd Melethm fé‘g‘f‘véﬁea realized
and practi ceq{h\&\j.t hﬂ?u}tg tmdu? experinmentation. Although t F?e’ est node of :
carrying out RHEHRAINIQBGR! B98¢ si(teaminalimodeiontbabus can be grovddeted
above, practi | j Lt Jimted. thereto. ccordingly, it -
will be appr ggiﬁ_lafg?}‘t% é{%@éﬂgﬁﬁ \le'zldmﬁ}?lllty r@‘%ﬁ??&ﬂﬁﬁfqméhq .{ﬁl}@nfrihﬁh' may be
practiced ot ladditionel addewesld Iharbd ésitlebied 46 8 épﬁiﬁ@r—%&ﬁﬁﬁiﬂ& [ exanmple, the
i ndividual coggig,nents need not be assenbled i n'the disclosed Configuration,

but coul d, b@ddioarinade wenldithenizd thy nemytenminkl podedn the. phiysicahbes, t he

i ndi vi dual c¢ s meed not be fabrjcated fromthe discl osed material s,
but could be@ﬁgdrliq—g'} elgp?q Ernerting, the %ﬁdﬁwagﬂﬁqeaﬂl@mmmbmerEMr ,

al t hough t hevaplihd tepmi ; i her el ap be.a.physically’

separ at e nodul e, |t&ﬁv¥@5§g@m?@§§i¥ﬁéf°& lglfﬂ(isf ﬁf’ﬂ’rth&pg‘ﬂﬁﬁegf]h‘ﬁay be
integrated i ﬁamb@tﬂflmﬂpmna'huﬂsivébkpaﬂgidﬁh it is associated. Furthernore, all
the disclosed el enents and features of each discl osed enbodi nent can be
conbined with, flr* ei thasplitterocombiners diosmit beesitocbeclveated in ikl f2aé ur es of

every ot her i i except where such elenents or features are
o un | y exc?!&a;s?ﬂ\?%ﬁﬂe IR AULTERE dSXERP G SRS e Samse node Preferred

embodiments of the invention use a passive splitter-combiner device to bypass

the communications route to the new terminal node.



WO 02/ 21737 15 19 July 2004 PCT/US01/2G03 It wll be nanlfes#khﬂ%hoxarlous
addi tioons, nodifications and rearrangenents of the features of the
invention mtyOB¥2Hdle without deviating from the spirit and seepesuicesbe
underlying inventive concept. Ilt is inténded that the scope of the .
i nvention as defined by the appended cl.ains and their equival ents cover a
such additions, nodifications, and rearrangenents. The appended clains are
not to be.interpreted as including nmeans-plusfunction limtations, unless

imi i i Al i ' given .cl aim usi he phrase
Trenne for b moai Sefbirtle ©HTC) 37 & fdrfi{hod PuoSkohieh B fia HRe Bk date of o by
the appended slbpladd device 125, has bBen)tbnnedied 4o We 1844 2548 2385 fll‘?xr@lségqg?o /26

CLAIM5S What is claimed is: 1. An apparatus, conprising: a _
sput t er - conbi FOMbiRaTAn ghasfourthmode ﬁégmmgmcaltlvely sbnsgéd 8y the SR

i ne i ng: - ] | OR; [ ively. . led to a first

neadend nput " ot IO 036 SERTTEARE et per fuedoushmoduigut; and
. ; ; \ ! . oY 1 . C et si

Sputter via airot ghont ) Comand e dPOHRLE beTbieie bk peRR o1 -

i nput, and communi dAf ¢oresey additiphal chordes maf ibe adéd aoedooh Bl 330B¢ Seco

' ' ' ' o]l “conbi ner
.sput t er - conbi ner. .go ni.catively coupleable to the first splitter “co ,
s.gi d second sp F‘%‘E‘ﬁ‘é‘gﬁﬁ ) I:‘&.‘?’QiWPg}? itg spl dtesree@mbingrathesfatute of non- :

comuni cat i Vekmmhoé,%qngigngas ﬁﬁpﬁ{&ghe{a:eadend I nput and communi cat i -vely

coupl ed. to a second downstream o and , :

' The invention can include protecting at least a portion of a ring network

N against failure of active equipment. 'Fof':exaniple, an active equipment device -
can be isolated from the rest of the network by providing the node with which
the active device is associated with a splitter-combiner. If the active device
fails, the associated splitter-combiner will switch to detecting the shunt signal,
.thereby bypassing the failed device. This can be termed active equip-meht
protection. | ' | N o

Again, although it can be advantageous to co-locate the splitter-
‘combiners with the data drop/add dévices, 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.

Referri'hg,to FIG.'5, aring architectur__e is shown with a first node 510, a
second node 520 and a third gode 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 this embodiment, the data drop/add device 125 of each node is
commmli(.:atively coupled to the upstream inbgt 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. Data flow is from the downstream output 264 of the



a second signal cornbiner comunicatively coupled to said seqodiysioghal
splitter vig,y, d shunt, conmunicatively coupled to a second upstream
i nput, and Sgﬁﬁagﬁggtively coupl ed to a second headend outputPCWHEﬁéPﬁa@he
first splitter conbiner switches froma dlut state to a bypass state when
t he second headend is comrunicatively coupled to the first upstreaminput
and the second headend input is communicatively coupled to the first
downstream out put, signals fromthe first headend i nput switched to the

second headenctorRBpdn harglistef ;Wgﬂ ' witched to
the first headend%t.pu S%nd llg-gm&g%oc%%bg 1 1%%&%%5&9 93
wher ei n t he fiupstreapunpuwr272wfithe eorrespohding sipnial ebabimer?gok to the shut

state fromthe bypglis state when the either the second headend output is
communi cati vel y decdeisraRe pewie &G 6, the datarropladehdenisst126ris dbpicteddarad

headend i t A [ ' | fr t first d t
out pt 51 gnar 2T RS ok > rhe MREUB Al defifl 125 tibdes HEOPRGALL headend
out put via the_recsdiwrtGIOZ(.OHXﬁ'Eﬁ@@fwﬁézﬂ'$ec§éivéif|6§b@aﬁzbe"¥ﬁedéf§iﬁgl-&?‘-£%ftfet§ﬁi§2 bi ner

sputter-conbiner is a first passive device and said se spu
is a second pawapducegsuchces a ghargtrsouplpdidavics. Heattiedlritcnit\d2orie couplad o
nal node of a communi cations |ink.

second sputtersconbiner defines a term I

4. The a’Bpar attE%OBtfcaéF%qemq,élﬁu%@t‘%})m?’%ﬁt% 640 £ i poapled te thenbi ner
conmuni cat i vel thhe the ' : L= i.ner.. sai d gnot her
splitter- corrbg?r clﬁﬁg ngﬁ?gﬁﬁéﬁglttﬁé}sﬁgﬁ%ﬁ%ﬁ @8?&(20 'r’ﬁpgﬁ@i sau‘é%“upl ed

t o ‘anot her headuacldas afaser diodeconmuni cati vel y coupl ed .to anot her downstream
out put; and anot her_si gnal conhi ner  conmuni catively coupled to said another

signal sputter via entiomean alse iy ashining twacoupbesioft ibanot her

upstream i npu Ui | plLed to another headend t put,
~wherein the s?g%tggﬁ%lgi | Et~g§§%{e\ég‘¢%§\f/§ﬁt gﬁ@lgrpftn% Sief PO e‘%ﬂ}a when t he
anot her headerdmbittepthesd finetionalities avio/6f the RpRIEIcSAbinkE c%i%gﬁmt ream

i nput .and the anot her headend input is comrunicatively coupled to the second

dow ~am out puttogstleriadermna combiresdavices pAgainy preferbichembsditeats ofvhechabl e

badcto stnt fi , enthe. either.the gnother headend output is
comuni cat i veFigl ééggl%? BEQSFY%%R?W&'%E@H}%- WEX S F‘H[ﬁﬁ?e"& Ofﬂ:@pinvention
anot her headendan beithpletncieWith Gative SHHEeSnlifgs! r om the second

dovvt ~s~anmput-put. The apparatus of cl'aim 3, wherein all nodes that are

“included in said cdafemingtoiEGs 7| & physicad ltwdglogicsying ist dopieted whihnd figst .

capability. y. 2004, WO, 0 1737 18  PCTI USO1/ 26693 6. The apparat us

of claim1, fﬁ%&%zw’é‘oﬁwﬂ pRde 2%5’8&6@%9 730 \saek of which includesa
data drop add device 125. Of course, additional nodes may be located between

b

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. i

- The invention can also b_e 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 program. The kit can

also contain instructions for practicing the invention and apparatus for carrying



cormuni cati vely coupl ed between said first upstream i nput andismiybhosgcond
headend out pﬂboﬂmﬁhe apparatus of claim®6, wherein said data drop/add

devi ce includes anoptical -to-el ectronic transducer coupl ed t BCEASHU2668Hnd
headend out put and an el ectronic-to-optidal transducer coupled to said
first upstreaminput. 8. The apparatus of claim11, fiuther conprising an
optical fiber comunicatively coupled between said first upstreaminput and
said second headend output, said first signal sputter.includes a fi.rst '
optical beam squtttheinvestidr) Unlesitothérgnsd spesifddngie d Sahd b5 i cal
beam combi ner, said second signal sputté% i_nciﬁ{jedgﬁ?dgg@tgggﬁ%%ﬁ%gﬁ%beam :
sputter and saang/ @é@@iﬂlﬁ@n@r@ﬂ%hc itisan be thersimelasthase esalniad theinveatiopeam
cornbiner.. 9. The ﬁar at ut? of cl.ai m.e., ézitxrt her .conprijsing a coaxial cable
conmuni cati vel y"c‘oﬁg SvERboRcr dlse ytilize data pragessingmetheds thattransforns econd
headend out putgj ' j ' ther. b hc . LISt ectrjcal
sputter ci rcuiS’tlf,%ﬁagﬁaiﬁtgix{f(ignr':ﬁtsstt&ds3 ?gﬁg?tﬁ%g%‘?ﬁé‘?ﬂ’ﬂ%?ﬁ%‘é‘ e%tm ?astlei’eéfz%‘e{“r“ieéal
conbi ner ci r cuiith irstiuchentationdo obeaiabtateDutiriable infermi@idg oh the dendtdl ectrical
Sputter circuit an& sai d se¢cond signal .conbiner includes a second

el ectrical corf¥¥iis) i actyate interconnerted diserote hantwaredements oF er inefantdSalid 26693

10 A terhodo | o VD D 008 T Tante .
expansi on capabt iy aRdpdfie opRiife B¥ TRt S ot e smlf e qammeers
sput ter - conbi remd reportihg Wliesthfe 18 tREREIRIRA] f&idletorddafist @Fia'gﬁ{,sg{c i ner

including: a first signal sputter comunicatively coup a rirst
headend i nput Fawthesdheimvestion omi gvenduplude neasuridg thetrelieive signabatambiod ; and
a-first. si gnalqe.?‘gnbi@eb conmmuni cat i ve co%gl ed tg said first signal
sputter via a SH IR OPAsS A3hvRt e GngRg s the Spiit adforad the sigpak spligfetsr eam

i nput, and comy/urGainal | - Provi ding a
second ‘sputter- cpm(:é);i ner&%:%%ﬁtggivé@?@e ?(l)%%l ggﬁ%@%u?ﬁé&ﬁaﬂ% index

sput t er - combi risvices,shereby bowetinepdeteated noisb frot theshutitiintng ByeRs epérafibgnal
sputter comuni cg%%vehé' coupl ed tqQ a second headend, j nput and .
comuni cat i velYPHSipRkAnsysly maintrining sufficient shbeansitivity 4a aneet shemseds of gnal
conbi ner COmT%rgd;,ﬁh'gMﬁls%&% |l&dnpt 0. said second signal sputter via a '
second shunt, conmuhnicative g coupl ed to a second upstreaminput, and

communi cati vel y couffiectdnh approsinstely, e askeltbreint itdefinddds aP1eabi A8se to a
conmuni cat i velﬁ t he second headend output to the first upstream i nput and

the second he&HEHdalIF:e- Brefarebly vwithin d8¥nef, mormpoeferably wither £%aoff andst

sputter conbi ( i g shiutmst.ate to bypass,state n {he

sgcond headengﬁ%stg? #&’%@%@Wﬁ&@féﬁ}%&ﬁ? dy ‘lSﬁa th%tls.\Llﬁyggﬂ?‘L%n

i nput and t he cormeabet, b%dt%&ssﬁlymmpjﬁﬁﬁd@{egeg%% ,?gﬁﬁ@“{ahg first
ched to

downst ream ouh‘%;t , signals fromthe first headend input s t he
second headend IerigE deplayigegerased hereim is defisestamdeshgningg itaildingy shippitigt ched

‘the fi i d in the fi nbiner 1s th
Swi 1 ohabl ¢ babb g ARYeFHberihe. PR lchinlrbalip of BhrepE Pemiviat promam: aner ( no
second_headendselhatu, isSicfiaelus s aguetith le%%Hﬁbﬁﬂé;fgﬁ%ﬂ%&%é&hﬁ%‘éﬁf&hé?am

i nput or. the second headend input i's conmunicative coup
first downstr eempuier systemsiAyproigsarh miay inhlnde iarssbrowineen furiction] a préceahed t o

the first headend. oyt pyt via fhe shynt. .
| an ogjeckJ m%ﬂnod, an o{ure]ct 1mplfementation, 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-
- combiner should be i_nexpensive and reproducible. Conveniently, ﬂ;e 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



19 July 2004 WO 02121737 20 PCT/USQ /26693 11. The net hod of 19|J§\1'?,_r§bd¢p,

fiuther co L S] rovi ding another splitter conbi ner conmuni cafi vel
coupl eabl errpe(;)é ﬁ%@ggﬁgcond sputter-conbiner, said another sput tP&T@M%@:‘
i ncl.udi ng: anot her signal sputter communi%atively coupled to another
headend i nput and conmuni catively coupl-ed-to another downstream output; and
anot her sigaal combiner comunicatively coupled to said another signal
sputter via another shunt, cormunicatively coupl-ed to another ;\g};h%am

PAPo

R it L
. r-.sw _ .
f}gggggdsgﬂ: tpﬁlrigﬁtgcm%%idcaubwmchniquapl ed to the segond uEstream ijnput and
t he another headend.input is copmunicatively coupled to the secon

S‘FR}V%W& de partialarsaemdfacipiveg procestiseddor fabricating the
.g\?\n‘.’\?ith;g?;n g%&?&&-&%ﬂi &Iig'ﬂ by ?lztza]vtmi%i h-entei t%ﬁr ok he.tanot. er .headend
output is comuni catlvgpy egou% .fP PRENOn251gng g8 tRIGHAEH MG or t he
anot her headedesckibBd fiuhdiohaHRK 6L s@%ﬁ@%ﬁl&%{lﬁe@i iSentfRRfl

downstreamoutput. 12 . The nethod of claim 10, further conprising

moni toring a Selpetdhe mpnvfasturing progess Hasedopamisoling apc(lj) nsber;ggrrﬁqxﬁﬁemg[nf?e t

met hod of clapm 12' fiuther conprising reparting sajd swtching state to
sai d headend. hffxpe‘fﬁg %ﬁ%@nﬁqﬂr%&tiﬁaﬁéﬂ#ﬁowh d@?gerrl aids erlo ng
'sai d swit chi nghe 1 a@gﬂﬁ%t ' ta. 15 . “rhe nmethod of claim 10,
further comr?]sﬁlvgkﬁlegisiaﬁfng a r%rﬁg%L?Ve signal attenuation between a first
detect ed bypass si §While notbeing liniteddoeay pedicalutperfor@mide indfeator bpe met hod

) ' ~ he i Si changing a split ratio of the first
g;[ IC![ ? |e£n c é? n baﬁrgPSS%%%%&g& rred gmbodi?n'_ent_s of the invention can be identified

3'(°‘an Yz cA:@ f@@aﬁ ﬁm’g"@ teﬁ@é-: B‘r'%h@in%séat’lc%'S)%Isui%iciée‘l\{’s@@ai spf{'tlaﬁgtpﬁgﬁi e?egritéllz
at the headend qutput of the splitter-combiner. At the headend output of the .
splitter-combiner, the difference in relative strenéfh between signal(s) entering .
the hea& end input and signal(s) entering the 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 ratibs) of the signal splitter and the signal combiner. This difference in
relative strength can also be achiex"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 undue experimentation by the use of a simple and
conventional signal sfren_gth meter experiment.

| " Examples
 Specific embodiments of the invention will now be further described by |

the following, nonlimiting eiamples which will serve to illustrate in some detail
various features of significance. The examples are intended xherely 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

’
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! caPH, QHJENMWW S| wr mhe
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] ca] ca] ca] ca]
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Al CA] cal cal onl ORI AT e Lt e e GA e iy B ARy czﬂﬁ ok

}}} =Pt *| >_7ppxenmdiel} 95%cof] tha]srg@hbaie%} ralirsiedabwatdhe @ﬁia&.@] Saltagikcal cal
ca] ca] ca] ca] c%% a] cal}ca] a cal cg& caj ca}ca caj ca] cal KO J»

6CYs) @ xsni d_AeFOPHE caY ﬁ‘jsc‘ﬁlﬂé is gppa perf éﬁ]%ﬁp@@ﬂ@h}@a}m&pmﬂ}/c a] ca] ca] ca]

5Cve) @ s o2y THEar ) ESHE DRABERINE ot B WRG anlon SUFCY 8 ca) ol o]

Cgl/«ga]( ? ag(igl/;‘adf? hemilg %ﬁ%@ %%Z/gﬂ(l? o)F %ﬁ%%‘l/& ()Ellé é@?@g%%%/g%de& S8%bps: () -

109 () - Ig n@/ci‘@;%bl@f(‘?’hsﬁfi ggp/m’o@c)mmw)ﬁ% (Of the czirﬁlﬁnedmgﬁﬂ eiﬂ%,w]lxg %ﬂ((fé)d‘ 'Z40
%ggjg E g i @@é){((y&di%/&ﬁé%ﬂb}&t (abnd%g;g:ww?e}&i gé% c( )the com hmeE signal energy1s -
derived from the bypass. Suitable fiber optic couplers are readily commercially
available from JDS Fitel (AC Series); E-TEK Dynamics, Inc. (models SWBC
and/or SMFC); and Amphenol (part nos. 945-130- 1000, 945-131-1000, 945-
132—1000 945-170-1000, 945-171-1000 and/or 945-172-1000)
Example2 - _
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 mclude a signal splitter where
, apprommately 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 JDS Fitel (AC
| Series); Amphenol (part hos. 945-130-2000, 945-131-2000, 945—132-2000, 945-
_ 170-2000, 945-171-2000 an'd/dr 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 combiﬁed
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 splitter-combiner. The
splitter-pomBiner 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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combiner where approximately 10% of the combined signal energy is derived

from the shunt, and approximately 90% of the combmed signal energy is

derived ﬁom the bypass.
Practical Applications of the Invention

A praqtiéal application of the invention that has value within the

technological arts is the non-intrusive expansion of communication networks,

such as adding a data drop/add node to a 'logical'l‘oop. Further, the invention is

useful in conjunction with controlling the spread of damage from failure 6f_

passive components in a communications network (such as broken optical fibers
and/or severed coaxial cables), or in conjunctlon with controlllng the spread of

damage from failure of active components (such as data drop/add nodes and/or

repeaters), or the like. There are vxrtually innumerable uses for the invention,

all of which need not be detailed here

Al the dlsclo_sed embodiments of the invention described herein can be

tealized and practiced without undue experimentation. Although the best mode

of carrying out the invention conteinp’lated by the inventors is disclosed above,

_practice of the invention is not limited thereto. Accordingly, it will be

appreclated by those skilled in the art that the invention'may be practlced

otherwise than as specifically described herem

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 rieed not be fabricated from the disclosed

materials, but could be fabricated from virtually 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

eﬁccept where such elements or features are mutually exclusive.

10 .
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equivalents cover all such additions, modifications, and- rearrangements

The appended claims are not to be interpreted as including means-plus-
function limitatidns unless such a limitation is ekplicitly recited in a given
claim using the phrase “means for.” Expedient embodiments of the mventlon

are differentiated by the appended subclaims.

¥
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/ 210%8& () - 2s-10 /B%rs(t splitter-combiner coupleable 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 commuhicatively 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 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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109&' () - ~Pf dHStbypassishitd WRRh dith&r thOKE dhed@nd Ot (s)commbBRRively-decoupled
from the first upstream input or the second headend input is communicatively decoupled
from the first downstream output, signals from the first headend input switched to the first
headend output via the shunt.

2. Theapparatus of claim 1, wherein said first splitter-combiner is a first passive device

and said second splitter-combiner is a second passive device.

3. The apparatus of claim 1, wherein said second splitter-combiner defines a terminal

node of a communications link,

4.  The apparatus of claim 1, further comprising another splitter-combiner
communicatively coupleable to the second splitter-combiner, said another splitter-comber
including; '
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, commumnicatively 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 from the second upstream input or
the another headend input is communicatively decoupled fiom 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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6.  The apparatus of claim 1, further comprising a data drop/add device
communicatively coupled between said first upstream input and said second headend
output.

7. The apparétus of claim 6, wherein said data drop/add device includes an
optical-to-electronic transducer coupled to said second headend output and an
electronic-to-optical transducer coupled to said first upstream input.

8. The apparatus of claim 1, further comprising an optical fiber communicatively

coupled between said first upstream input and said second headend output, said first signal
splitter includes a first optical beam splitter, said first signal combiner include a first optical
beam combiner, said second signal splitter includes a second optical beam splitter and said

second signal combiner includes a second optical beam combiner.

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 éircuit, 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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10. A method, comprising deploying a communications link with non-intrusive
expansion capability wherein deploying includes:
providing a first splitter-combiner coupleable 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 via
a first shunt, communicatively coupled to a first upstream input, and communicatively
coupled to a first headend output; |
providing a second splitter-combiner communicatively coupleable to the first
splitter-combiner, said second spliﬁer-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 sécond 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 communicatively decoupled
from the first downstream output, signals from the first headend input switched to the first
headend output via the shunt.
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11. The method of claim 10, further comprising providing another splitter-
combiner communicatively coupleable to the second splitter-combiner, said another
splitter-comber including;
another signal splitter communicatively 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, commumcauvely coupled to another upslream input, and
communicatively coupled to another headend output, o
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 upstream input or the another headend input 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 claim 1 2, further comprising reporting said switching
state to said headend.

14. The method 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-
combiner.



