;e3e, (()D*4+%4, 6j, T,\dOWD 02/ 21737 PCT/ US01/ 26693 FI BER PROTECTI ON AND
NON- | NTRUSI VE EXPANSI ON METHODS AND APPARATUS BACKGROUND OF THE | NVENTI ON
"1. Fieldyphoespesynvention The invention relates generally pcqiddg2édos! d of
comuni cation networks. Mre particulgrly, the invention relates to the use
“of splitter-conbiners in ring conmunication networks. 2. Discussion of the
Rel ated Art Communi cation nodes are designed and used for @oi nt to point

communi cati ons over a communi cat i ons nodemmmmll ﬂﬁmm tting and
recei ving (TX RX) souﬂlﬂ\ﬁ{“ﬂ”ﬁ@ﬂﬂl“%bg a plurality of n into a
ring network is well e skilled in the art ofisaeMUNI cati ons.
What is also well known i%¥0¥at an interruption in conmunication service

. can be both inconvenient and costly. For instance, a conventional ring

w th threq nodeb g PROBECHR ANR NOKERT TR Ta AR ANION Peadena. Each
of the nodes 110-130 i ncl ugdgeTROO8LAND PP ARA TGy ce 125. Node 110 is

physi cally connected to node 120 with a pair of optical fibers 140. Node
120 is physically coupled to node 130 with a further pair of optical fibers

150. FIG 1 indicates b I ne ddi tional nodes may be

posi ti oned between nodeéA@%gggm&ﬁi%mﬁHﬁbﬁce of a conventi onal

ring network i Sho‘éﬁel}%&ﬁh@[nv‘énﬁ&ﬁere a ring architecture is depicted with
. 3 :

t hree nodes 410, 420, comuni catively coupled to a headend. As above,

each of the nodi® ifléhtibaGelates|dedeallyhe tisbofield df comadthicheionartwarks. However,
node 420 is physically connected to node 410 with a single optical fiber
440. Si m Mereypartitydariy She inyepigrsielates tp thoun elsplifersembinges imiting a singl e
opti cal f'cgl%rrnudfl?gatio'leln%twérk%.nd' cates WO 02/ 21737

2. Discussion of the Related Art

Communication nodes are designed and used for point to point
communications over a network. A communications node is a transmitting and
receiving (TX/RX) source.

Stringing a plurality of nodes together into a ring network is well known
to those skilled in the art of communications. What is also well known is that an
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 with a
further pair of optical fibers 150. FIG. 1 indicates by dashed line segments that
additional nodes may be positioned between nodes 120 and 130.

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



PCT/ USO1 /2603 by dashed |ine segnents that additional nodes may be
positioned al ong fiber 450 between nodes 420 and 430. A disadvantage of

ei t her of wighe2/i1mst ances shown in FIGS. 1 and 4 is that a bpeshsonssds t he
optical fiber lines can prevent all of the nodes frombidirectionally
communi cating with the headend. Therefore, what is required is solution
that provides the network with at | east sonme protection in the event of a
break in one of the fiber Iines. Che approach to providing sone protection
in the even teak in on rs in the past has been to

of a bl ﬁ I b
connect the Sashed lgtegmentsjt mdé&mra H‘P esdnay bepositionedalong #herak in one
fiber can t gy the use of a parallel redundant fiber.
However, Bl Sgg%éﬁéﬁg{é)geggd 'S approach has been relatively high cost.

Ther ef ore what |Ad3hdvauoagectﬁ‘¢1th5r@fthelinﬁtames stiain B FIG S gSandan® th4tot ect i on
in the event of a fiber break in nore cost-effective manner. Anot her

probl em wi t ﬁbr?ﬁksoqeécfﬁhepaw fiber bwwanmve@kp&ngﬂquﬁs fromi ng net wor k

t d t th
Fequi res.  nalitshbH AR Aith e BGoend rardlofs. Fhedis et new
node can besplpfi6h ted pkd\h@estthé*nét'vxféﬂk with 4 10458 8dmé gnrot&ﬁldn' il9hEaRnPoeyent all
of the nodes from bidirectionally comrunicati ng he headend until the

i nst al | at i ohrdak monpbﬁthe ﬁhenlme:ny comercial settings, such a tenporary
interruption to ipstall ﬂdltlon nodes i s ynacceptabl e. Therefore, what

is al so requi red 7€ PEACHEP BFPVIGILE SRR Protectiopintbe qisnt of 8 ikzkenpanded
W t hout i nt \/ th this
t echnol ogy ﬁgés EHggﬁofegfﬁm@b&ﬁ%géc’ple@goedogﬁea‘%ﬂ?wfé gé%ﬁ%%%mg | f one of
the data drogluadahtarillebfibémsi [Asbreak fin oﬁe ﬁbﬁ dandhen beovdreome ehrongied from

bi di rectronahgjy cqonmuni ﬂtl ng with the headend, Therefore, what is also
required ist ginsrallehpdupdanyifibes Howiewen aslisadnmantage of thistapproasht i ve

i t f t th
event of a .gn‘zge rela B Ely AN Congt BhcloRAH WAITE hisP hePdedts 31s8RAie Mttor ect i on
i n the evenpriiidedebméeroRuiidiiithe baédt Wra fivep bfdakaf alordRB¥eRRYige NOt been

fully nmet. What is needed is-
manner.

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

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

Heretofore, the requirement(s) of protection in the event of a line break,
expandability without interruption, and protection in the event of active

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



WO U2/ 21737 PCT/ USULl/ 26@@3 a sol ution that addresses at |east one, and
preferably all, of these requirenments. The invention is directed to neeting
these reqyhoeenis, anong ot hers. SUMMARY OF THE | NVENTI OMcA/@0#hec0s t he
~invention is to sinultaneously satisfy the above-di scussed requirenments of
network protection in the event of a I'ine break, expandability w thout
communi cations interruption, and network protection in the event of active
equi pnent failure which, in the case of the prior art, are not satisfied,

much | ess sinmultaneously satisfied. Another %oal of the invention is to
sat i sfyi ng amobition theicadsiresspeatdeast qne, raadwaefsrabbnall, ofthese sequiresrenthe

sat | sf yi ng acbition § fs R,
commmuni cat | DRARTRHEN A EAnG. eegre feey teaairBrats. SHEAMRS VS ' Coupt e

to a headend, said splitter-conbiner including: a signal splitter
comuni catively coupled to a headend i nput and conmuni catively coupled to a
. downst ream out put ; and si gSMMABOFEFHEINNENTH?Nvel y coupl ed to said

signal splitter, co jcatively.coupled to an upstreaminput, a

comuni cati vel y fécsagﬁﬁ'h%m&nﬂe e dQ‘BHEﬂlﬁopg]Xﬁﬁﬁ?éﬂﬁ%gﬁﬁY&Fmse@? t he
invention i hsd 1 Q@HH&HU tions |ink
at | east ar%%‘?ﬁ%g%lt%&g&]%hmp&%ﬁﬁggfé%@d%agﬁﬁi? M%P%ﬁ% ondutl:lt r failure,
wher ei n depkiehtut GoinAtinichenp imerraptivg, and detvarkiprotectiondnthé eveéntof t h a

splitter-conbiner that is conmunicatively coupled to a headepd. Another
enbodi ment agtive pauipmeahfailvre Whichaindhe spsepfithe Roer abawpPPkIabglittepl oyi ng a

. . Tk vith . . : i wh .
depl oyi ng. ITRTUSEEAIGRRRY SRiHE K fefer R shb iRBol ity e e
splitter corgig{igfgfngc&wmy@jeyemtmh@ﬂb_to a headend. Anot her enbodi nent

of the invention is based on an apparatus, conprising a conmunications
link, said conm@neembodinért ok therioventiongs hased| ant ancappeeais, gemprising a

i gnal - spl { TRk ro ey Renesan bnk redidiBha SRR ' 1o @
communi cat lc\b‘ﬁj;r%urﬁeé’tg}le‘?flc&%)lé’d AP REIdeRE Saft i phiter-cBmBiner SitRldi@E01 ner

comuni catively coupled to sard signal” splitter, comunicatively coupled to

an WO 02/s7gnaBgplRESF/conimvi 642! yugmiplebtm 4 gadend Bupdt emhmuni cati vel y coupl ed
to a headend output; and a g(gta drop/ add device (go_ ni cat.ively coupled to
sai d downstoEaAVRIGHHELY sopled i AP waTreaR) Qutpht, ane gienal COMRYNEfpst r eam i nput .

Anot her embdi i j. i : rising a
Communi cat MRk et) Bulily B LA dfaha BARES cOMnfhiGRRENdiPIcdtBRR! | o1 N0
splitter-cajpsiraan igiTamd esrthmuficytivalypbesied e a hbaieddodipus.aidnofher st

splitter-conbiner including: a first signal S‘il itter communicatively
coupl ed t o embadimentfthe ventpuis kased 68 Ainethed OPPrpineAEPIRAE ® a first

downst ream out put.: {.hSt. Si I i i i coupled to
saia 11 ret SrRubicaRAR A T bR GIBRLR R pEREIPAUAR| Mehot TOUP OF

i nput, and dopdiietar fh@lhké’,&b%r@iﬁ%bﬁﬁirt@in@luﬁbi pﬁqvhﬁﬁ@@zﬁd cotinpuiicatidnslat a

drop/ add devi ce comruni catively coupled to said first downstream out put and

comuni cat i link with esplitter-cembiaethat issommunicatively epupled 19 asleadenil.
splitterconpiner c ni catjively caupl. bet ween sai,d first headend i nput
and sai d hg‘gﬁ‘@ﬁﬁf, e’ﬁ‘?‘?@"’f@@% eé%‘fei"ﬁf)gr's- o] Pﬂ&m?tﬁf??i’ucd’lnﬂ)&s"ég second si gnal
splitter codgﬂ%e]j- ¥R iBPhSh-NRRERB XAk iPEaRabiligRt | vel y
coupled to a's éﬁ%gbgoms@%iaah?gﬂ%gﬁ?ﬁ%nd a secggd éi gﬁﬂgd c%frfbi ner
conmuni cat i widrgincdeppdyanlg inchsdes provdingdail gaahusipaticnsdink wivhensplittert i vel y
coupled to a second upstream i nput, and co nicatively coupled to said
first headeismbpgrgommppicaiayely soRleding headepde i nvention is based on a

met hod, conpri si Rgoﬁg%ple%wigné?ﬁB?er&ﬁitoinquﬁgepiﬁn g s, @ portion of
which is protected agalnst active equiprment tailure, at includes a

spl i tter - coiEmprding® oomatadatioas Yink sail esnipahisationsdlinkainaludingd add devi ce
and a headend. These, and other goals and enbodi nents.of the invention wll

. be better ajphtectembinessommmisativelyronpled te ahepdrnde said SPMEHTCOMRINGN Wi t h

the follow.n escription d the acc nyi n raw n . uld be

under st ood, ™™ F,Spgt’ﬁgfplﬁf}?é CP‘S’P}“M%%Y e%oyp %Sﬁlo %meag‘%}dl léb’iltﬁ%ﬁc ating:
preferred %H?&Hhﬂi%@t‘i%l?fcoﬁ}?@d 41y 8BWhQreaAN ButpuiTRInG WiznaPesihbingr det ai | s
thereof, is given by way of illustration and not of limtation. Mny
changes andcammiirhicatavelp coupley tdsaidreigaalsipliten comumiensiyelyf caupéedi tava@nt i on

Wi t hout departing fromthe spirit thereof, and the invention includes all
such nodi fications. WD 02/ 21737 PCT/ USOL/ 26693 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS




A clear conception of the advantages and features constituting the

i nvention, and of the conponents and operation of nodel systens provided
with the woemdizom, will becone nore readily apparent by retgushirssedp the
exenpl ary, and therefore nonlimting, gnbodinments illustrated in the

drawi ngs acconpanying and formng a part of this specification, wherein

| i ke reference characters (if they occur in nore than one view designate
the sane parts. It should be noted that the features illustrated in the
drawi ngs are not necessarily drawn_to scale, FIG 1 illustrates a schematic

view of a cHRYESAM Bipat. avH\comumpnigatively eppnried tor2 hepdend putpyt;izadal data abel ed

"PRI OR ART", je .a,sche i,c Miew of a physical . bus, |ogical
ring with egf:@/%)ddée‘)ilénéc ué@ghﬁﬁgﬁlyt@gﬁﬁg5%5?'?@”%?8%&%??“& F%Q/i de fi ber
protection goMnichivelyddupiid1o saMRRAEeaR inhAPARSERF eRBodiman Bpgicment of
the invention. FIG 3 illustrates the physical bus, logical ring of FIG 2
af ter the numentipn s based @dianiapparafusacoroprising aederhanicatpna link, said
splitter-conbiner., r.eBr ?sEnt iln(?l ancfenbo i ment gf the invention. FIG 4

i |1 ustrat es QMoK & K &RFa4Ing 2y CERAMDMeR gompumigativelyy e
appropriate ) : " 3 i . i cggrmt I iew of a
ring archi tgbé?lg%%wgg ﬁ&%%%ﬁ%tfg@%ﬁ%&%&é%%@ fﬁ?‘gi(gﬁtbll ertjsf)l‘r\t e:fch can
provi de act comnemidativelyt compledetota fivst headpné fipot and cammunivadiegtoupledt he
invention. FIG, 6 jllustrates a nmore_detailed schematic view of the A/ID
nodes depi ci@afirst dopastream putpytandp fiest sigpal cosehiner comppupicaiely FI G 7

i |lustrat e\ e hysical. hus. | ogi i hi t ect
i th each AP RERITA frstsmiaP ol Ut fifhicituty oBIETla 4 FRF vBitRehm chv oo
provi de act inpat,endidofEhinipitdicte thlediisla first BeTedd Yutpti 53atﬁ@?oﬁ7£dﬁéi de fiber

protection and/or non-intrusive expansion, representing a conbine
enbodi nent  devieheommuainatively coupledoo/s2id A3t dymstisan agpeand DESCRI PTI ON OF

PREFERRED ENMBOD I\AENl;S The ip\éjnti.g;}. agdwé%e various fe tUﬁes and
advant ageouSOHBIEH L Vel soupled Ip said Hisstupstreamdpput; 81sesong: spHtiPlst er ence to t he
nonlimting exey ' I ®ublddisehw : j dr awi ngs
and detail eg&?ﬁ t%ﬁgﬂngﬁkaﬁdfg@re:dpti oﬁélﬁ%l%?g?rgrg?%gag%% Pr{e;gitd S.

Descri pti onbeasiendgdaid $avond splitterecvantiseraindludinge esecond sigmahsplittees are onitted
so as not to unnecessaril scur vention inh detail. The context of

e . the i
Che | nvent | SPMTREIGEHREY coMRlsd e swin dirasiend @heomppiatvaly sonleda 3 ons
i ncl ude phygd i I i i i ncl ude
ring ar cﬁi %/iécc?ﬁﬂri gE%% rgﬁlﬂ'ﬁ\f}?ﬁ% [ dé’ﬁ%zﬁfﬁgﬁ‘g%%h@cejc%}éﬁ%%a’ﬂ@%ﬁ%@ in the

transm tti ngoypd¢chtoodaichsevodé simndl splivtenesonaplnititérely bodpled fes edovhdg pat h of
the sane node. In the case of optical signal splitting, the splitters can

be readi|y BRTHRRFCIPRP ¢ng cammumeativelyeqoupindite spiddfinsbhgadend inpuh t he case of
el ectrical gi T ,ILer e siqmle Y branches. In

ei t her case‘,%!ntg nv\%l‘ S?B%) E{éﬁésnglg’ff%]%%ﬁgé@gdﬁ] %Z)a%eéitcj%r%gwtﬂioég?ﬂlgpnf%gcorrpose a
splitter- codéploging alconirinsicatuidlilg a¢ Rabi Hp6rloh OF wiHich RiprofeetedRkhinber s
functions as a conbiner. The splitter-conbiner in-turn defines a shunt and
a bypass. Bictyesapipnent Spilpre) thatioalvidasa splitten conebibgrpmesmunitativelyai n of from

appr oxi mat e LOdB .t o approxi matel,y, 20dB relative to signals conbined from
the shunt, %&?&ﬁﬁ%ﬁ%ﬂ 5@3%[‘#83}3?#@“?5 aﬂ?a\;‘leﬂ‘ied‘%by_ the splitter-conbiner.
If a signal is pméﬁﬂbn@atﬂehgom’Hﬁéémbblhhﬁerﬁé’BPﬁl%iﬁ&&%h\%ﬂllﬂebl%ﬁepet ect ed.

If no signal (or only a very weak signal) Is present on the bypass, the
shunt si gnadppaedipted @ndendesstodd wheni nisideredtiaconjunctippwithithe éllovdhg si gnal s
being tran by signal s being

smtted alo t he shunt, are qverwhe] ne
transmitt eo‘in?ff"’aﬂtémf ?1%‘{1 ﬁw&gglﬁmw%erwpgfr Iérséo‘ﬂa@éﬁfl?mﬂ?é: Boyweverers t hat
conpose th Int E&rﬁy : ORE LG i tical
comuni cat ?tgﬁgmﬁet? %‘?’ . Ns?"e?éth&a?P‘(/}g\%yl?@%hg@péegﬁéﬁ%@ggﬁgl%ﬁgﬁéﬁ%ct rical in
the case ofinsentireaid manéroas specificdétaidnthersdfVie pivenfiy WAL HF ilkiBesfors Pl i tters
coul d even be vibrational in the case of an acoustical conmmuni cations

net wor k. Q3 natpflinitatiogp | ipnyeshangesand medificetions mupbe miagle peithin the

7T U1 20885 B el SR e Mok B . 2 P

conbi ner cdrvention includes all such modifications.
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include two fiber optic couplers. The use of a passive splitter-conbiner
confers maj or advantages. There is no need for nechanical or electrical
'swi t chi ngwo];l;u/gfﬁﬂ s no need for fault detection. There is pgq/uxagsssh®r

noni toring. There are fewer conponentg conpared to an active device. There
"is no switch to fail. There is no switching tinme. . The invention can

i nclude protecting at |east a portion of a network against failure of
signal connection lines. For exanple, given a physical bus, |ogical ring,
each node can be provided with a splitter-conbiner. If a signal connection
line fails, the splittBRIESMENERIRTHNIQF RHMERBRAWINGShe failed line will

itch to detecti i l's f th hunt . t hi ,at | t t of
the networ k can DSV sOBGPUan et dhe edtantiEreind BetueqtaEAE e, Thi's can
be terned f; - nr i | - i { e
| ocated in lb ﬁé{tlsoglhgﬁcgﬁg{shgbsn mygﬁ%rﬁtg aggbgérgﬁggﬁggﬁﬂgleé&?tggg ,prgfmg(\i/gﬁth?he sane

nodes. The thplinvehtion cwitbbevenr meaie readilyosiaesht by refetriveeto the desmplernef er r ed
enbodi nents of the invention use a' passjve splitter-conbiner device to
shunt the canditherefarenenbimiting embodiments Hiustrateddnthe drawingsierring to FIG 2,

hvsical b L oai cal .o . . iy ¢ . q
node. 220 arfeamPRRARE AEdnt § sAEUrabS tptiberb WhSleid R rdiddned 235°"
devi ce 125. tal4gters (iif PiblyCicBS irPMoRARRE dnk vidv)<REIZRAE $he fite palell tTt onal nodes
may be positioned between nodes 220 and 230. A splitter-conbiner 250 is

| ocat ed wi tshionldetrctoted thah ¢herfeatusesillosteged irtthe drawingharegt ingeessardynbi ner s
250 includes a si n%I splitter 260 and a signal conbiner 270 (see the
detail nu P?mF%I%ﬁFﬂg to the splitter-conbiner in the second node 220).

The si gnal conbi pRg ¢ {&siggﬁeg9mgﬁtdiwwa%u%rﬁfémhg%nyyﬁcaﬁwal splitter

260. Each of the signa rtters 260 1s conmuni cati V: coupled to a

headend i nplegicabidng, apprépriatelglabeled PRIOR ARI™at i ng to the signal splitter
in the third node O 02/ 21737 PCT/[ USOL/ 66&3 8 230) E%gh of .t he signal
splitters 260 i sFiG@mmilvstrates asrheradifoyiey ofg yél’&?\ﬁ?ﬁr HpYItoes. Each

plitters 260 i sF3rnliweaer e o ach
272 (seo. nachiPP iR bl CHRRR ARlo Gl SRR RS by Coi 7

node 230). &apér @in-inh@sive eRpAnsicH)pépiesentiag Aniemboaiment iof did metntionoupl.ed to a
headend output 274. The path (connecti on)l bet ween t he downstream out put 264
and the upst r eanFlGplillugtrates the physicel busi legien} simgof Fifie2 gftpetheyanh,

typically a shaorter, .path tween,t he .si gnaj. |1 L.t t si gnal
conbi ner 26’(5‘§’?:’§1W ¢ Bgd'?@Pr?g&t}gug\%ﬁ Hﬂfk.’ Hﬁ“ﬂﬁé %isgiltéﬁg%’éé t?'lrg{{t ?e%? %%Hgneﬁ gr?dr op/ add
devi ce 125 ghb&daRnhe0@elisvengioauni catively coupled to the headend out put
274 of the correspondi ng signal conbiner 270. Data flowis fromthe signal

conbi ner to the HEBad dluspratesd sdkamatis viBy qfrasoingientipnaheng Richitegtotée 230 with
its splitter-conbiner,, an,| £xpansion feature is enabled. The

addi tion pfapé}ﬁBQ'F?é&y%‘ngq o‘gmed node 230 will be discussed below in
more detail wit hﬁf@g@nﬁ]sﬁ&&h@.chénatw.ewraﬁrm ArchiftnidGlitifeachddiyeg a node

to a network without 1 nterrupting service to other nodes on the network.
For exanpl eincliiditgna splitteysioarindspwhichagn padvide actjvetdyeipnaeit pfotectionnal ) node
on the bus can be _provided with splitter-conmbiner that will initially
det ect si gnEfPECSERIS @m@nbﬂ@menfrﬁgﬂl&damt@ﬁa| node woul d then be connected

to the splitter- 93%235 nﬁ{strafgg?i r@%‘éi&e}a?l@ﬁlscl?%?zﬁinc‘ég %frtlrhewﬁo?&e new

term nal node on physi cal ogl ca pon connecting the
addi tional aesieted iMBIGP! 1-5 giprogridielpdibeled WWRIORART.he terninal node will

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

combined embodiment of the invention.



can be terned non-intrusive expansion. As above, the splitter-conbiners do
not have to be |ocated in the sane chassis as the data drop/add devices, or
even t he wame/mmdes. Preferred enbodi ments of the inventi opcpesoiRepRSSI Ve
splitter-conbiner device to bypass the; conmuni cations route to the new
term nal node. WO 02/ 21737 PCT/ USOL/ 2G593 9 Referring to FIG 3, a fourth
node 340, which includes another data drop/add device 125, has been
connected to the third node 230. The signal conbiner in the fourth node 340

i's conmunicatively c o the upstream.input of the third node 230.
Sinilarly, the si gnaﬁﬁgﬁﬁ&?g@w PR@I)FE&REIR ODIMENT Scormuni cati vel y

connected to th . rlhe | 30 ourse,
addi ti onal nodegT mﬁ%ﬁﬁg@e@lﬁ tgg)d{lﬂg; Tour §#}lﬁf(;agiéﬂ gtgg?‘%ﬁf%?qg\}ﬁ%ﬁeﬂ t he
fourth noderdéfpluintd mdre fislh} Withaefeeeith it the ndnllignifif@bmbedRherOihabireuUsi ve

expansion is still| enabled. The invention can include protecting at |east a
portion of iHusirated incsheaeqomppaying dewingsraad sletailed iin thedfgllopinant . For exanpl e,

ti ' t i i sol ated. f. h t of th t k b
ot ovi di ng CECTHGIRE SEH HeliRs ERCeRnat; DsSCiinoBtof S Eiungoniponerts o
splitter- C%Hipﬁ@dessihé l’tédg\?\ﬁ%‘ﬁﬁ ORI GE ab Abt o urﬁxﬁ@es@&ﬁ?ﬂl}%{nﬁ@ the eby

splitter-conbiner wiTll h to detecting the shunt sig
bypassi ng tiheentighliedetddvi ce. This can be terned active equi pnent

protection. Agaii}, al t ho vant ageous .,to co-| ocate the

ugh it can he .
splitter combin Wfi‘ﬂ“ﬁg’f‘d&t@tmww@gas capmpaisatiomaetyarks.t er - conbi ner s
do not hav : ; 1R I S [ h drop/ add devi ces
or even th?)@gdngﬁgggg@ﬁgs %ﬂ&éﬁdﬁl ve le%?%%%l?@g% E’éﬁ%E&or a nunber of

reasons, napplitayiopsabso ificludering aphitbetoredd enbodi nents of the invention use
a passive splitter-conbjner device to shunt the comunications route around
the failed activiedayenioon qaaelndeplacingm splittsr inthe tragsmitting patbtoflae i s shown

ith a fi : 520 third 30 h of
whi ch'i not agd8 ¥ aicker BUREE A6 AORFng Bal B babd fodke date Bisedlenca 1 ne
segnent s t hapticaAlditinial Sstitin ,qﬁ@g;?mws Bn E@ﬁaﬁil?@@ﬂnﬁ?&i&‘ﬂ’fﬁvzﬂ% fSieg0 and 530.

In this enbodiment, the data drop/add device |25 of edc els
conmuni cat ioPHF Yapcesupless Inghe ¢rse wb stectrival sigpaltsplitibgofhetsplittesraanbpondi ng

i gnal | 70, The data drop/add device 125 of .each node is al
communi cat FUBTS Yo BarE” ob e R S osafi vl conche GRPlaBoBEPFEspondi ng

si gnal spl ité tepees syhtlerchmBher SId { dj&)ﬁ\ﬁi%'h { 264 of the
WO 02/ 21737 PCT?USOl? 2669§ 10 corres}gsg&néailibﬁeg si g afaﬁgg}oﬁgtog?ﬁezw to the data

dr op/ add deplitters figEtianslas & eombimet.nEhe pslitter-aonibinestin-A%a definkdhe saitr espondi ng
si gnal corr‘1)i$erb 270. Referring nowto FIG 6, the data drop/add device 125
i s depicted™ AP ¥P#Bre detail ed manner. The data drop/add device 125

opt 1 ol <t o- el octpanoy i ¥EhalS LombbiEtont e GiasE B il ShlioRCe °0" °° "
El ect ri cal approgindtely2@dBstocapppddniately 2048 eqlitiverto sigafd dRbiRdP o oOpti cal

transmtter, 620 (OIX). is coupled to the circuit 620. The opti cal
transni t t eFhecShHNG @ sytchingdupetipnalibbisqsevided by thesplittercombirter.alf za | aser

di ode. Thegj i I NG L0 ng, .t or. of fiber

plr otecti on,Silgﬂéc{)lﬁig Hﬁgrgﬁtg‘?rvptg@giggéﬁsﬁé#?ypﬁ‘%gggb&;‘gﬁ Qf\é\é)e&%“\;?‘ggff&oosﬂ ion. To

conbi ne t hésrenlymetiyonedk sized) istphesedf oh R Babd wsrﬁﬂmn'%ﬁﬂrﬁinw be j oi ned
0

together tq form a conbined device. Again, Er'greferred e iments of the
i nvention detectgddlisiampostant tocappresiate that sign \beingy tranasfiaitteds pleng sheof  t he

i nvention il nted wt ctive splitter-c iners, Referring to
FIG 7, a %‘ﬁ(}% ?gea‘?"%gae e ycs‘g?aﬁﬁg?lggg@a?',{' ed a?é?"cghtgs passt ftbpie 710, a
second nod&tgr?aeeg@ge,ﬁ_thi rd node 730, each of which includes a data drop
add devi ce 125. course, additional nodes nay be | ocated between the

depi ct ed nodes. The sphifiters ¢hdb cdimposd theaplifteroforibifennadds d?ﬁ@hﬁd&ﬁe t wo
splitter-conbers 25Q. lﬁy coupling the headend output, 274 of the first
spli tter - cHHEICHAR OPHCa BHH%‘HB%?HIP"F mgtivorke Alierativelys these aplitpers carebe conbi ner

both of thgefig fieRer ' Ve el n, _protection
are enabl ed.e. Bsélg?gl\?? ﬁ%sﬁéj_ ftla ﬁgé@ﬁ?@ﬁ%@ﬁ@%o&; {"ﬁwlof]% E%‘Eg%t &'reget:onbi ner,
t he feat ursplitfersxamld eteniss vibratiopaniaithécise dfaablksshtical communications

network. Other types of splitters could be used.

N




The invention can also be included in a kit. The kit can include sonme, or
all, of the conponents that conpose the invention. Mire specifically, the

kit can hpghyedest he splitter-conbiner and ot her conponent $cafusoi®s6o3

invention. The kit can also include a,splicing equi pment and supplies for

‘retrofitting existing nodes with the invention. The kit can contain a

conputer program The kit can also contain instructions for practicing the
i nvention and apparatus for carrying WO 02/ 21737 PCT/ US01/ 26693 11 out
the invention. Unless otherw se specified, the conponents (and apparatus
and/ or i nstr uct i Rmafeyredfembrosliments of thebmventeonscamaisa s pabsive spigtat- i n t he

invention.. The.invent.ion cap also uyti]ize data. processi ng, .net hods t hat

t ransf or m SOGHARL- ?P%}?ﬁ e OE?%PBt"E nﬁhﬁqrﬁe? 1.)aSI‘5BJrOe s@ﬁ&%?%‘gblf’ﬁrecqnnvent ion can
be conbi ne A i i t i i i ion on

t he detect gﬁ%?ﬂﬂ‘éﬁ??‘u@mﬁ“ﬁ% ?R?Eér%%ﬂr?n@%? gg Sﬁ%i@%@blhgﬁi\/\m

el enents. Hngjor advaatages. Thereiinue needforamechamchlusteelentricdl awitehinighe swi t chi ng

state of the splitter-conbiners and reporting their state to_the headend
for recor dathesmisa® npeddpoiauitdetpeiign. Eheseris po needforgpenitaoring. cEer@dn i ncl ude
measuring t LV I { i t . d shunt to
change the fgﬁﬂr ?A@éqe@t%#%gﬁogﬁﬁ@g:ﬁ?ﬁegr \sﬁgﬂid‘ I(;}?) Sg‘lx {g%?g? f%gnbi ners with
vari abl e fiTHees is fo0dveitdhdes imand/ or refractive index devices, thereby

| owering detected noise fromthe shunt during bypass operation while

si mul t aneous| y nEheninaentiorycaninelude pratedingtat deasta pprtiomyofianatwertk t he needs of

a contingent sw kghing.event. The term approxi natel. as, used, herein, is
def i ned 5e gemeba0ur L SER sonneifion ingh FBF i, Bitem EPuSGT RIEN n 1036 of
mor e pr ef erggicyl g Rhéh AS@ePéan B oViIRE vAlE, Gk toMbindrNIfQ: sigha®f ) . The term
coupl ed, as Used herein, is defined as connected, although not necessarily

directly, amdnediondedadsthe yplitter+eambirerithat iTRX tetativedbpfaleddipe vall used
herein, is defined as.designing, huilding, shipping, installing and/or
operating. STHiehdig ﬁﬁ%‘r‘%ﬁ‘_&%&?‘g%f UEBSr‘_bEH‘%W%gf 3ﬁwara§fﬁ§ed herein, is
defined as a,S6QUGAGR ﬂ?Bteic{égtffd}ﬁ‘tlkegmecQ'Sﬂlﬁ’}?ﬁ?J Hﬁ%.%?&'&ﬂ Ddieflleq COMPULeEr
system A program nay 'I ncl ude a subroutine, ‘a function, a procedure, an
obj ect net Hitskr pastealjrect i npl enentation, an executabl e application, an

applet, a servlet, a source_ code, an object code, and/or other, sequence of
i nstructions desTmiplitiescombinens @ Rothavs te bajraated ighe same ehassisast i cul ar

mexponsi v BARE RGBS kRS BHhP ol k) A drkBL o GRARERTan Ve

nvenrén
i nvention aflobfied RPbEIGRER R0, Plefaritid eMbbdinitats B the thviedtibRube 4 WO Y
branches, either optical or electrical. In the case of optical branches

(e.g., tap nassipe splyericombingsrdericeite ghuriike eanampnisetians toatearonid theal but t
splicing t&/\(i)(§)§/21737 PCT/ USOL/ 26693 12 techni que. For the nmanufacturing
operation, Pt ¥"n advantage to enploy a UV light curing, guide tube
techni que. HoweVvREferdidperod@d. ioc 'pﬁstich%H,f 188ichl fingisicprasd with@dirser
fabricating the splitter-conbiner’is not" eSsential to the invention as |ong
as it provimee 210ea skeood nbde 22U and a thied nede. 230 eactl dfywhikhsaclufes avake or use
the inventipn wll se]ect e uf gct uri ng, process based on tooling and
ener gy reqtﬂo%taea%’ﬁf@ #H@%&Sa%@gl 'é‘gkﬂaFeéé’ﬁ’i%gh _?%M%f%g? the final
product, angdiiafRSmRGPbe bOGHGHRI R edPIiHa 00 khagspr ocess. Wil e not
being limted to any particular perfornmance I ndicator or diagnostic

i dentifier, prefArspbhderccimbiner2dGisddcatébwithinarach of tleaodes 210230i fi ed one at
atinme by testing for, the presence of sufficient signal strength

di f f er ent i dfachrofthpesplittereambaerpl0 vcludes a signal splittes 2B iapd 2 sigigl t he headend
out put of t i - i _near i i el ati.ve . engt h

bet ween si g%gx?bérg%r %@f@?f@g e%g Ihuéél ?%ﬂé tlin tﬁ? ﬁ%#dntselrrgzﬁgfb%%@%qeeri ng the
upst ream i nEéndRsde 220 e The eignaPeumbineEl 7 i cdnilihiéRiveBPésuplébioahy 20 dB.
This difference in relative strength between the signal's can be achi eved by
sel ecting tsignal aplitees 260i ng ratios (split ratios) of the signal splitter and
t he signal conbiper. Jhis. differen i.n relative stren can al.so be

achi eved- by ad; S RF tbh SeaR PR ERCTEstS cpBpmnicaiely ongleds HhedteRl F npu
and the amihpliie Gle tegRAlImAMES [ARigYS HPSERANIIEPIH the TiIRI Gkt for the
presence of sufficlient signal strength differenti can be carried out

wi t hout undue experinentation by the use of a sinple and conventi onal

signal strength neter experinment. Exanples Specific enbodi nents of the
invention will now be further described by the follow ng, nonlimting
exanples which will serve to illustrate in sone detail various features of
significance. The exanples are intended nerely to facilitate an

under st andi ng of ways in which the invention may be practiced and to

o - o,



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

i ntrusive expansion functionalities where each add/drop (A D) node incl udes
a splittewxeairater. The splitter-conbiner can include a spgnalsoBiHedit er
where approxi mately 5% of the signal egergy is deflected to the shunt and
approxi mately 95% of the signal energy is directed toward the bypass.
Suitable fiber optic couplers with this output port ratio are readily
comercially available fromE-TEK Dynanm cs, Inc. (nodels SWBC and/ or SMFC);
and Anpheno part. nq. 945-271-C 100). The splitter-conbiner can include a
si gnal conb }é)r %ﬂ‘f@Pgﬂé{-’pﬁgﬂéiSﬁhﬂ%ﬂs?5909/9Wn¥1n@aﬁwlﬁ5im§uleditgtaal energy is
derived fro xd, approxi mately 50% of the conbi ned signal energy
is derived r%ﬁn'sﬁﬁ%;ew%%{;g&'sm tabl e fiber optic couplers are readily
commer ci al | y avaBaelbbftHe'sighal BSmbired 2704¢ cSfmafidativet Tgéﬁéﬁé/d‘%’%c& I nc.
(nmodel s SWBC and/or SMFC); and Anphenol (part nos. 945-130-1000,

945- 131- 100¥pstrgamgput,: se@ s devail moobers delating to- the Gignahcdrabinedim-the 2- 1000) .

Exanpl e 2 S| | ogical rjng,. .can prqvide the fjiber protection
and noni nt ﬁtﬂlgljlav)ﬁé) d%?égggﬁgq; ?ﬂhﬁlsig(?ﬁia‘l"ﬁ?l?lggrs\ﬁﬁgr’%C%‘QHW"&‘@GFNGW&[S’“PMD) node
includes a o hdalehd 6@ipht pp4.- The splitter-conbiner can include a signal
splitter where apﬁéoxi mately 10% of the signal energy is deflected to the

shunt and appr oxFhepathy(contectibn) betwsemtheldowstrgymicutplitr26dtaad theowar d t he
bypass. Suitabl e f.iber, opti (i) coupl erg are readily commercially avail able
from JDS FitR® re%‘)&é"@&r%ﬁs‘)aﬂ &fﬁﬁ&d’cﬂ YRass-t The ethed path) typicadlye shontsr | 31- 2000,
945-132- 20 Wbl - n 945.172-.2000). . The
splitter-co t|l’ner %%n%?%%nggéﬁﬁ%%Sﬁaﬁgggenn%é%elFgﬁgﬂeé%gﬁﬁ%%ﬁqp@dy 10% of

t he conbi nedsmingnal energy is derived fromthe shunt, and approxi mately 90%
of the conbined signal energy is derived fromthe byt?ass. Exanpl e 3 The
active equi pment ¥ thiscambsndiment; thexdatn drop/add diyicenl2Seofréachy nade b t ect ure wher e

each add/dr D). - ' dgs .a lJitter.- jper. The .. |

splitter- co%&ﬁ@élg%té%wg%‘mgé%a gi}’ﬁﬁi&dsod\tpqtt@%%& corespradingsignal 109 of
t he signal cntbiger 379. deith Tohveid & ; e i 90% of the
si gnal WO 0_2/121737 PCT/ USOL/ 26(%3%&‘?3:1%@%& gy iri‘@ﬂféﬁ%‘dé?gfgffﬂ{%ﬁvﬁim d0 t he
bypass. Thede§mei tter-conbi ner can include a signal conbiner where

approximately 10% of the c i.ned signal. enerqgy is derived fromthe shunt,
and appr oxi mat el Y SH¥! gttﬁgHE‘iﬁﬁiﬂdf‘?é%s‘V‘ﬁlhgﬁs Hisrpmbinerean yrapprtangm t he
bypass. Pragphssibn SRk $abhaMed. The LB ' ' | jgation of
the inventi o_g that has val ue vvitth ?ﬁ'gﬂzbgghﬁﬁﬁ%‘g?%@%@q 120[)(%%’5% )
non-i nt r usiwidl texdiseusseahbeddwdn mmraidetsliwith repavdrdkBIG.Juch as addi ng a data
drop/ add node t ical loop, Further, the invention is useful in

] i
conj unction wi tﬁrfgﬁ‘dﬂ?f}g@fql} A pRde gddina agiodgdpagetwerkiwithautur e of passi ve
tsiy i i K tical fib
B T AT e

and/ or severed co , Of 1Th conjunctio
spread of @hysigd tusplogical ringethellast (einidal)aidde vathé bas ek besrodRfed dr op/ add
nodes and/ or.ﬂ{éagﬁat ers), .or the like, There are virtually 1nnunerable uses

for the in/¥ ittegrqonringthatwilldaitialiytdetrst signals ifesn Her shut. AThe t he

di scl osed i jvention.described herein c be realized and
practi ced \%@ﬁgh%‘%ﬁg&gggﬁ l%eﬁqnéltﬂf?t(?ﬂ?o ﬁ:ietﬁqgﬁﬁﬁc?rﬁgmﬁésilﬂ?mde of carrying
out the i nudditionsl metwsnll ab&rbdMe s temiRAl Mde Aﬁh@iﬁgkeé sabove,
practice of the invention is not Iimted thereto. Acco dll ngly, it will be

appr eci at edpgigal rings dJpon ¢onnecting theadditionahedde; the sphivtentombinebih WRator act i ced
ot herwi se as, specifically described. herein. For exanple, the

i ndi vi dual wégﬁ%eo%gﬂf)@? HQQEWHHWE todetegtingsignals fiemdhe bypassd Thimf i gur at i on,
but coul d b@@@ﬁé}ﬂi@&%niiﬂtrugi{,&gﬁlwi ny configuration. Further, the

i ndi vi dual conponents need not be Tabricated fromthe disclosed material s,
but coul d be f alks abmivedth splitter-cambsihéry damot e RBetobRed i HeSamBUr t her ,

al t hough the splitter-conbin descri bed herein can be a physically

separ at e r’rﬁ%tfflé,asiﬂge Q\?tpldr?}gaﬁaﬁ?“l’%t of ¢ien the,sameypedese Prefersdner may be

i nt egr at edeinBb@int r; - W ieh 1§ s associated. Furthernore, all
the disclosed el e%n?@mgﬁ@ﬁlgﬁég%\gg#sg‘éea%ﬁm&f’gg?‘gg’gﬁ%8%86‘? Scan be

conbi ned witetrommumsivitidristrobiectoltliy new banfia Gogsed el enents and features of
every ot her disclosed enbodi mnent except where such el enents or features are
mut ual Iy excl usi ve.




WO 02/ 21737 PCT/USOL/ 2G693 15 It will be manifest that various additions,
nodi fi cati ons and rearrangenents of the features of the invention nay be

‘made wit Rpyh eyt ating fromthe spirit and scope of the undgfilsilRehos
i nventive concept. It is intended that the scope of the invention as

“defined by the appended cl ains and théir equival ents cover all such
additions, nodifications, and rearrangenents. The appended clains are not
to be interpreted as including nmeans-plus function limtations, unless such
alimtationis explicitly recited in a given claimusing the phrase "neans
for." Expedi ent Refewing#ekls. g a fousth mederidOpwhinhandiufiteamtbéradatal by t he

appended supcl ai. s, . 2/ 21737 16 Al t i,S aihed.is: 1. An

aBBar at us, Jz'gpép@ﬂqge X%c‘_ ﬁ?rb‘é(mngﬁtghlt? ?f%,%\gain&dﬁgﬁhuﬁgﬁlan%s link

i ncl udi ng aoffbihdriif the Rifth e 320 R I HRLLIE Vel § BRhGTed @ the 'ﬂﬁﬁ%ﬂf” sai d
splitter-conbi ner including: PCT/US01l/ 26693 a Signal splitte

~communi cat iinpityof ¢hethirdchade 23 0h Samidady i the signalmpliteninuthie fadritlvadbde 340upl ed to a
downst r eam.out put ;

dounet ream, ouLouL 1y S A0l CoIBLNEL CMm CaUL KPLY hodol il sl
CATUT L) L, SPUILAS SRR g W TARRBAESAS ) 1o 1
providing the fourth node 340 with its splitter-combiner, 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 equipment. For example, 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 equipment
protection.

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

Referring to FIG. 5, a ring architecture is shown with a first node 510, a
second node 520 and a third node 530, each of which includes a data drop/add
device 125. FIG. 5 indicates by dashed 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
communicatively coupled to the upstream input 272 of the corresponding signal
combiner 270. The data drop/add device 125 of each node is also
communicatively coupled to the downstream output 264 of the corresponding

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



3. The apparatus of claim1, wherein said splitter-conbiner conposes a
term nal node of said comrunications link. 3. The apparatus of claim1,
further cwopr2iararg another splitter-conbiner communi cati vepyT/aghiidRes t o

sai d downstream out put and communi catijgel y coupled to said upstreaminput.
4. The apparatus of claim 3, wherein all nodes that conpose said

comuni cations link include a splitting-conbining capability. 5. The
apparatus of claim1, further conprising a data drop/add device

comuni catively coypl ed between sai d headend out put and sai d headend. WO

02/ 21737 PCIPESPRRSE signal splitter RE0 iy therdatadropfadd| devieed 25 amdithemtoshe d dat a
dr op/ add de#&peam%bm Mh‘g%{?g@ohhﬂiggskgnga{l ?@@Pﬁﬁ' gzg'sducer coupled to

sai d headend out'put *and "an elec ni c- ducer coupled to said

headend. 7. The Refafiaguswab FIG6MhE davh@opiafd deiide A2 R MNHiakd ag | i Nk
I ncl udes an optical fiber coupled between said splitter-conbiner and said

headend, sam@redeiaded manner; drheidata dropiaddideyiseil@lindedes anpopticakr an]g siaiq

si gnal conbj ner i ap.optj.cal _beam canbi ner. The .appgratus of claim

T Toner o n \hivet B R ToR Botica] et o0 an BE g ople Ritestioni e

bet ween sai asdabibdrsath 69T 12hilge-cBApled dedicB BTkl Ebel: B2ORAPR tol €1

I ncl udes an electrical splitter circuit and said signal conbiner 1ncludes:-

an el ect ri cthe aptindireesiver 616ui An opticahtranshididr GQ%@E‘DQiim@)ujﬁﬁdmythég at _ I

comuni catians.link .at least a partion of which iis protected agai nst signa

conduct or farq%@fb-véﬁmg?twafj@mwttﬁ@cqm yelectimicrteroptical Afagsdusefuni cat i ons

link with Lﬁﬁlais%:t]?{e'r I ner that is conmunicatively coupled to a headend.
od of ¢

10. The met aim?9, further conprising switching said splitter

conbi ner from a WhpasentivAien aigo nchidedonsbining. twhlor M@ ofgiepd of claim 9,
wherein said splitter-conbiner includes: a signal splitter communicatively
coupl ed t o RIOHCHEBMRPI-HbsIvgegpansion, and/or active device protection. To

combine these functionalities, two of the splitter-combiners can be joined
together to form a combined device. Again, preferred embodiments of the
invention use passive splitter-combiners. However, all aspects of the invention
can be implemented with active splitter-combiners.

Referring to FIG. 7, a physical bus, logic ring is depicted with a first
node 710, a second node 720 and a third node 730, each of which includes a
data drop add device 125. Of course, additional nodes may be located between
the depicted nodes.

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

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

also contain instructions for practicing the invention and apparatus for carrying



comuni catively coupled to a downstream out put; and a signal conbiner
comuni catively coupled to said signal splitter, comunicatively coupled to
‘an upstreepgok/ppet, and conmmuni catively coupled to a heademrdTrusopwéces and
wherein swtching results froma commynicative decoupling of said upstream
I nput from said downstream out put . WO 02/21737 18 12. The method of claim
11, wherein PCT/US01/ 26693 said comrunications link includes a plurality of
drop/ add devices and said splitter-conbiner is conmunicatively coupl ed

between a first of sai dé&llurallty of dr? p/ add devi ces (31 H a second of said
plurality ot V%H)T’d ws Sthexiyisespeied Bn aomPoRants(39d apRimatys

dr op/ add dea)ﬁhﬁﬁ?n t tﬁ@ftxllt}églll ¥e e H‘ivépisqﬂogertﬁg?lﬁ?{ 1ﬁ@édtito er- conbl ner,

t her eby conmuni ca cou sal u stream i nput from sai d downstream

output. 13. The 'méimémﬁxin @dnaalm thietddtmpfocessinymathods tintiangfbng a
switching state of said splitter-conbiner. 14. The nethod of claim 13,

further corﬂgﬂaiﬁ ﬁigmrcmsmtatc t;gaxyah@ m@&mnlg thedpeentiongan eembined. 15, The
I TR e e T
;ﬁtﬁt ! \S/:agﬁlis;i@ﬁh(sﬁ& £RRE i&&c@ﬁ:ﬁe@?&ru@cré@ttﬁsdﬁﬁe Rydheits. Fod htarRBothe det ect ed

invention can include monitoring the switching state of the splitter-combiners

and reporting their state to the headend for recordation as diagnostic data.

Further, the invention can even include measuring the relative signal attenuation

between the bypass and shunt to change the split ratio of the signal splitters

and/or signal combiners with variable filter, polarizers and/or refractive index

devices, thereby lowering detected noise from the shunt during bypass operation

while simultaneously maintaining sufficient shut sensitivity to meet the needs of

a contingent switching event.

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

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

most preferably within 0.1% of). The term coupled, as used herein, is defined as

connected, although not necessarily directly, and not necessarily mechanically.

The term deploying, as used herein, is defined as designing, building, shipping,

installing and/or operating. The term program or phrase computer program, as

used herein, is defined as a sequence of instructions designed for execution on a

computer system. A program may include a subroutine, a function, a procedure,

an object method, an object implementation, an executable application, an

applet, a servlet, a source code, an object code, and/or other sequence of

instructions designed for execution on a computer system.

The particular manufacturing process used for fabricating the splitter-

combiner should be inexpensive and reproducible. Conveniently, the splitter-

combiner of the invention can be fabricated using any splicing method to join

two Y branches, either optical or electrical. In the case of optical branches (e.g.,

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



17. The method of claim16, further conprising changing a split ratio of
the splitter-conbiner. 18. A nethod, conprising deploying a comunications
l'ink wi t hweoo2/21md7r usi ve expansi on capability, wherein depl pgrmgoi/sgdiides
provi ding said comunications link witjs a splitter-conbi ner comuni catively
coupl ed to a headend. WO 02/ 21737 PCT/US01/2G303 19 19. The nethod of
claim 18, further conprising switching said splitter conbiner froma shunt
state to a bypass state. 20. The nethod of claiml8,_V\he_rei|n sai d ed 1
splitter-conbj ner ipcludes: si.gnal splitter communi catively couple 0 a
hgadend i nptSFf"aﬂEe- AUy ng: oRASRIRN, tlg's An @dyatdegtararerlopatyVand
si gnal conby rcuﬁﬂ%‘%mggﬁ}ﬂe“c%%i upled to said signal splitter,

coupt e

comuni cat i y to an upStreaminput, and conmmunicatively coupl ed

to a headend out Hoewever)the patticiler magifatfitingprocssihbdd for Bbrivafifgieni cati ve
coupling of said upstreaminput to said downstream output. 21. The. net hod

of cl ai m 2c°PlifieEremhings et essmmipbin the frventing as lmxg}mé@pmvfdegghe drop/add
devi d ' I t1 | ' ni catively. coupled tq. sai irs
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' | | : ng sai
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upstreaminput to said downstream out pu e metl clarm 18,
further corfgc expectechapplicatiomequiremientsrofithe Snaltproddctsaidithe deimahdy oft onbi ner .

23. The method of .claim22. further conprising reporting said swtching
state to séFﬁ oyeral] aputacturing process.

While not being limited to any particular performance indicator or

diagnostic identifier, preferred embodiments of the invention can be identified
one at a time by testing for the presence of sufficient signal strength differential
at the headend output of the splitter-combiner. At the headend output of the
splitter-combiner, the difference in relative strength between signal(s) entering
the head 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 ratios) of the signal splitter and the signal combiner. This difference in
relative strength can also be achieved by adjusting the amplitude of signals
entering the headend input and the amplitude of signals entering the upstream
input. The test for the presence of sufficient signal strength differential can be
carried out without undue experimentation by the use of a simple and
conventional signal strength meter experiment.
Examples

Specific embodiments of the invention will now be further described by
the following, nonlimiting examples which will serve to illustrate in some detail
various features of significance. The examples are intended merely 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



24. The nmethod of claim 23, further conprising recording said swtching
state as diagnostic data. WO 02/ 21737 PCT/ USOL/ 26693 20 25. The net hod of

claim18,w§ysb¥gs conprising measuring a relative signal FcranNabis
between a detected bypass signal and g detected shunt signal. 26. The

met hod of claim25, further conprising changing a split ratio of the
splitter-conbiner. .A9.A A9. A A9. A, . A9. Al . A9E. A. AU9E. AGE. A9. A(Y. Au9*. A,
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10%& () Zalv%ﬂ?b e(ﬂ)omml'l%S 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).

Example 2
A physical bus, logical ring, can provide the fiber protection and non-
intrusive expansion functionalities where each add/drop (A/D) node includes a
splitter-combiner. The splitter-combiner can include a signal splitter where
approximately 10% of the signal energy is deflected to the shunt and
approximately 90% of the signal energy is directed toward the bypass. Suitable
fiber optic couplers are readily commercially available from JDS Fitel (AC
Series); Amphenol (part nos. 945-130-2000, 945-131-2000, 945-132-2000, 945-
170-2000, 945-171-2000 and/or 945-172-2000). The splitter-combiner can
include a signal combiner where approximately 10% of the combined signal
energy is derived from the shunt, and approximately 90% of the combined
signal energy is derived from the bypass.
Example 3
The active equipment functionality can be provided by a ring
architecture where each add/drop (A/D) node includes a splitter-combiner. The
splitter-combiner can include a signal splitter where approximately 10% of the

signal energy is deflected to the shunt and approximately 90% of the signal
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energy is directed toward the bypass. The splitter-combiner can include a signal

combiner where approximately 10% of the combined signal energy is derived

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

derived from the bypass.

Practical Applications of the Invention

A practical 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 loop. Further, the invention is
useful in conjunction with controlling the spread of damage from failure of
passive components in a cominunications network (such as broken optical fibers
and/or severed coaxial cables), or in conjunction with controlling the spread of
damage from failure of active components (such as data drop/add nodes and/or
repeaters), or the like. There are virtually innumerable uses for the invention,
all of which need not be detailed here.

All the disclosed embodiments of the invention described herein can be
realized and practiced without undue experimentation. Although the best mode
of carrying out the invention contemplated by the inventors is disclosed above,
practice of the invention is not limited thereto. Accordingly, it will be
appreciated by those skilled in the art that the invention may be practiced
otherwise than as specifically described herein.

For example, the individual components need not be assembled in the
disclosed configuration, but could be assembled in virtually any configuration.
Further, the individual components need not be fabricated from the disclosed
materials, but could be fabricated from 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

except where such elements or features are mutually exclusive.
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’relr-rgntements of the features of the invention may be made without deviating
from the spirit and scope of the underlying inventive concept. It is intended that
the scope of the invention as defined by the appended claims .énd their
equivalents cover all such additions, modifications, and rearrangements.

The appended claims are not to be interpreted as including means-plus-
function limitations, unless such a limitation is explicitly recited in a given

claim using the phrase “means for.” Expedient embodiments of the invention

are differentiated by the appended subclaims.
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1. An apparatus, comprising a communications link,
said communications link including a splitter-combiner
communicatively coupled to a headend,
said splitter-combiner including:
a signal splitter communicatively coupled to a headend input and
communicatively coupled to a downstream output; and
signal combiner communicatively coupled to said signal splitter,

communicatively coupled to an upstream input, and communicatively coupled

to a headend output.

2. The apparatus of claim 1, wherein said splitter-combiner is a passive
device.
3. The apparatus of claim 1, wherein said splitter-combiner composes a

terminal node of said communications link.

3. The apparatus of claim 1, further comprising another splitter-combiner
communicatively coupled to said downstream output and communicaﬁvely

coupled to said upstream input.

4. The apparatus of claim 3, wherein all nodes that compose said

communications link include a splitting-combining capability.

5. The apparatus of claim 1, further comprising a data drop/add device

communicatively coupled between said headend output and said headend.
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7. The apparatus of claim 1, wherein said communications link includes an
optical fiber coupled between said splitter-combiner and said headend, said

signal splitter includes an optical beam splitter and said signal combiner

includes an optical beam combiner.

8. The apparatus of claim 1, wherein said communications link includes a
coaxial cable coupled between said splitter-combiner and said headend, said
signal splitter includes an electrical splitter circuit and said signal combiner

includes an electrical combiner circuit.

9. A method, comprising deploying a communications link at least a
portion of which is protected against signal conductor failure, wherein
deploying includes providing said communications link with a splitter-combiner

that is communicatively coupled to a headend.

10.  The method of claim 9, further comprising switching said splitter-

combiner from a bypass state to a shunt state.

11. The method of claim 9, .
wherein said splitter-combiner includes:
a signal splitter communicatively coupled to a headend input and
communicatively coupled to a downstream output; and
a signal combiner communicatively coupled to said signal
splitter, communicatively coupled to an upstream input, and communicatively
coupled to a headend output, and |
wherein switching results from a communicative decoupling of said

upstream input from said downstream output.
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said communications link includes a plurality of drop/add devices and
said splitter-combiner is communicatively coupled between a first of said
plurality of drop/add devices and a second of said plurality of drop/add devices,
and
said second of said plurality of drop/add devices is communicatively de-
coupled from said splitter-combiner, thereby communicatively decoupling said

upstream input from said downstream output.

13. The method of claim 9, further comprising monitoring a switching state

of said splitter-combiner.

14.  The method of claim 13, further comprising reporting said switching

state to said headend.

15. The method of claim 14, further comprising recording said switching

state as diagnostic data.

16.  The method of claim 9, further comprising measuring a relative signal

attenuation between a detected bypass signal and a detected shunt signal.

17. The method of claim 16, further comprising changing a split ratio of the

splitter-combiner.

18. A method, comprising deploying a communications link with non-
intrusive expansion capability, wherein deploying includes pfoviding said
communications link with a splitter-combiner communicatively coupled to a
headend.
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wherein said splitter-combiner includes:
a signal splitter communicatively coupled to a headend inpuf and
communicatively coupled to a downstream output; and
signal combiner communicatively coupled to said signal splitter,
communicatively coupled to an upstream input, and communicatively coupled
to a headend output, and .
wherein switching results from a communicative coupling of said

upstream input to said downstream output.

21. The method of claim 20,
wherein said communications link includes a first drop/add device and
said splitter-combiner is communicatively coupled to said first drop/add device,
and '
wherein a second drop/add device is communicatively coupled to said
splitter-combiner, thereby communicatively coupling said upstream input to

said downstream output.

22.  The method of claim 18, further comprising monitoring a switching state

of said splitter-combiner.

23, The method of claim 22, further comprising reporting said switching

state to said headend.

24.  The method of claim 23, further comprising recording said switching

state as diagnostic data.
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26.  The method of claim 25, further comprising changing a split ratio of the

splitter-combiner.



