;e3e$ I D'4#"$6X$TH[ c- WO 02/ 21737 1 FI BER PROTECTI ON AND NON- | NTRUSI VE
EXPANSI ON METHODS AND APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the
| nvent i ony@lgzi@yention rel ates generally to the field of poanusenieasi on
networks. More particularly, the invenqtion relates to the use of
splitter-conmbinErs in ring comuni cati on networks. 2. Discussion of the
Rel ated Art Communi catlon nodes are designed and used for point to poi
conmuni cat i ons over ommruni cati ons nodeﬂlﬂﬁl“mmﬁmwwmttl ng and
recei ving (TX RX) sou [mmmﬂ;“@ gaplurality of n into a
ring network is well e skilled in the art ofis##muni cati ons.
What is al so well known | EBPPAL an i nterruption in comunication service

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

\I;]\Ilet \Ifl\D[ EI’ L‘Z ﬁggesqq%%’géc.}‘momm capﬁ% Couﬁﬁﬁﬂ 0 a %eiatileggpl Eté.gﬁ

of the nodes 110-130 i ncl lm;mpstMrmpPAR_d\M| 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 i ddi tional nodes may be
positioned between nod%mﬁé}q@?ﬁiﬂﬁw st'ahce of a conventi onal
ring network is showgeldofth&inventivhere a ring architecture is depicted with

t hree nodes 410, 420, 430 conmunicatively coupled to a headend. As above,
each of the nodBe mﬁﬁltmﬁelatnslgedmllyhethwﬁddd)fopthadducch@mncmtvmks However ,

node 420 i si cal onnected to nod 410 e optical fiber
440. Sim ?J%;t?/f‘ef&g%fhié inyengnsee ?5]'39': %f‘(l)\épﬁ‘geﬁ @ W8 a single
optical fippmihQtioh!lietwérikndi 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/ USOL/ 26693 by dashed |ine segnents that additional nodes may be
positioned al ong fiber 450 between nodes 420 and 430. A disadvantage of

ei ther ofwdlgrigst ances shown in FIGS. 1 and 4 is that a poaakseenesesf the
optical fiber lines can prevent all of,the nodes from bidirectionally
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 lines. One approach to providing some protection
in the event of a break in one of the fihers in the past has been to
connect t hebyhdasbed ling sesmentsihahadditional aedes,may be positipped along\fiBekak in one

fiber can t v t h the use of a parallel redundant fiber.
TR 88 TR0 296

However, a \ ge I's”approach has been relatively high cost.
Therefore, what Asdigidventag@efélttics ofittedhsthhcdd shbwh i FIGS JPand P igthaf ot ection
in the event of a fiber break in a nore cost-effective nmanner. Another
probl em wi tehbreak one ef theaiptigsl fikes linesean preventallzofshenodsds fromi ng net wor k

requires interruptign of co ni cat,i on,services. Adding a node to the ring
requi ros t tRfiresHonaftR gOmariaiGHaE Wit e daedend; TBerelires Yhatds REREEd e mew
node can beso'n@fo?hh roDides iHShehlvBik with ableRét&Blne protelfion in'Ghe co8htRIFAVeNt al |
of the nodes tfrombidirectionally comunicating wth the headend until the
i nst al | ati drealsincargdfahe fibemlimwny conmerci al settings, such a tenporary

interruption to install additional nodes is unacceptable, Therefore, what
i s al so requi redOpe 2pproach o RFAVIAING SqFRE RRotectiondn the syispkof abisak & panded

W thout interr i l | L ce wth this

t echnol ogy %Iges&ﬁfééeﬁg?%ﬁﬁgﬂr—ég& agfﬁ%%eggé\ég%feﬁﬁéﬂr%ﬁ{ otaa?%tnogeﬁﬁlé%ng. | f one of
the data drieghmilst gavilelefberai Asbreklih dife filee caw tien beasveRony thrdighed from
bidirectionally conmunicating with the headend. Therefore, what is al so

requi red i shausedia paallelredunstast fibers Howewes: 2 disadvantage of eipapproaeltt i ve

equi prent f.ai l.ure. retof ore, the requirenents) of, protectjion.in the event
of "1 e tiseen colpfyran Biebicpye. T et B PHEL I A nerel S ShiRE el on 1 he
event Of aGroVRieithe BRoibctionih WiCevenbPE Kbt biaaR BOY oB¥Sstifiechien ful ly
met. What i's needed | WO 02/21 737 PCT/USO /26693 a sol ution that

addr esses anhammeast one, and preferably all, of these requirenents. The

invention is directed to eti.ng, t hese requirenents, anong others. SUMVARY
OF THE | NVENTI O@S'épf ey Math s dragIpaYhas feen Ht £xpras 19 a8 sty the -

above-di Sc%eg‘%grl{ feftfirésS tiBh ofEOMRIH;dAiBh SEMIQR, 'Audid}fa RYRo RE 2 i ne
break, expandability w thout communications interruptior and network )
prot ect i on ring idqaireshat thefringdiel brokear ut [eagrtembpaidrily, sowhatahe néw nodle case of
the prior art, are naqt satisfied, nmuch.less sinmultaneous|y satisfied.
Anot her godtandre insester intertbe g8 Lhis breakiin thefing campreyentialipfdhe nodese
requi r enment ne_ € i . i, ]2 i i . n. ar at us,

q ﬁ;o%gbh e&ﬁ?ﬁ%ﬁﬁ&ﬁpﬁ%&%ﬁ@%‘qgé h&diend utﬁﬁfﬁlg 19%&(1?3}18%39

conpri sing i“ons communications 1 cl'uding a

spl i tter- cibpplere. BOREM Esiineittalsefidgh) ®idh aQempbiiag Bibehrufitndo install
splitter-conbiner including: a signal splitter comunicatively coupled to a
headend i npadditional nedenisitescceptably. dbersifers, whatis alsarrequicedis asopgtion and

signal comjner c ni cati,vel,y cou £ aid signal splitter

conmuni cat MR AR BHoe Y SPRR WiBol TnEriritn emmuieleny coupl e
to a headengdnqed put. Anot her enbodi nent of the invention is based on a
met hod, conprising deploying a conmunications link at |east a portion of
whi ch is prot ectAdothgaproblensimithahisdesiohobagyrhak debm fadlurevbfactive depl oyi ng

i ncludes providin aid cq icatiqgns, link with a splifter-cqonbiner that
i s communi CAPIRR) 2 he gng 1t ong of ta aﬁﬂﬂqﬁt‘rde&ﬁ%g@‘hﬁﬁ‘ﬂ Otc)a‘et he

| nvent | on igdd@sabefredefied Aot b@@?ﬁér@aﬁl?%oﬂﬁﬁkrﬁ&c}g%@itﬁmh%i ons |ink

W th non-intrusive expansi on cap , ~Wher el oyl ng I ncludes

provi di ng SPiefleforsymhat dadlicorguiredis aMohitich thet prot/Rles prdtediion ineheruni cati vel y
coupled to a headend. Another enbodi nent of the invention is based on an
appar at us, 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



. schemat i c wPhtie ro?OIablpPhgoramemc@@&

conprising a communi cations |ink, said communications |link including a
splitter-conbi ner comuni catively coupled to a headend, said
splitter-wombi2msr including: a signal splitter comuni catip@Ehyscaessed to a
headend i nput and communi catively coupjed to a downstream out put; and

si gnal conbi ner comuni catively coupled to said signal splitter,

communi catively coupled to an WO 021 21737 PCT/ USO1/ 26693 upstream i nput,
and communi catively coupled to a headend output; and a data drop/add device

conmmuni cati vel y, coupl ed to said downstream, oyt pu communi catively
coupl ed to &¥ ‘éﬁ“ﬂb’%‘ﬂf é&ﬁ?sﬁb&‘t leash Qa¢,7nd ng)@bﬁlﬁﬁéﬁt&ggeieﬁéqwﬁ%ﬁ onis
based on a ol d

comuni cat %’ﬂegﬂ?.é‘ﬁi"q‘s‘ éﬁ@%ﬁ%‘%“?%%@“@%e@? i negmc}%?réwum catively

coupled to a headend, said first splitter-conbiner including: a first
signal splitter comunicatively coupled to a first headend input and
comuni catively coupl ed t oSHMMARY QFVEHERRYENHH@M: ; and a first signal

b L.ed f
comunt cat vl y Sdopl SttheamERion it & flbilatéely 9@3ha%€%mu@gqq vely
coupled to gt xkérﬁént%ﬁﬁa%rpp%&e&mnan@ﬁé é‘véili 8P4 fifld beak! &§an@dBIlwy catively

coupled to said first downstream output and comunicativély coupled to said
first upst r\emhnutrmpnmmumc&tmsmteﬂ’pptmm and oetwark pratectiomindhe event pf coupl ed

bet ween said .first., head in sal adend, said seco

o L or S e R ERUPHERL NEE VR e BUIAR CeT LIRS BRPI tre SehsRIspEtht | vel y

coupl ed to dﬁ@éﬂe@?ﬁﬁ %lﬁlf@aﬁ%ﬂ@d.cﬁhbéﬁ%} oﬁ%%@ﬂv&ﬂlcﬂl ggond downstream
st gnal “co

out put ; a secona I ner conmu |cat|ve y coup ed to said second
si gnal spI i satisfyingConeoitweosfl thedeyrequitgments.t 0 a second upstreaminput, and
comuni catively coupl ed to said first_ headend input. Another enbodi nent of

the invention i sOpaembodiment efthegaventiongs béﬁdg”tﬁ!mm{w SOWPHADEacat i on

li nk, | f h
oo, ¢ amminPlias Hp syt ppminicabiot Aok Stk A3pUBHLLiifou bet veen
a data dr Owoﬁﬁﬂuﬁems 8dsblad heap&iadnd Ts*aﬂﬁﬂahtﬁﬁ-@oﬁhbhﬁf lmlﬁ :qnd

enbodi nents of the |nvent| on will be better appreciated and understood when
consi der ed mgna&qﬂ;ttan@bnnmmpativelm@dpdﬂd tova headembinpupandn and t he
acconpanyi n% dr aw n ul d,be under st oodﬁg&ov\ever t.hat the foll ow ng

descri pti orf %?‘P‘Eat E%‘H? ngtop? Ao WRStERA LB F‘gnﬁqcmn?rnvent i on and
of T i tat {ommy ekl boupBFI N slaBaldpHAG, CEmMRitiGtiv Ll bl Al o cope
of the i nvaipsireamuaptparid cepauhicatively oonpled tspheddend oatpadf Anatheér t he

BRI EF DESCMPAIReROL thE TRATPRISS RO PRATI o) SRS NG depIRIIER ant agos and
features cop %hﬁr‘ri&ét%gtlih‘i’t[dﬁn{aﬁ% PBHronade}ﬁI:l\xM m’r geeco‘r%gﬁmsts sigiyd operation of

nodel systens provi nvent1 on nore“readily

appar ent  byondiictor failgrd, avlienein @eploping cludegipiolRiingd suié commlunicationy,

enbodi nents illustrated in the draw ngs acconpanyi n? and formng a part of
this speci flinkavitha spliftereombipenddat is comapicativalyeaup QﬁtPlath@ﬁ@&d occur in

nore than o ew), desi be.noted that the
features |I&E?§t{ r%bc?(ﬁ% ﬁﬂ‘zﬁﬁ?i’h%ﬁgé“ rﬂ;a%%%fs) ﬁé’éetgg ﬁ?“%f'"&vm to scale.
FIG 1111 ugplo¥ @%Sa Somafinidtivgs th@Wlt‘Pnfno%-ﬁ&ﬂh’QB%k abifi}, bus, | ogical
ring, approprl ately labeled "PRIOR ART". FIG 2 i stra es a ’schemat i c

vi ew of a phiyeseipaleploying img:dcaprwxdtggmxdmoeumkmcammsuhnklvudea spelitter-
splitter-conbiner which.c OVI ﬂ ‘ fi ber tection and/ or non-intrusive
expansi on, SPBINRET cAMMARNIG “'(9 ‘invention. FIG 3 illustrates

t he phy5|cal bus I sive addition of
a fourth node ha%?éggg}aggt?alm&eff:tggtl)ﬁlegraom;lgeﬁirsgggﬁta?ngb?g&eéhbodl ment of the

i nvention. cohfpristhgd tomimuaications Mdheaﬂtdommumwatnfnsdmkomdﬂdhg@nal ring
architecture, appropriately | abel ?d "PRI OR ART" 5 jllustrates a

viceupled ko éaeweﬁed-“emd sRlittsaicapbeper

splitter-c n n,

" epr esent | Ao 1adig; o Wb alefe EouARaRi0 SRuOR IS TERMRAIAERE", or

det ai | ed schgimdinicativeBy\caip lém DAdWRRRMm @lﬁFmtemwsn flalfcofabinek- 5,
appropriately | abel ed " PRI CR ART." FIG | ustrates a schematic view of a

physi cal bwemmusycatively coupled torsaidesigual sphifter) cempiunivativelysouplad teian ng t wo
splitter-conbiners, a first of which can provide active equi pnent
protection and a second of which can provide fiber protection and/or
non-i ntrusi ve expansi on, representing a conbi ned enbodi nent of the

i nventi on. WD 02/ 21737 PCT/ USOL/ 26693 6 DESCRI PTI ON OF PREFERRED
EMBODI MENTS




The invention and the various features and advantageous details thereof are
explained nore fully with reference to the nonlimting enbodi nents that are
i 11 ustratwd orn1ishe acconpanyi ng drawi ngs and detail ed in twerisiiessng
description of preferred enbodi nents. pescriptions of well known conponents
and processing techniques are omtted so as not to unnecessarily obscure
the invention in detail. The context of the invention includes

comuni cati on networks. Expected applications include physical bus, |ogical
rings. Expected applications also include ring architectures. The invention
can i ncl udeupsteggmrigput, epd cemanunicativeky qougledripatheadensbeutpet; aed adat@ and

anot her splitter,.in the recei.vi.n at h,of . the, sane node. .In the case of
oot cal o chroPaggdtvice tgmpicabl BarhiSd o A SOUBTRO b ol Ty
avai | abl e fidghufifhiively 3BupRH RS 84id upbitedrh tped S&nGthefdibddieat ofthgnal
splitting, the splittefs can be si n’BIe Y branches. In either case, two of
the splittenyention isdasaign anl appaystubcromprisingd osmmuniqations bnk,seidbi ner. In
this coupl ed confjgyratjqn, one.of the splitters functions as . a conbiner.
The splitt eFTRHHBIC t%?ﬂﬁ]:!f! R'%Si‘h&‘ SaﬁtéFru?ﬂm‘?%ﬂer COTPPBRICELIVEY, br ovi di ng

signal s coniy r REGSt W ¥: k : I | &dB to
appr oxi mat gﬁ/dbgegjd% a?%%ag'?ﬁigx to sf %ﬂggfkg%gg%%ﬁ?dc 1{“?@%1? %Eygﬁﬂl%ﬂg&sw tching
f uncti onal i ¢ommanieativelsedupled b e fisstl liehdend ippubintdesommibniaatively sbupled pr esent

on the bypass, this bypass signal will bhe detected. If no signal (or only a
very weak stognfirsj downgressepetpst and @ firghosisral combings eammynieaiivelsi | | be
detected. It _is jnporiant to.a eci ate that. sjgnal ein ransnitted

2 ong the srRted{TBRd At peRaoRhEs cPnfminCindhitPiole i st SEEHY ( ne
bypass, if inbat, laad @bmdhfhicHtReR oupledrosifitst h&idend Baipu Y MASBrophRld
splitter-conbi ner can be optical in the case of an optical comrunications
net wor k. Al desicea¢dmmbigicatively eospled t¢ said fiwstrdoyenstrieamtovimrlandn t he case of an

el ectrical communjcati,ons network. Further, these splitters could even be
vi br at i onal QPR vRlY cewglsﬁ t%&%éJ‘t;FthHStTS%%’ERth%\P OAd sPlifefor k. O her

types of s p&dn?ﬁiﬁﬁﬁccﬁﬂx‘ﬁhﬂicgﬁvéli %gu%Ied YeveehsdiG3drsP fige{dmc?ﬁ GRPsaig Pr ef erred
enbodi ments  of the 1 nvention tan use a passive splitterconbiner. In the
case of an legadend)saidesesonk splittepapaibuter spdludingr a sevvid signaksplitiencl ude t wo
fiber optic couplers. The use of ,a passive splitter-conbi ner confers major
advant ages. com@paicaively cauplgd to paidbesdand and commpnigativelbagouplgd tor ng. Ther e
s N0 need fahef AhoEhe6hinl and SESolds B KBRS oGy, There are

f ewer _corrponenl_t]s cormpar dn-active device. Ti 's'no swtch to fail.
There is nocdiplddotoisatl secomd signdinplitter @BinnfihiCAvely\edupltdl tBradeesiid Ng at | east
a portion of a network g?al nst failure of signal connection |ines. For

exanpl e, giuRstreamgnpui aed compmunicatjvelyicoppled to saidHirstidipadenshingut. pr ovi ded wit h

litter- i f i.gnal ion |i ils. th
2o Tt ter - coRgpier Sipegimet Bk HRAnyRBATE k) gn Ll Sombifug  cn 1o
detecting Sc'léiﬂ@iﬁ%ﬁrcafﬂrﬁmﬂcaimm}nk, hilleh st aspc)‘i'lﬁgté ofﬁvh‘icﬁﬁ?i_?r&éétkdg aihte network

can be protected fromthe affect of the fai i ne. is can be terned
fi ber prot eastiveequipheens [Hilure,ghatdoctbidesa splitterreomblimereommumacdtivebt ed i n t he

sane chassis as t,he data .drop/a evi ces r even the same nodes. The
splitter co‘i?bﬁpfﬁgrté"tWS?P %gaqadﬁg]g é&d aﬁY‘B‘%PU\%éﬁe@f@&gs. Preferred enbodi ments
of the invention i A Tl e he
comuni cati ons rF(I)‘H%%’ %}‘gﬁﬁﬁ* gﬁ%??%ﬁl Fxtggf)?l ne. ge}t?]gr ri n88¥gquﬁ)g%@g?} a

physi cal buspprédiged ahd uhdersiosd deenaoasideiedtin @ofjunstiomwith tRd fhllowviggcond node

220 and a third node 230, each of which includes a data drop/add device
125. FI G Xespidption and thy ageempanyingdravdngse it shauld e sadersioodahoweigss may be

posi ti oned S d . j - i O.i,s | ocat ed
W thi n_ eacriiny HERIAGERSERMB0 AR infichid bieBlsi iR e LI 26s
includes a invein fdUuhingsrod$sheriTi: @etsiilsgﬂheie_ogqg‘ﬁimrby%? ésastrdtprdet ai |
nunbers relating to the splitter-conbiner in the second node 220). The

si gnal contAndgot 2f fimitationmiManycchanges andowodifisdtions may be impdaiwithin the er 260.
Each of the sign splitiers. 260 jisS O ni catively coupl to a headend

i nput 262 (S§88gf’ﬁg‘ed&’%ﬂ“|°nr?”dmg9”@%‘3%@“ Py %Frﬁﬂglanggﬁ‘?tter in the.
third node inv&@&%ﬁ&%ﬁégafgé}“?%{ﬁ%gﬁ?%_8 230). Each of the signal
splitters 260 is comruni catively coupled to a downstream out put 264. Each
of the signal conbiners 270 is communicatively coupled to an upstream i nput
272 (see the detail nunbers relating to the signal copbiner in the third

node 230). Each of the signal conmbiners 270 is comrunicatively coupled to a
headend out put 274.




The path (connection) between the downstream out put 264 and the upstream

i nput 2?2 can be ternmed a bypass. The other path, typically a shorter path,
bet ween twe @i2gnal splitter 2SO0 and the signal conbiner 2G&Iesvihesoter ned a
shunt. In this enbodi ment, the data drp/add device 12S of each node is
comuni catively coupled to the headend output 274 of the correspondi ng
signal conbiner 270. Data flowis fromthe signal conmbiner to the data
drop/ add device. By providing the third node 230 with its
splitter-conbiner, an inportant expansion feature is enabled. The addition

of another node to t he BRIEFIDESGRIPEION;QF THE BRAWERNGS bel ow in nore

et wor k wi thout - e <aprmtn.of s adviiblas? Aaf RAnkBECRRRREP, 0 £ For ©

exanpl e, giy@Bntfor A& bf tHe dduFponkABiatiadlopeiafion of bfddePsyistdmispravided withode on
the bus can be provided with a splitter-conbiner that will initially detect
si gnal s f r othetiinention; willrbecomedinoreoreadilyn apjearens by defeneng tocthe emeraplasy to t he
splitter-conbj ner.. The additional .node uld then be the new term nal node
on the phys? efﬁ&f?f\"&ﬁlﬂ&%frg’ d‘%ﬁ%ﬁﬂ@@t‘? ‘frﬁg"%di tional node, the

splitter-cogda, I y ; i A; tecting
signals f roignt’%e'kJ ﬁaﬁt‘gé\gg.atf‘%fﬁﬁggtgmg@es ?ﬁé‘ﬁﬂﬁgﬁi“w}‘%ﬁ%g{; g?(%rgﬁg‘?on. As
above, the dnkradére(iftisybooear in morehhn oae eidw) decighateaheshmepirtee Isame chassi s
as the data drop/add devices, or even the sanme nodes. Preferred _enbodi nents
of the i nveshonlshbeneted thas the featuses illusteated inthieslsawings areenct geespparil¥  he
conmmuni cat i (grras Eggggﬁet o the new term nal node. WO 021 21737 PCT/ USO1/ 26693
Referring t {2 ,a fourth node 340, which includes another data

drop/ add device ERS,1 MRStrARSA sckemart WewldT aldonvédtiond] piodecalBls, The signal
conbiner in the fourth node 340 is comuni catively connected to the

upst r eam i niogicabfing,appropriately babel SPRIORARIL y, the signal splitter in the

fourth node 340 Ls.cC icatively connected,to the downstr.eam.qut put of
the third node 2 _.-_%@%F%&,Sc%‘ﬁ‘8ﬁ‘3l°fﬁéﬁ‘éf§’°ﬂ’§§}’sb AL EEE W he fourth
node 340. BycRmBdé tHoees Q%pii&ﬁf—&&nﬂﬁ@@wﬁfc?ll dﬂ'gt oville fiB e f)ﬂoié%ﬁbﬁonb' ner, the

feature of non intrusive expansion is sti abl ed. The invention can
i ncl ude pr odredfdr mop-iatrukive kpanspoy, répresenfing an iembodianend OK thegaversionf ai | ur e of

active equi pnent or..exanpl e, an acijve equi pnent vice can be isol ated
fromthe rest ofﬂ&é ﬂ@ﬁ%ﬁeﬂ ls’tS‘G\t Sméf’&q‘l"?é"l‘\‘&d’é‘l?gﬁe’t%aﬁﬁ\' OBz active
device is & L W i R i . LME: jce fails,
t he associ g@gﬁﬁgghﬁﬁlgﬁo?g;}%%PB%M@F?\ﬁ@%\'Ptsﬁﬁﬁgrbéogneﬁt@%t f"%é#ﬁ%ﬁ% I{u nt signal,
t her eby bypaabadigehtef thaimedtidavi ce. This can be terned active equi pnent

protection. Again, although it can be advantageous to _co-locate the
splitter conbi neFiG.d Mhsiraigs aschenptisoyiawof dcpnrensionabiang achitecturee orbi ner s

do not have_t 0 & chassis as the data drop/add devices
or even thea@g?ﬁ-?aﬁ%)]&g@e?%‘_ M@@?equi pment can fail for a nunmber of

reasons, not abl yFI®VEilluk@ates b 8chadifticeriewbfaripciroiticture witlhéch pvgat i on use
a passive splitter-conbi ner device to shunt the conmuni cations route around

t he fail ed iachiding aisplitiee-combinerr whighcan pravid&activercquigment prateationy e i s shown
with a first nodei. S 10 @ ecopd @ode e?n%o and a third node 530, each of

whi ch i ncl UBESEIHE 4 (P %‘fiﬂ‘&a QEVELVEPHBN £ G 5 i ndicates by dashed Iine
segnents that adglc i @iiRbiries§ dfeYelifle® SRR 84w BF WREA/DIRGRS S20 and 530.

In this enbodi ment, the data drop/add device 125 of each node is

comuni cat i depigtedc oUIIGS] 1+-5, dpipeoprasely tebelddARIOR7ARAY" t he corr espondi ng
signal combi ner 270._ The data drop/add device 125 of each node is al so
comuni cati vel y é’&gpﬁ 'LHStﬂ"ﬁe’t’ pé&c icrview of gnysical s, logicahing or r espondi ng

signal splifitgifecafiQ wiftPlRn AB hdde ihiRBid G cAPIRSL LSRN, B st 284 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.



WO 02/ 21737 PCT/ USOL/ 26693 10 correspondi ng signal splitter 260 to the data
drop/ add device 125 and then to the upstreaminput 272 of the correspondi ng
signal cendioper3270. Referring nowto FIG 6, the data dr eprasdideys ce 12S
is depicted in a nore detail ed manner g The data drop/add device 125

i ncludes an optical receiver 610 (ORX). The optical receiver 610 can be an
optical -to-electronic transducer such as a charge-coupl ed devi ce.

Electrical circuit 620 is coupled to the optical receiver 610. An optical
transmtter 620 (OIX) is coupled to the circuit 620. The opti cal
transnitter can be HEXGCRETIGHY OFRREEERRED EMBLRQBIMENESch as a | aser

di ode.  The i Vel Gy 38 9nd O A1 S EARIARN Uil IBfls Berdder

protection, non-intrusive expa a r-ac ce protection. To
conbi ne t hafexbltinidd MOAd filllySSith Feferefite fo e BBhlihithig GAbdimens thaarde | oi ned
together to forma conbi ned device. Again, preferred enbodi ments of the

i nventi on ilhstrpteddn the anspmpanying drdvings and desaidedein the follawsipgct s of t he

i nvention gan .be inplenented wt.h actiye splitter- iners. Referring to
F'G 7 % fRpapton O pETermbhdishfs TesnBo el KRov cometrety 10| s
second nodgng B0canthPret e AL BmiAR] soaEHoab whichiar fo thedat a_dr op
add devi ceglllzégc c%ueﬁ;sel,ﬁ addi '([%i onal Snodes m‘aly be Ioigg%)g$bet \ﬁleen t he
depi ct ed nakestion in détaik. enbodi nent, each of the nodes includes two

splitter-comnmbers_ 250. eﬁg coupl i I’l% t he headend out put 274 of the first
spl i tter-conbi ndibewcentexbohibg aaypntion Angludes cogmymMeationREtworks i t t er conbi ner

are onabl B hEicHiod! MRRCBRR SRS, BRRafiites MR, P ner

the featur gpplfcaﬁeﬁlsﬂ@émﬁﬂde&i@(mﬂﬁé@u&ek.s enabl ed. The invention can al so
be included in a kit. The kit can include sone, or all, of the conponents

t hat conpose t h&heaweantionean insledesplacing asplitter inthetrkpsmitting patbpfige t he
splitter-cq ine({] an@qjotﬁér .cgﬁgonents ofht g?hl nvent idgn,l Ele kit .can al so
i ncl ude a OpHS 9d-APO8aT SBHES: B Aherecshurg Rath of the samefadey I (o558 Pf g nodes
with the i gyenl kiphal sHiRtidg, the aliteRNéal Bt RadiBMPhMerdPAIROEAMbIE ek t can

al so cont aig I ns{érﬁcs;gillogskg’f or%phr acticing '?he i nvenrti oﬁg%nd appareat us for
carrying optie plcduplers. hCiHeuaed bPeléosicallsignal splitting nthe splitbers cambess

ot herwi se specified, the_conponents (and apparatus and/ oy .instyuctions) of
the kit cafinmyle YHranehiss. é%enﬁﬁﬁ%éwa#?m ters/@RtesouPlFAdogstiInt i on can -
also utili E% r S | h & r I fromone state
to anot her.&? or %ggr%ﬁgéﬁkﬁgbgﬁbeﬁf@gn@gﬁhb%@%%ﬁhggggmgk ei nst rument ati on
to obtain splitteps fimctiodd & 4 combimet.i The splitteheonibiret irsthraidgfintssy shumt act uat e

i nterconnect ed, di screte hardware el enents. For instance, the invention can
i ncl ude noAMd BPYPAFSt he switching state of the splitter-conbiners and

reporting their st . . f i . di stic data.
Further, the inv %g:gﬁ%%gg@gg&ﬁﬁ&%&ﬁmﬁé@é@pﬁ%&ﬁﬁg@&é |€lgl si gnal

at t enuat i oppfrekineeélytlngBRyRPpFoxdateBNROUB fddatileab@inaliconihéd fidil 0 of the
signal splitters and/or signal conbiners with variable filter, polarizers

and/ or r ef thechiinte ajswitshingdunetianalitynis pewyidedbye thersplitter-eembitenolfsie from t he

shunt during _hypass operation whjle sinul.taneous! y, maintajni ng sufficient

Shut sensi RO Pracaa b EPrci oot AL RILGHt: ERS SerBht | The.

Ler m appr oA YeryARediSaghalPisqiibent on SRIHBE, 8% Mun! KA1 FIR%e Lo a gi ven
9., pr , more prefera

val ue (e. ef erably thin 10% o y wthin 1 %of, and
nmost pr ef edetottgd Vit ishimpodtabetoodpprecidte that signalsibeinedrammittekalohgtle n, is

defined as connected,,h althqugh nqt necessarjly directly, and not

necessari | ?hq?ééﬁa?]‘feﬁ%‘(pa??er&%ygs‘g@gﬁpﬁ@%It@??‘ﬁﬁt,edégoﬂgs‘g DRSS &,th‘? s defined as
desi gni ng, 1 'érg'gﬁgentshi ppi ng, installing and/ or operating. The term
program or phrase conputer program as used herein, is defined as a
sequence of i nsthhespliteers thirsogipese fhersphtt@cesmisilerctandecspticli@rtheyst em A
program may include a subroutine, a function, a procedure, an object

net hod, anC#sjofan opHpalcparmuenicaions astveorkc tiltasnativglyp these splitters gan bopl et, a

servlet, a us e object code, amd/.or other, s ncg of

i nstructi oﬁégt&‘séﬁaﬁﬁg0?5830%&§1%??ﬁ‘%?ﬁ_°8ﬁma‘“&%8m B?tw_?%'t Eﬁ#ﬁefh_ﬁleﬁeart i cul ar
manuf act ur kxigtepy RS SvetPSElyibPitionaPil the thRbftaRGcoiichi &mmARRAAGHs Shoul d be
i nexpensi ve and reproduci bl e. Conveniently, the splitterconbiner of the

i nventi on petwople Othwritypesed spiiterg caunld bepisedi ng 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 WO 02/ 21737 PCT/ US01/ 26693 12 techni que. For the manufacturing
operation, it is an advantage to enploy a UV |ight curing, guide tube
techni que. However, the particular manufacturing process used for

R L




splitter-conmbiner is not essential to the invention as long as it provides
the described functionality. Nornmally those who make or use the invention
wi || sel ewd ot/p@3manuf act uri ng process based upon tool i ng RAA/USABRGEY3

requi renents, the expected application requirenments of the final product,
and the demands of the overall manufacturing process. Wile not being
limted to any particul ar performance indicator or diagnostic identifier,
preferred enbodi nents of the invention can be identif ed one at a tine by
testing for the presence of sufficient signal strength differential at the
headend out put direferedsmbadinaents efthejayention qapaisg apaesive splitlstit of t he

splitter-conhiner., I | ti r . si gnal s)
entering tﬁgg}?_érge(ﬁ‘ grl!]g%l %B%E’Péﬁgﬁ@?a%ﬁgﬁ%&eﬁ%s ?lrﬁgsspﬁée%%@l_}rq%:%ﬁni nput shoul d
be from apphésddBietiBerldptitRouplerd PTRX LB passie gBlittetdomisthéd congise in
relative strength between the signals can be achieved by selecting the tap

coupl i ng r andjosadvaptages.r Theredy noheechior seghanicalwriclectiicad switchiagsi gnal

conbi ner. is difference.i | at i ve, st r.engt h n _alsp be hi eved by

ad) usting thETe Ry e ol dsfehion o Theteiiv §S nred Fot saemierifie, LPCLR <, ne

anpl i tude Ggygi &iﬁd&ne‘ﬁ&t&fn‘gﬁ%d {¥eartREVE ABPIch."PHbre iT A6 sWath 1 &4l t he presence
of sufficient signal strendgth differential can be carried out w thout undue

experi ment afhepnishnp switchimgetime. a si npl e and conventional signal strength
met er experi nment, es Speci fi c enbodi rtrfnt s of the invention will now

Exanpl
be further descritsgaveRtiangannpelndeprajectingat {6st 2 pertior oy network ch wi | |

serve to il] i bl YiALA f. S qgal.fi.cance. The

exanpl es araggi?l%{fgﬂ‘greéd‘gr rrsr?egl{egl‘f §gﬁ)&P ggylﬁlé%'g#%%xﬁ&%%ﬁvse aangwr%gg a!)*’&v\/ays in

whi ch the iloaesltring) each/ndide qandetproeidedndthtaosplittertembineadfa signabe of skill

in the art to practice the invention, Accordig&lty t he exanpl es shoul d not
Ji

be const r us@naestionHineifaids, thesplittepeombine that s R Xt felative thexfadled line wilho

02/ 21737 PCT/.USQ1/,26693 1.3 ' l.ogical ([l ide th

i ber pr ot SevtoBo Ao et BN LSBT i Pafickt biebPr By o cach”
add/ drop ( AeRhorkQER beprbteeRa frons Md dffeRf of MRITANRT linel ThisSeHn B t8FméPTbi ner can
include a signal splitter where approximately 5% of the signal energy is

def | ect ed tfiber peotedtiomt and approxi mately 95% of the signal energy is

directed toward jhe bypass.. Suitable fiber optic couplers with this output
port ratio are rﬁmn?@ssmmrsa ¢ poLiRyp f e ocpted p thersamephassisas | nc.

(nodels S / SP-1g| 5 =10 The
splitter- \é\?ﬁ%lﬁﬁgrd %cpe{@{rnc‘?fj ’egraé;s@gﬁgﬁiné%ﬂﬁéﬁémgﬁgeﬁ%%?@%@m%gl y 50% of

t he conbi ndg Is¢qehin-lestergy nodesdPrefereet émboditeatssifithé invendompseroxi mat el y 50%
of the conbined signal ener is derived fromthe bypass. Suitable fiber
optic coupl@?%vﬁigg'reé'é’ﬂmbi“egéﬁ%%? shyny tl&\&;ﬂ%ﬁl“éaﬁq‘?’/ rﬁoytygirppchﬁie( AC
Series); E- %’i@lﬁo@ﬁam cs, Inc. (nodels SWBC and/or SMFC); and Anphenol (part
nos. 945- 1§ - , 945-131-1000, 945132-1000, 945-170-1000, 945-171-1000
and/ or 945- 172- | 0&8ringte PTG, €, 2 pRysidul dus,dbgibalsring 8Glepitted with a firsn provi de
the fiber protection and noni ntrusive expansi on functionalities where each

add/ drop (mody 2hQdesecand nades220 apd 2 t}ti@rnQ%@rﬁ?pnéac.h oftyehigh inalydes aconmbi ner can
i nclud j | it i mat el % of the, si | i
S50 o AR 8,2, PR el 7oL 1
directed t QuaitfdnhNfod¥ Rhe pasitichet Defwdenodss D20 aayps@rs are readily

commercially available ffromJDS Fitel (AC Series); Anmphenol (part nos.
945-1 30- 2000, 944 splter@pibing 25018 docag@ovitkinsagiy oPtiemodes 210-230.2000 and/ or

945-172- 20 e splitter:conbiner n include.a sjgnal conbiner where
appr oxi mat garo%‘h ?&}63 El’ftﬁficelﬁhﬁeﬁse#bs‘i"ﬁﬁales %ﬁ'&f@y‘w@eaéﬁ%]@%a £18870 t he shunt,
and appr oxi % af i j y i fromthe
bypace Exsonmief 24016 (hb AEABRIRAS roR R TR e BB Wit [ God by a
ri ng archi tsecdndrmodet220® ‘€he bigaaldotitbiper(25063 comamnicacivelyadupled to the

splitter-conbiner, The splitter-conbiner can include a signal splitter
wher e appré‘!&f}%hﬂ{lltvrgé% of the signal energy is deflected to the shunt and

approxi mat el y 9Q9% of e.:S] . - PC .. anergy is
directed towar dq{%g q%‘it/ﬂ;easgéﬁﬁ%ﬁiéttgrg?ﬁ?? ? %ég'%%'ﬁéllcﬁ@é@g%élﬁgﬁagg %%deglﬂ gnal
combi ner whgmf 28R PseR>theaé@il nundb¥rdieldting 16 dediped spliferdh thofHidyndde deri ved
fromthe shunt, and approxi mately 90% of the conbi ned signal energy is

derived fromthe bypass. Practical Applications of the Invention A
practical application of the invention that has value within the
technological arts is the non-intrusive expansi on of comuni cation

net wor ks, such as adding a data drop/add node to a |ogical |oop. Further,
the invention is useful in conjunction with controlling the spread of
damage fromfailure of passive conmponents in a conmunications network (such




WO 02/ 21737 PCT/USO /26693 15 It will be manifest that various additions,
nodi fi cati ons and rearrangenents of the features of the invention nay be
made wit Regh2/eeyt ating fromthe spirit and scope of the umpderispieg9s

i nventive concept. It is intended thalg the scope of the invention as
defined by the appended clainms and their 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
alimtation is explicitly recited in a given claimusing the phrase "means

for." Expedd6htEashefthasigns! sylitterse2G0nis sammnicativelyi ¢qupleshiciaat ed by t he
appended subcl ai ns. /21737 16 CLAIMS What is clainmed is: 1. An
AT QYR 2B

appar at us, ni cations link, said communications |ink

i ncluding a spl igdcRlofeRESipRA confbifats p9aid dhmukieHiVEY cbpld heaslend, said
splitter-conbi ner including: PCT/USOL/ 26693 a signal “splitter

conmuni cat iupstrgane inpit 232 (seedhé detdit momibersuelating to thensighal gbinbiey inthepl ed to a
Si gnal ol tETEROUS b Hachof v B G ters dhis oetmeir YA CouRlfd
conmuni cat lt(‘fﬁ'h)éacféﬁﬂmu‘?ﬂattﬁ@ headend out put.

The path (connection) between the downstream output 264 and the
upstream input 272 can be termed a bypass. The other path, typically a shorter
path, between the signal splitter 250 and the signal combiner 260 can be termed
a shunt.

In this embodiment, the data drop/add device 125 of each node is
communicatively coupled to the headend output 274 of the corresponding signal
combiner 270. Data flow is from the signal combiner to the data drop/add
device.

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

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

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

the communications route to the new terminal node.



2. The apparatus of claim1l, wherein said splitter-conbiner is a passive
device. 3. The apparatus of claim1l, wherein said splitter-conbiner
conposes wo bvprmmsnal node of said communications |ink. 3. PR&UsHpP2G6a3 us of
claim1l1, further conprising another ~plitter-conbi ner conmunicatively

coupl ed to said downstream out put and comuni catively coupled to said
upstreaminput. 4. The apparatus of claim3, wherein all nodes that conpose
said communi cations link include a splitting-conbining capability. 5. The

f claiml, f | Si d d [ add | ,
b oot tvet y R iSRE S PR B, B BB o stens. v
02121737 P%Mé&aﬁéﬁégﬁsl,maébeab@o@ea@a%nﬁatafrds)baé 286, THBGIgRkN said data

drop/add device includes ‘an optical-to-electronic transducer coupled to
sai d headerdmbingrin tkefibusth nelde 340 im¢anmunicptively connestsilodbe upsitgalred t o sai d

headend. 7. Th s at f | ai , I ei i d. i t I 1 nk

el udes PRIt irde 2300 SRt ibe HegH WHas! In De FouHh B dfer Rand  sai d

headend, sgi gy aifRRlativel 'ctohﬁéctwd q&gﬂmar&%bﬁ@m Bgﬂa@_}ﬁi% hbi&ss@nd said
p onbi ner. 8.

si gnal conbi ner 1'ncludes an optical beamc e apparatus of

clai m 1, wher ei "OBentse aduditiohalaiddes malyibeladded tothefoarth aedé 340.@abl e coupl ed
bet ween said splitter-conbi ner and sai d headend, said signal splitter

i ncl udes arpreyidingithe fourdprode 340 with it splittgrrombiners thefaatueeefnater i ncl udes
an electricgal conbiner. ci.reutt. .9 . A nmethod, conprising deploying a
communi cat i’ swqwagpopé%lgtm é\na(?Z?(ifi on of which is protected agai nst signal

conduct or fai | urphe WoEHtRIN caAGREINNE PEbteg M RfasPd Pitidh T aTighekRBFRINI cat i ons
link with a splitter-conbiner that is comrunicatively coupled to a headend.

10. The netagemsofailureapfinctive equipment. Fompramplagarsadtiveteqniprecit degiobi t t er
combiner f rcgn %ié’&iﬁ"é‘i %o%%t teerestztct))f?hesrtlel%\razltorksﬁ)?1 Edei&%g tl}éhfodge vtwt gvh?gh claim 9,

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



wherein said splitter-conbiner includes: a signal splitter conmunicatively
coupled to a headend i nput and comruni catively coupled to a downstream

out put; avelo2dgnal conbi ner conmuni catively coupl ed to PETAISH1/QeAB
splitter, conmunicatively coupled to an upstreaminput, and conmuni catively
coupled to a headend output, and wherein switching results froma

comuni cati ve decoupling of said upstreaminput from said downstream

out put . WO 02/21737 18 12. The nethod of claim 11, wherein

PCT/ USOL/ 26693 sai.d cq ni cations 1jnk includ a.pl | i of drop/add
devi ces an&§OSSRPIGHE s8Rl splitter rt‘)itée 5@%‘?&%@%"&?%@ %’8“ B%ﬂ\ﬁeen a
first of sg ' iﬁlﬁ%/ ifRerseoond of said plurality
of drop/ adg:b%gﬁg@&%g%&r%&i%gﬁx 0 hggiﬁ pl d‘?%l ity of drop/add devices
i s communi cat i veReferttgomnw keBIG.r6) nhesdata degyl/add deviceoldd isdepictddanaby

comuni cati vel y decqupling said upstre I nput_from sai d downst ream out put .
13. The netPRiq dstailed manngl. The dm#r%m%wml%mcwéﬁﬁﬁ@oah% tching state

o 5oL S “PILle BTERCE) i oA R Bl Do Lt =110,
further confink@ideg stichcay LéHages ehipled\iévity. MElestridhEciAmitti20d8 eshpled ént a. 16.
The method of claim9, further conprising nmeasuring a relative signal
the optical recetver 610. An optical transmitter 620 (OTX) is coupled to the
circuit 620. The optical transmitter can be an electronic-to-optical transducer
such as a laser diode.
The invention can also include combining two or more of fiber
protection, non-intrusive expansion, 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



attenuati on between a detected bypass signal and a detected shunt signal.
17. The nmethod of claim 16, further conprising changing a split ratio of

t he splitwewn2eosbi ner. 18. A nmethod, conprising depl oyi ng PETARMM6MIBat | ons
link with nonintrusive expansion capapjlity, wherein deploying includes
provi ding said communications link with a splitter-conbi ner conmuni catively
coupl ed to a headend. WO 021 21737 PCTI USO1/ 2603 19 19. The net hod of
claim18, further conprising switching said splitter conbiner froma shunt

state to a bypass_ state 0. ~..The. net hg f.claim18 rein said

pii £ er - oo RROEvER I, Hedeks gt eafied, b B iR PG BBl ca <0 a
headend 1 npuk/GRfkstARABHE)Y dTahé Kt lcin BOHR satheldd tRostANEE irf fRThedttiont ;. and

si gnal conbi ner comuni catively coupled to said signal splitter,

communi cat i vel y Tleinventiorcaralspuetilizeatata progessingmiethodsithat transfoshy coupl ed
to a headend output, and V\/nereitg svgtchi n&ﬁ;@;ul tst.from$ comguni cative
c](c)up: ing (2)fSI 2Pt qeééﬁ??.g Ihane o té’fﬁie?ﬂa'ﬂl %r"é‘éiﬂlgﬂt"ﬁﬁ .CICQTJ.[ "’dﬂﬁle ;re'égod
of claim : : rop/ a

devi ce andovgléﬂlf\gﬁégﬁgpfdgirb- égﬁﬁmheétﬁ‘.%s‘}a%?%%% ca?{l}éepyﬁzeog%%éeté&t o said first
drop/ add deygmal(s) frattwdie imércomnedeatiodistretediardwitte ¢lements. iIFor Giseaiice) that i vel y

coupled to said splitter-conbjner, thereby comunicatively coupling said
upst r eam i ripyention ceniiechadgmenitering Herswitchingstateiof theesphiter-gpmbingrsm 18,

Further Co%ﬁirgf)grgng?hmeii &rltiqu the ﬁe\%dgﬁcb .fo'}%éotra&t?onogs d%?g'r%sﬁé’ ldhttat er - conbi ner..
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



23. The nmethod of claim22, further conprising reporting said sw tching
state to said headend. 24. The nmethod of claim 23, further conprising
recordi ngveapdiewni t chi ng state as di agnostic dat a. WO 0FALTSH1/26693

PCT/ USCOL/ 26693 20 25. The nethod of chaim 18, further conprising neasuring
a relative signal attenuation between a detected bypass signal and a
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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
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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 5% of the signal energy is deflected to the shunt and
approximately 95% of the signal energy is directed toward the bypass. Suitable
fiber optic couplers with this output port ratio are readily commercially
available from E-TEK Dynamics, Inc. (models SWBC and/or SMFC); and
Amphenol (part no. 945-271-C100). The splitter-combiner can include a signal
combiner where approximately 50% of the combined signal energy is derived
from the shunt, and approximately 50% of the combined signal energy is
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).

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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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 communications 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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rearrangements of the features of the invention may be made without deviating

from the spirit and scope of the underlying inventive concept. It is intended that

the scope of the invention as defined by the appended claims and their

equivalents cover all such additions, modifications, and rearrangements.

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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What is claimed is:

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 anotber splitter-combiner
communicatively coupled to said downstream output and communicatively

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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optical-to-electronic transducer coupled to said headend output and an
electronic-to-optical transducer coupled to said headend.
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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12.  The method of claim 11, wherein

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

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

upstream input from said downstream output.

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

of said splitter-combiner.

i4.  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 providing said
communications link with a splitter-combiner communicatively coupled to a
headend.
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19.  The method of claim 18, further comprising switching said splitter-

combiner from a shunt state to a bypass state.

20.-  The method of claim 18,
wherein said splitter-combiner includes:
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, 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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attenuation between a detected bypass signal and a detected shunt signal.

26.  The method of claim 25, further comprising changing a split ratio of the

splitter-combiner.



