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{54) Title: FIBER PROTECTION AND NON-INTRUSIVE EXPANSION METHODS AND APPARATUS

(57) Abstract: Systems and methods are described for communications networks. An apparatus inclades a communications link
having a splitter-combiner communicatively conpled to a headend, the splitter-combiner including: a signal splitter communicatively
coupled to a headend input and communicatively coupled to a downstream output; and a signal combiner comununicatively coupled to
the signal splitter, communicatively coupled to an upstream input, and communicatively coupled to a headend output. The systems
and methods provide advantages because a communication network can be protected, at least in-part, against passive equipment
{e.g., optical fiber) failure, active equipment (e.g., data drop/add device) failure and/or equipped for non-intrusive expansion of the
network.
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network. WO 02/21737 1 19 July 2004 PCTI US01/ 26693 FI BER PRGWE@TB@NlAND
NON- | NTRUSI WW¥OBRRANS| ON  METHODS AND APPARATUS BACKGROUND CFjRHﬁUQHMg&EICN.
1. Field of the Invention The invention rglates generally to the field of
comuni cat'i on networks. Mre particularly, the invention relates to the
use of splitter-conbiners in ring conmunication networks. 2. D scussion of
the Related Art Communi cation nodes are designed and used for point to
poi nt communi cati ons over a network A conmuni cations node is a
transmtting-and receiving (TXA X) source. Stringing a plurality of nodes
together.into a ring network is well knowmn to those-skilled in the art of
comuni cations. Wiat is also well known is that an i.nterruption in.

comuni cation serVEEBERPROTELATH Qﬂ@g@@@m%%%;ﬁ%h I nst ance,
conventional ring network is ShOWII’:I in ere ﬂ'\l%bus | ogi cal _
ring is depicted wi-th three nbERHODS, ANRPOAPPARATISMUNI catively 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 physicall Q’ﬁg@kéqﬂtlﬁ | ~further pair of
optical fibers 150. FIG. ? I ndrcates b@ﬁmmoﬁgnents t hat

addi tional nodes ray beFiphisofithenedalichween nodes 120 and 130. Anot her

i nstance of a conyentional ring network is showmn in FIG 4, where a ring

architecture is d eégl‘é@twntrnla qs@genaﬂyétsthblﬁx;ldﬁﬂﬁonﬁﬁﬁwa@mmﬂvml vely
gg?glggogfaggﬂgeglce-E@gk ]§ea%%H%ﬁ@D2§@Q§g§ 410&éﬁgphégﬁ£¥gé? e
communication networks. S
2. Biscussion of the Related Art
Communication nodes are designed and used for point to pomt
commumcatlons over a network, A communications node isa transnuttmg and
recewmg (TX/RX) source. ,
~ Stringing a plurality of nodes together into a ring network is well known
to those skilled in the art of cbﬁnnunications. What is also well icnom is that an
Interruption in-conununi'cation servicé can be both inconvenient and costly.
Fori lnstance, a conventional ring network is shown in FIG. 1, where a
phys:cal 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 witﬁ a
pair of optzcal fibers 140, Node 120 is physwally coupled to node 130 witha
further palr of optical fibers 150. FIG. 1 mdlcates by dashed line segments that
~ additional nodes may be posmoned between: nodes 120 and 130.
Another instance of a conventional ring network is shoﬁn 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



connected to node 410 with a single optical fiber 440. Sim | ddfliyly26¢tde 430
i's physicalWwpozeoupl ed to node 420 with a single optical fibgirAaflngdd:sC 4
indicates 19 July 2004 WO 02/21737 PCTJU$OL/ 26693 2 by dashed 1I‘| ne
segnents that additional nodes may be positioned along fiber 450 between
nodes 420 and 430. A disadvantage of either of the instances shown in FIGS.
| and 4 is that a break one of the optical fiber lines. can prevent all of.
t he nodes fror?&jgisgli rectionally comunicating with the headend. Therefore,
what is requi r@adashed digp segmpants that agdivondawdesmaydepositionsd hloag fibeast sone

protection in 45%%9158{3{1%5?%0%5?%@ n one of the fiber. |lines. One approach

to providing sone prote event of a break in one of the fibers

in the past has been diguanngeof b eURSib Ao h rbRdyndante pag 2! | o

‘fibers. A break in one fiber~ the use of a paralle ndant

However, a di sabieakoagef tife aptics] Spgrrlimas ban presemedinof thk abilaefymhi gh cost .
Therefore, what..is al sg needed.is. a sglytion that provides sone. '
protect i on-i n PHESEHABALY spmanynigaing ighibeiheadends Kherefere, whebs requiredimnner . -
Anot her probl t el I th expansion_.of a rinhg

net wor k requi ﬁ@%&r%@y %‘%ﬁ%@%ﬁ%‘r{ﬁ?@fﬁgﬁ sggie\ﬁrege‘fgoﬁﬂfﬂﬂ’r‘?gfvﬁn de to
the ring requiresksint ¢t oftthe fibenndse br oken, at | east tenporarily, so that
the new node . can be inserted into the ring. This break in the ring can
prevent all of the H88aRPropelyin providing tammprotsctionintin cent afja bieak it he

such a t empor P T REEPersBh SR st pcRe b Sonneet e mldoR fakether inaccept abl e
g Ant S5 A S 120l 84 RS B 7 1
with this techhonsyyf nparaBelendirdantfiberofHamtverea disadvantage of this approach
~ hasbeen relatively high cost. Therefore, what is also needed is a solution that
provides some protection in the event 6f a fiber break in a more cdst—effective
ménner. - a | | |
Another problem with this technology has been that expénsion of a ring
network fequires- interruption of communication services. Adding a node to the
ring requires that the ring be brokén, at least temporarily, so that the new node
can be inserted into the Tng. This break in the ring can prevent all of the nodes
from bidirectionally communicating with the headend until the installation is
C;:implet_e. In many commercial settings, such a temporary interruption to install
additional nodes is unacceptable. Therefore, what is also ;equiréd is a solution
that penpits the network to be expanded without iﬁterrupting communication
service. : _
Another problem with this technology has been failuré .Qf active
N .equipmént along the ring. If one of the data drop/add devicesféils, all of the
nodes can be prevented from bidirectionally communicating with the headend.
Therefore, what is also required ié a solution that provides protection in the
event of active equipment failure.
Heretofore, the requirement(s) of protection in the event of 2 line break,
expandability withm}t interruption, and protection in the event of active

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




.equi pnent along the ring. If one of the data drropladd devi d8duly26(4 s, al
of the nodes can be prevented frombidirectionally comunicating wth the
headend, Therefore, what is also required is a solution that provides
protection in the event of active equipnent failure. Heretofore, the
requirenent(s) of protection in the event of a line break, expandability
W t hout i ntewouwplmn, and protection in the event of act preusegissgpnment
failure, referred to above have not peen fully nmet. What is needed is 19
July 2004 WD 02/21737 PCTIUSOL/ 26693 3 a solution that addresses at | east

one, and prekelntibhhadbldregses ht1ess oh€Gmd pReR alT RE thdsBY&jthreRientsS THE F ect ed
to neeting these requirenents, anong ot hers. SUMVARY OF E | NVENTI ON A

goal of t heiffvglider jsghractedite maeking thase semiigments, afmpng theabove- di scussed
requi renments of network protection in the event of a |ine break,
expandability w thout conmunications interruption, and network protection
in the event of active equipnent failure which, in the case of the prior

art, are not satisfied, nuchIOYMARYRF TFHEBNYENTEON sfied. Anot her goal

f the i tion i sati st yi f.oth i ts, On
embodi ment of the Thohor dis e Rodate RlEedioh. 88 s AT SRR 11 r o
spl i tter - copdguitemeaRUITIIRARIR ProteBtieRNRE dyeriairt Ifid tibals Rikbhd BbiggDi ner

including, a first signal splitter communicatively coupled to a first
headend i npwithawidconampmigatienstintestuptionguidattworkaprotactivn dio trestveatiof: antivput |

and a first_si.gnal nbi ner. ca ni catj vel,y coupled to said first signal
splitter vig¥ ?%’l%ﬂglf?u‘ﬁ ich, ‘E‘&ﬁg}é?ﬁe tti“?/BWl Hh ¢ Bat %Sﬁeciaim%qhkﬁ%t ream

i nput, and GEFRAAEGRALY ¥£is¥ie89&ﬁ+‘§@r %@al of ﬂ% fﬁ%nﬁ&?ﬁgesﬁﬁéﬁzﬁﬁtdne%? fwg opecond

splitter-conbiner conmuni catively coupleable to
splitter - cothbseweqpirements.second splitter-conber including, a second signal

commun cat i vel'y _ C5G B o RuCuEitr SRR bt pURe GRS Hnd si gnal
conbi ner  chinmsplittearicoudiner couplestle twa bidbnd e Hrs spiedr- cophbihérahcMimgd
second shu nett first signal splitter communicatively coupled to a first headend input and
communicatively coupled to a first downstream output, and a first signal combiner
communicatively coupled to said first signal splitter via a first shunt,
communicatively coupled to a first upstream input, and communicatively coupled to
a first headend output, and a second splitter-combiner communicatively coupleable to
the first splitter-combiner, said second splitter-comber including, a second signal
splitter communicatively coupled to a second headend input and communicatively
coupled to a second downstream output, and a second signal combiner
communicatively coupled to said second signal splitter via a second shunt,
comumunicatively coupled to a second upstream input, and communicatively coupled
to a second headend output, wherein the first splitter combiner switches from a shut
state to a bypass state when the second headend is communicatively coupled to the first
upstream input and the second headend input is éommunicatively coupled to the first
downstream output, signals from the first headend input switched to the second headend
input and signals from the second headend output switched to the first headend output
and wherein the first splitter combiner is then switchable back to the shut state from the
bypass state when the either the second headend output is communicatively decoupled



communi catively coupled to a second upstream input, and conmififelaiZd¥el y
coupled to a second headend output, wherein the first splitter conbiner
switches froma shut state to a bypass state when the second headend is
comuni catively coupled to the first wupstreaminput and the second headend
input is comunicatively coupled to the first downstream output, signals
fromthe fir%0M®&EE¥énd i nput switched to the second headeatusemessts and
signals fromthe second headend out pgt switched to the first headend out put
and wherein the first splitter conbiner is then switchable back to the shut
state fromthe bypass state when the either the second headend output is
conmuni cat i eﬁ/t dﬁ{? lLed 19 Jul 2004 V\D 2/ 21737 PCTI USOl [ 26693 4 from
the first upSerBERry HEttEaginpyer s D OB 5 doRovRed y
decoupl ed fioorthé Hest ﬂowggtre@mmmt a(lwﬁ'(mitthe Sisomaisnd xhﬁﬁﬂskh%héd fothe headend
i nput svmtcgfg ng ‘!in1 rst h adeg%n ﬁlputma t he shunt._ Another

enbodi nent peaden %‘HP ﬁtb%SiB‘é’é herembrimert, of dhsipyensionds besed ey Rng a
communi cat i gRhok] wmpﬂsiﬂg dé@[bylu{gta{ SeThEnREREMSiA Witk 38R RIchish % egggusf‘dn“

depl oyi ng incl first splitter-conbiner coupl e to a

headend, s a?@agﬁi%‘f" herginy AGPL?B’%F%IPQ@F povlings fiest splitier-eembiseigeaplesbleite e er
comuni cat i ¥&ld¥nd, €84 IQi'rﬁ@ fitteraofdbiRd 1ﬁbﬁﬁﬁlﬁ‘% Eﬁ};‘fﬁtﬂ{#% y
coupled to a first downstr eam0 out ut, an éﬁr%*@%ﬁna?@l ghal co ?ﬁ#g}éﬁ)
communi cat | $@IPledds adiredeadend anppt g ngngﬁaﬂIVthWupﬂ@lrto afirst dawhistream shunt |
comuni cat i yaby grgyepﬁ%g yely
coupled to aﬁkl rst head Sg%&lgﬁ%lbg%} ¢ pr Oﬁ?ﬁ%&g@&@%egﬁggmd?ﬂ{f%h&@ngl ner
communi cat i Vi@ |a>ﬂratéhmtemumoattw ¢aupkd te plﬁlﬁtmstrezam'rﬂnputeand sai d second
splitter-coghin : [ catli
coupled to a secondtw%g1 ‘gﬁhgﬂlt%atﬁ&% ug On“ﬁ@ﬁ g@tll v%?i Seco N mé“?\écond
downst r eam @nmlpumcatam @usbablndo thedirstl spllﬁermuﬂmnerpsajdmnomhﬂ;ﬂma}-gomblu@i ed to
sai d second;; ec ni.ca Ied to
2 second uplrnaRR, » Mbhd ke hibid RAPAIY comFE i & Beat iR dend
out put, andamiwpinurgcativrincoiplad toebgcont dowastreach dutademd acuebcmdtmgrﬁl t he
first upstream he sec end in to the first, downstream
out put, wher eldfllé}%ﬂ Irhnsnﬁﬂg paltnvglyé: P H@Sﬁ{ﬁ cfsegaﬁui ‘Eg%ag SPLFHSH VIR ASsgen b to a
bypass st at emhesicatively csmphddo h sedad dpstvaplibphts aDevihiugiadtiveB! doupRdpd 8d to
the first upstr amlrbo ttpe% t he
& cadend outpu and couphng commumcatwely the second headend output to the

first upstream input and the second headend input to the first downstream output,

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

second headend output is communicatively coupled to the first upstream input and the

second headend input is communicatively coupled to the first downstream output, signals

from the first headend input switched to the second headend input and signals from the

second headend output switched to the first headend output and wherein the first splitter

combiner is then switchable back to the shut state from the bypass state when the either

the second headend output is communicatively decoupled from the first upstream input

or the second headend input is communicatively decoupled from the first downstream

oufput,




second headend input is communicatively coupled to the first 18dwingéddeam
output, signals fromthe first headend input switched to the second
headend i nput and signals fromthe second headend output switched to the
first headend output and wherein the first splitter conbiner is then

swi tchabl e back to the shut state fromthe bypass state when the either

t he second headend output is comunicatively decoupled fromthe first
upstreaminput ~ or the second headend input is conmunicatively decoupl ed
fromthe fi MY0Z3%Hstream output, 19 July 2004 WO 02/ 21PEVURGR66801126693
4a signals fromthe first headend ingyt switched to the first headend

out put via the shunt. These, and .other goals and enbodi nents of the
invention will be better appreciated and understood when considered in
conj uncti ongw | : 4 Bt i iNg4..draw ngs.
It shoul d bg%%gg?@te{g%g%slt ﬁ%ﬂ&é@%}nﬁﬁfﬁg@%@g&@gﬁ%&@%ﬁg@@f@ e o

i ndi cating preferred enbodi nents of the invention and nunerous specific

details thereof,, js given by y of jllustration and not, of limtation.
Many changes andThi’)sﬁi ?qdcozlﬁ‘?rcgﬁggﬁﬁie@bomgs\ﬂfﬁﬁ%quﬁléné’ﬁgﬁéb@??ft he

i nvention whpedisted SieP@idetsRshd Wi doh§idedell i SoriRFER fwithafdlrllbgidgvent i on

i ncludes all such nodifications. 19 July 2004 WO 02/21737 PCT/USQ /26693 5
BRI EF DESCRIPeTR#erand thizaqsrmprndes drapieg lebnuldheuadosioodhovaronthaaties and
feat ur es CoRBlolving daiBkiifiR, whild/ fidldafile pRAGAlentRRIGAIPANER i Ach AT at | on

of nodel systens provided wt t he Thventi on, econe nore readily

appar ent bynWBeEps spegificsletals theraoiyds givgn by aray of Hbistrationeandaret pRiimitatipn.

enbodi nent spj R4iehe %%mgn j ' rt of
this specif%%%%?@%@éaﬁg%%?ﬁﬁP?Eg&re eren%%sﬁgﬁgﬁg%%gg%&@ﬂ?L%%%%ﬂgggﬁﬁﬁin
more than ofikpavting{ford éel spivittheredfeanskthe invention intludessilouihi modifoatiens. t hat t he
features illustrated in the drawi ngs are not necessarily drawn to scale.



FIG . illustrates a schematic view of a. conventional physilééulyﬁw

| ogi cal ringwoappempriately |abeled "PRIOR ART". FIG 2 illusf ?69
schematic view of a 'physical bus, |ogic ring with each no e inéttides a
splitter-conbiner which can provide fiber protection and/or non-intrusive
expansi on, representing an enbodi nent of .the invention. FIG 3 illustrates
the physical bus, logical ring of FIG 2 after the non- intrusive addition
of a fourth node having a splitter-conbiner, representing an enbodi nent- of
the invention. FIG 4 ill MEESEK{E'EHDMtOEmGthem i onal ring
architecture, apprgrrll atel | abel e %I OR ART, FIG S5 i]Jlustrates a
schematic view of a™r{ QP fRtfonafthea @Wgé%léll’fﬂf?é'ﬁfées ¢onstibdingghe

splitter-combipgsntiot bl of A3 &Elﬁ}ﬂngﬁtsaaﬁ oﬁ%&ﬁﬁ# &?H%)QE q?:& ! esgér'(g})grﬁgd with

representing an embodi ment of e 1 nven

nor e- .-det ai | ed;hsmmm,cwﬂl bevoofe b wbdilygsatent G?Ebféﬁﬁig tothE kiSnplhryp
approprlatelyarng’e] "PRIOR, ART." FIG 7 illustrates schematlc vi‘éw of a
physi cal bus d o OTPF‘HthéiMﬁaleﬂ@@ﬁmi@ﬁﬁwlhiﬁfr@f&dhnmefdrnwmgm ncl ud| ng two

protecti on and SoRRaRitkaR it deaR (TR RbE TR Wbt ke Flieme,
t
Yo 141145 V2 anss Gy pE et OO S BARENIT O T

2004
PREFERRED ENB@bpw.ﬁ; Neshotethhat theefeativoss ilnstratékinvthe dovsingeaeuroe secsshrily
advant ageous a| I s t ereof are explained nore fully with reference to
the nonlimti nag nts that are illustrated in the accorrpanyl ng
drawi ngs and det ai |1qq;|1r;11;l§@atg@ |
embodi ments. Descriptions of %F nomﬁqg%%rr%gﬁ%{r)lﬁkn? @ EHrygfc 15hg
t echni ques ar@gl@ﬂimngdppmpmtemplabblmd “PRIOBCARATI | Y obscure t he

FIG. 2 illustrates a schematic view of 4 physical bus, logical ring with

each node includes a splitter-combiner which can provide fiber protection
and/or non-intrusive expansion; representing an embodiment of the invention.

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

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

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

FIG. 6 illustrates a more detailed schematic view of the A/D nodes |
depicted in FIGS. 1-5, appropriately labeled "15RIOR ART." |

FIG. 7 llustrates 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 equlpment protection and a second of Whlch can
provide fiber protection and/or non-intrusive expansion, represennng a2

combined embodiment of the invention.



invention in detail. The context of the invention includes cdfdusizedki on

networks. Bwgemietb7appl i cati ons include physical bus, |ogi Cai’cf/h?(%zsws
Expected applications also include ring architectures. The invention can

i nclude pl-acing a splitter in the transmtting path of a node. and anot her
splitter in the receiving path of the sanme node. In the case of .optical
signal splitting, the splitters can be readily commercially avail able fiber

optic tap couplers. ,In_the case of electrical signal splitting, the
splitters can be si npl@ESCRIRREANOF PREFERREDEMBODIMENTS he splitters

can be' coupl ed tog e cO se a splitter-c iner. In_this. coupled
configuration one gﬁ%‘ﬁ@“"i’%ﬁ ﬂrgéﬁ%g VFHHE?*EB ehan g‘&ﬁﬁ*&gﬁ@ﬂs detayls thereor -
spl i tt er - conbizneexylntd bre @iy 6% @JM : j1di 1
si gnal s conbi ned ?Ijr omt herbypass \?vlfel’te a ggﬁlﬁ%o? ro%ﬁ§§%€5§§£%¥g%;a%0d8 to
appr oxi mat el y iledited ialthe asmprnying drias/ingsrandriethifet dirthd f8lo t, a

‘ by the splitter-conbiner. 1f a signal

P R e fubctional ity | & o cul oy

s pr esent  on ASHIpp At ereed SpoHisetnst.oRsriutions pEveb isomaccononautss: gnal
| ' ' . Lhe shunt signal

i1 e Get cetaiorhgiRlaichs B afeat) ot ' PiPensbdf b

transm tted alimveptivhén dethilnt are overwhel ned by signals being transmtted

along the bypass, if the later are present. The splitters that conpose the
splitter-conbiner cdif 99atexsof the inventiamencludescahmanicaion aefwarksmuni cat i ons

network. Alte \ . e.splitters n be. electrical in the case of
an el ectri cal ﬁ%@%ﬁ%&kc}aﬁﬁés %F%rﬂ%‘.ys’f—aﬁf?Werqg‘ﬁié%‘é& Expedtedr s coul d even
be vibrati onalappltcatibﬁg ngld}ad@ﬁngmgﬁﬁgés_ conmuni cati ons network Ot her .
types of splitters could be used. 19 July- ;2004 WO 02/ 21737 PCTIUSQO /26693

Preferred enbodi merfihe invention danyerlndeplacmg aspditier pehe itasmpling beth-of a
can” 1 nciuae PHEF FRERK s RofBoiRe e e PR Rpmnola i e case ot
spl i tter-combppgsai §%ﬂ§1_e§p?itting, the splitters can be readily commercially available fiber

optic tap couplers. In the case of eiectrical signal splitting, the splitters can be

Simple Y branches. In either case, two of the splitters can .be”boupléd together

~ to compose a splitter-combiner. In this'coupled configuration one of the |
splitters ﬁmcﬁﬁo_ns as a combiner. The splitter-combiner in-turn defines a shunt
. and a bypass.

By providing signals combined from the bypass with a gain of from
approximately 10dB to approximately 20dB relative to signals combined from
the shunt, a switching functionality is provided by the splitter-combiner. Ifa
signal is present on the bypass, this bypass signal will be detected. If no signal
(or only a very weak signal) is pfesent on the bypass, the shunt signal will be
detected. It is important to appreciate that signals being transmitted along the

 shunt are overwhelmed by signals being transmitted along the bypass, if the
later are present, .

The splitters that compose the splitter-combiner can be optical in the |
case of an optical communications network. Alternatively, these sf)litters canbe
electrical in the case of an electrical communications network. Further, these
splitters could evén bre vibrational in the case of an acoustical communications

network. Other types of splitters could be used.



ma| or advant ages. There i's no need for nechanical or el ectrid8Pulg@d4chi ng.

There is noweegzi7er fault detection. There is no need for n?ﬁﬁ?}ugﬁi/ﬂsg%
There are fewer conponents conpared to anp active device. Theré i's ho switch

to fail. There is no switching tine. The invention can include protecting
at least a portion of a network . against failure of signal connection
| i nes. For exanple, given a physical bus, logical ring, each node can be

provided with a splitter-conbiner. If a signal connection line fails, the
splitter-conbiner thieferied embadiments vé theHievémionedn usae passive syfitiek.ch t o
, at, least part of the

detecting sig fro he shupt: In this

net wor k can bgg%i’g{eéc?iﬁleﬁaﬁ?rpfmoﬁtf@ié?w taRasgixe splatter qeabimricencan be
termed- fiber lm@@ﬁﬁd% 301%,%3! have.to be_| ocat ed
in the sane chassi-s as e g)tﬂ%act%gb dropl 4 i g@ﬁ)ragsxveg:ﬂ%eé GE’[“PFECQ% nodes.
The splitter mmdmmrhrmtagem There iosahes fon nfehamen oﬁ@%&icaf’ E:@-ft@l’ﬁﬁ%

enbodi ments of.the invention use a' . passive. splitter-conbiner device to

shunt ‘the commifi*caPPERs f%'ﬁ%ltéﬁmﬁlt'ﬁbﬂeﬂmq rebd foneonitetiapr Theretase FI G

2, a physical ghis.c depl i.rst pode 210, a
second node 220 ang@b&?ﬂrsgohg)greed;@ %@aﬁeﬁ%’&‘l’ﬁﬁgg hip falat a
dr op/ add devi Gherk3b no khichid gl tiifé cat es by dashed | ine segnents that

addi ti onal nodes j’é\gbe p05|t|oned bet ween nodes 220 and 230. A -
spl i tter-conbiner lm‘éﬁmléuﬁaemdmdmpmt@angablkasthq;dmdﬁsf 2betwbeR. - Each of

the splitter- 0. includes.a n splitter, 260 anda5|gnal
conbi ner 270 mﬂt?ﬁiurﬁg?ﬁﬁn W&Ftéonrﬁﬁ%t %Iﬁé“"’t‘%nﬁﬁegléfﬁnﬂtﬁhé’ﬁw@MJ ner in

the second n 228y eabhi® &p‘;q | vel ¥ coupl ed
to the si gnalmé?gl [ t%e?a ZGSEEQE%EB e slt%%gPlH@%rc(% é’p;%% At

communi cat i vefguneetion ke f@lsathwspﬂﬁmdcomhpmtthﬁﬁﬁﬁxﬁﬂaﬁ{?@ﬂﬂ dhﬂhl‘ml?r S
relating to tg éb nc?e‘%%ﬁlltt aﬁﬁe%f %He third node 19 July 2004 WO 02/ 21737
PCTI USOL/ 2669375 5% 8 Stenahiremghe shunt, Inithis meayo ablenss nachofithé cat i vel y
coupled to a petwork can be protected from the affect of the failed line. This can be termed:

fiber protection.

' The splitter-combiners do not have to be located i in the same chass1s as
the data drop/add devices, or even the same nodes. The splitter combmers can
be located in-between nodes. Preferred embodiments of the i lnventlon use a’
passwe sphtter—combmer device to shunt'the cornmumcatlons route around the
failed Line.

Referrxng to FIG. 2 a physical bus, Ioglcal ring is depicted with a first
node 210, 2 second node 220 and a third node 230, each of which includes a
data drop/add device 125. FIG. 2 indicates by dashed line segments that
additional nodes may be positioned between nodes 220 and 230

A splitter-combiner 250 is located within each of the nodes 210-230. -
Each of the splitter-combiners 250 includes a signai splitter 260 and.a signal
combiner 270 (see the detail numbers relating fo the splitter—combiner inthe
second node 220) The signal combiner 270 is commumcatwely coupled to the
signal splitter 260.

Each of the signal splitters 260 is commurﬁcatively coupled to a headend
input 262 (see the detrail numbers relating to the signal splitter iﬁ the third node



downst ream out put 264_ Each of the signal conbiners 270 is cdhhupi2edt i vel y
coupl ed to awmoowupsBT eam i nput 272 (see the detail nunbers reb@t%(fgl,&&g%he
signal conbiner in the third node 230). gEach of the signal I ners 270

I s conmuni-catively coupled to a headend output 274. The path (connection)
bet ween t he downstream out put 264 and the -upstreaminput 272 can be terned
a bypass. The other path, typically a shorter path, between the signal
splitter 250 ang}jt he signal_ conbi ner 260 can be termed a shunt. In this
enbodi mént, tHé aE%Choﬁfgbﬁal&daloB@iﬁtteH 2695s odmemmicatively donpledanraini cati vel y

coupled to th d out 274 of the corresponding signal conbiner
270. Data fl o?voﬁggtgg%%o?ﬁé@g%%nal conbiner to the data drop/add device. By

provi ding the thir &R 1e39ei LB { .t l;n-lﬁ@éii)' eF s . a01 por t ant
‘expansion feature is enabl ed Ttﬁgmlgg%rf?%dnfso@ moiRaVely s@ihled e i ¢ g
node 230 wi || UpSratimsipss 32 (reb the detaihmumberstrefatingtd thelsBaml dombidet & 13- The
I nvention can i.rH:I uge ding a_node to a. network w thout . interrupting
service to ot HEY nb@%éowpml ceEBPingssAvHl is commuancatively giupdéd al
bus, | ogi cal {J HHeadch§ ll'lﬁfllg ermnal ) node on the bus can be provided
with a splitter c%ar_rblﬁﬁgr t %?&'

will initially detect signals fromthe shut.
The additional noGheyat @ohheriolEb&aRBe tctdbviniled bl 5 iner. The
addi tional node would then be thepnew term nal node %%l%tk?g’%paﬁ@gﬁ%al bus,

| ogi cal ri ng. "REFSATCERARETZ ¢ag herermettia bypasal The deher phth, sypitdlBbra slasrhirner i n
what was the .1 ngde.wi Ll sy t et.ecting signals fromthe
bypass. This b %é‘r:%%g?le %ﬁﬁéﬁ? ﬁPlf%?@Qi?\f)gﬂgws%icembw 2890 bettpraned
splitter-conbsdeans. do not have to be located in the sanme chassis as the

data drop/add devices, or even the sanme nades. Preferred enbodi nents of
the invention use I pasentedismit thedate detp/add delgos 125 dbedelRRgs is t he

communi catio ncsoxﬁﬁﬂ%u%attigelgr rc]:gu&gﬁv " ﬁ:rergeggtlendngu%gﬁt 2F74 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 éxampie, givena -
physical bus, logical ring, the last (términal) node on the bus can be provided
with a splittef-combiner that will initially detect signalsr from the shut. The
additional node would then be connected to the si:litter—con’:biner. 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.



19 July 2004 WO 02/21737 PCTIUS01/ 26693 9 Referring to FIG 3%Jdyfeidrth
node 340, whwglaygt udes anot her data drop/add device 125, Q?§ﬁ$§ﬁ&9
connected to the third node 230. The sigpal. conbiner in the 10 $ode
340 is-communi catively -connected to the upstream input of the third node
230. Simlarly, the signal splitter in'the fourth node 340 is

conmuni catively connected to the downstream out put of the third node 230.
Of course, additional nodes may be added to the fourth node 340_ By

provi di ng the four thefpang 943G, 9y 2 fourthsodp 36 which dmdlideranotite dhgat ur e of
non- intrusiv | ' till-enabl ed, The jnyention can include
protecting at %f—gé:\/g?@gé‘%g? k?soilaﬁ) eep ‘?‘qnﬁﬁ‘:tﬁgmfelﬁﬂﬂ%ﬁ% $430.1 Bhe sigralof active
equi pment . ' Febndkaiih the ' | . bLE. e.dsolated from
the rest of the netv\orglbi?ﬁgfﬁglé%?ﬁgﬂta he no ‘é&\;\nﬁ)é%&\ﬁﬁégﬁd%#ée 8 devi ce
i s associ at ed Wt ef thesthirdode 280nBimitarly, ke tifvesl aphittaran deyidith fodklsso t he
associ at ed sp'l-%'tter-co i ' wifch to detecting the shunt signal,

t hereby by pasd %Od“?’ﬁamg‘g‘(@g 30%9@30 ﬂ%wawumwdhafiﬁidmmgmnent
DBl trer - conts nor v RRg paditiofd BBt BN B AR IS fub ol o ner s

do not have tpro\béngmheafcmdqhinmdeI3a0s:aﬂﬁtg:gpﬁ&g}.goﬁginteaqhg?éaﬁ%rgroq%ﬁtgd devi ces
or .even the . sane .nodes. ,Since_active equi prment can fail .for a nunber of
reasons, not aBiPspé&aPansien st engblefler red enbodi nents of the invention use
a passive splitter | ner evi ce. to shunt the commyni cations route
around the- fail ed@g?ﬁ@%gg&?%gc‘f%%ﬁe% fidesst @ postion;of 3 Fige astrirkect ur e
is. shown wi t hgaindtifiikire RPeetivwlduipinedt SPQ 15 : = i rd.node 530,
each of which includes a data dr,o%]}add de&?’?&ef‘gé&lﬁ]@m@%ﬂ{d‘?e&@es by -
dashed |ine sehehisslatesbiromabe resbofihe nothask by providingahe hbdoagmisksgen nodes
520 and 530. athljvé enbodi nent | %he data drop/ add device 125 of each node
is communicatively g%ﬂﬁ? BASPY14tR <4 SPHERT-Forphimen 7H the aglivg deyiceespondi ng
si gnal | lfails, the associated splitter-combiner will switch to detecting the shunt signal,

thereby byp'asging 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 dévices, the splitter-combiners do 1ot 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 numbe'r 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 Ia first node 510, a
second node 520 and a third _n.o'de 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 ini)ut 2’72 of &e correspondix-]g 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. Qaia flow is from the downstream output 264 of the



conbi ner 270. The data drop/add device 125 of each node is all§duly2004

comuni cat i weby2eoupl ed to the downstream out put 264 of the ¢ Lhg -
signal splitter 260. Data flowis fromt downst r eam out put ggiﬁ%ﬁ?ﬂﬁgyw

July 2004 -WD 02/ 21737 PCT/ US01/ 26693 10 corresponding signal -splitter 260
to the data drop/add device 125 and then to the wupstreaminput 272 of the
correspondi ng signal conbiner 270. Referring nowto FIG 6,. the data

drop/ add device 125 is depicted in‘a nore detailed manner. The data’
drop/ add devi C®reEsBoRdiag sigas! whitiep26@ &t therdatzedropfadd kevicoRES . anfitkerpfi the al

recei ver 610 n i~cal.-to-el ectronic ransducer such. as a

char ge- coupl egﬁ’%@@?@g@%ﬁ%&‘ffjithgpolg?ﬁpg{]thg@mai gomBIsTd0t o the opti cal
recei ver 610. An opgkfeah 0 Pale S . hed.t@ t.he..circuit
620. The opti cal trarl%%!utl% gg‘ﬂig]ﬁqgéé’atgggﬁt(ég; %%/ﬁpg-#%%ggﬁgé%&eﬁletgﬂéﬁGcer
such as a | asenonidstiledThanneny @htidata drop/ad SlevicB A28 daclG@ERINNbpital WO OF 1MOT €

of fiber protection, non-intrusive expansion, and/or active ‘device
protection. CQWWMeTh%ﬁE@Q%WNGF 630 canbean opticalspetledromonbi ner s

can be joi ned 4 4Q8¢RShct k ined device. ai.n, . preferred
embodi nents of the |(r§11\r1/%ﬂn?s| %‘gﬁ%g%%;%g@g?%‘%g& a%cg?fé%gﬁﬁwﬁ@?@}s RERisAdR,  al |
aspects of theahé optixl restives ®10D AL SRiAMBR GG KD pOT '
splitter-conbinpers.. Referring to Fdls% 7, a physi Ca_FO%’E{é,?s ?%udlll%dtraltrl?a i's
depi ct ed .wi t h it 630. Thedwtivalgranamiberaad becaeesl@@fomnb-aptidil tehnpdger 730,

each of which s a.. data drop add device 125. O course,
addi ti onal n,odgggfrr%§g§a5qg@gf"ed between the depicted nodes. In this

embodi ment, each ofThdWeRtiEciald BRfude Eoniihink Sl GUREF AP0 By

coupling the headend output 274 of the first spFitter-co to the
“headend i nput PREectisin, nbe-iseusing expinsioneand/onbitherdevideprefectie gat ures of
fiber protection.and active equj pnent protection are enabled. By providing
the third no&8mg§t5’ P Unedo tﬁe&t%&%fghﬁﬁwéﬁr-qq@m@ramée@med- :

non-intrus i_ Vet@gﬁﬂ?éﬁb #5rrh & combined device. Again, preferred embodiments of the
invention use passive splitter-'combigers. However, all aspects of the invention
can be implemented with active splitter-combiners. , |
| Referring to FIG. 7, a physical bus, logic rilig is depicted with a first
node 710, a second node 720 and a'third node 730, each of which includesa
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 ﬁ74 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 b_e included in a kit. The kit can include some, or

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

also contain instructions for practicing the invention and apparatus for carrying



enabl ed. The invention can also be included in a kit. The ki 19d&dn200icl ude
some, or alwpwei7sthe conponents that. conpose the invention 'IR@éﬂ?/ZGGQS
specifically, the kit can include the sp]itter-conbiner and other
conmponents- of the invention. The kit can also include a splicing equipnent
and supplies for retrofitting existing nodes with the invention. The kit
can contain a conputer program The kit can also contain instructions for
practici-ng the invention and_ apparatus for carrying 19 July 2004 WO

02/ 21737. PCTI 936 therssenion; Uslgss oterwisgsnesifind, the compontrtie fandsppampas fi ed,

i
t he conponent apd/ or.instructiqps) of.the kit can be the
sane as those%lljlse qlllln éﬁél)lr#\%}fﬁﬁgﬁ@ lﬁgne’l Wrﬁsﬁgﬁgec‘%?ﬁdé‘? Yentcae dat a
processi ng met hods TheinvestastséRrdRo Sl aga b E&.smrgem r. For
exanpl e, the invention gan be corrboi neo wi%%ognst urrgﬁlt%gﬁ%agt%g&éﬁﬁai n

stat e vari abl éignalsiremidnestaseta ansthiet For esamplegitelifeintion can beabmbined
el ement s., FqQr _i nstance, the invention can

i nt t ed_di te hard .
:, hel ude. moni £ a’F‘ﬂh' fj“%{fﬂe@%g%ﬁ?& fo ﬁgtaglt state varablg dnfosmatiorpn gntivtedted  and

. e , f . ibeg |
reporting thelgfenai(g} Ma&@ﬁt&@@ﬂ%@%& ﬁﬁcré%%%%%%&ﬁégﬁ? nﬁo&%}lcca gt a

Further, the invention can even In

attenuation letention cohindhydeassnisnthgsthenivitchingvite of iHesphftet-bofmbines Of the
signal splitter and/ or, signal conbiners with variable fiber, polarizers

and/ or ref r ac2Py EeRMHES thegaiate da thetheadens for seperdatipncrstdiagrodtindatae from t he

shunt during ' Il I ul t aneogus Lntai ni.ng sufficient
shut sensiti v?;?t[)g@1 té % tﬂrféégltrvaﬁtﬁfgp%aél\é@gni?aué;y{flgﬁﬁrﬂlgethg r@%‘f"cﬂ ByRHONTHe
term appr oxi mbesbaen the byisessl ah® ki to thanpd@hé B8 Ao 8t tHeqRS lgé\n]%“ gto a

y

given value (e.g,, preferably within 10% qf, 'nore preferab thin 1% of,
and nost pr efBE/2HFZNf sombingrs wighoyariabihlters poiaciaens|and/or aafratsing ifidixei n, i s

defi ned ; l{h h not Sarily dj ly, d t
tecessar | Ty mepaah Senely ovRe et GEgES iy the Shird s bPhss apsration ned
as desi gni ng, vitillelstthiBianeot$ly BRiAAining S8ARIdnt B8hiABAGAYIHP R T neddlSet €7 M

program or phrase conputer program. as
a contingent switching event.

The term approximately, as used herein, is defined as at least clbse foa
given value (e.g, preferably within 10% of, more preferably mthm 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 ne@ssaﬁly meciuanically.
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 execuﬁoﬁ ona
computer system. A program may include a subroutine; a functibﬁ, a procedure,
ati object method, an object implementation, an executable -application,‘an
applet, a serviet, a source code, an object code, and/or other sequence of
instructions designed for execution on a computer system.

The particular manufacturing process used for fabriéating the splitter-
combirer should be inexpensive anci reproducible. Conveniently, -tﬁe splitter-
combiner of the invention can be fabricated‘using any splicing method to join
two Y branches, either optical or electrical. In the case of optical branches (e.g.,
tap couplers) itis prefferred that the process be an optical butt splicing



used herein, is defined as a sequence of instructions desi gnéd#JilpR004
execution orweggpeputer system A program may include a subrutidigicds
function, a procedure, an object nethod,,an object inplenmentation, an
execut abl e application, an applet, a servlet, a source code, an object
code, and/or other sequence of instructions designed for execution on a
conputer system The particular manufacturing process used for fabricating
the splitter- conbiner should be inexpensive and reproducible. . . :
Conveni ent | y, tedhgigsl For dhe mepwicheingepetdtion; it veat adwantge tbempiiyd TAL ed

.using any spl k.ci met hod, to,. jpin . two Y branches, either optical or

el ectrical. | kgbﬂgg%gu@fet&&%,cgmqﬂf’anches (e.g., tap couplers) it is
preferred that the g ; ti : LG l.y 2004 WD
02/ 21737 PCTI. USOL/ 266‘8%‘%%%}‘? ?ﬁ“gﬁed? 3‘?%123 ﬁ@ﬁh%a%ﬂ}‘?rnﬁﬂg%@%tﬁsn, i t

i s an advant agplifter-cenyibingr ia nét essegiidl to thd ingentiin Adohy eiitRelineshe. However,

the particul ar, ngf acturing process used for fabricating the
splitter- combdf¥Tioed fupgtioaglibh (Nammally three whe arakie o4 uae th-dnverdioni willor ovi des

the describe ' SRAZ rmal L,y those whp nmake or use the invention

w1 Ceetect ¢retibk nRaREdnd Bt bkl B RBRE e pitrgY Sramiterty

requi rements, the ipeeteiappRehtiRitlel s Sits bEMSFRIBA dhc bnli ke ddhaldsRyroduct ,

and the demands of the overall manufacturing procCess. "Waile not being

limted to antherieraltmasufasairing pracess. i ndi cator’ or diagnostic identifier,
vention can be identified ne at a time by-

preferred enmbodi mer,s.,of the i e
testing for the pr 3@%8"%‘?”&%{}1‘41@&1%@% P@W&FI%PF&H’QPW"&M&S?@W{ al at the
headend out pUBia@ﬁoMﬁdéﬂﬁ'ﬁér??f&'&?ai éabo iﬁfcn{srﬁtﬂgﬁﬂ%ﬁﬁoﬁﬂ%rpgé idhibOf .
splitter-conbiner, the difference in relative strength between signal (s)
entering theohealh tme tiytpstingfud 16 presdr(cs jof suifieidnd gighhlsttidgtl Gidfdnialt
should be from,,a r%xi mat e‘glpflg_ dB. t o appr oxi nmat el IY& 20 dB. This difference
inrelative §ft‘ih82'§% AU Pithe sRlittsrpombings. ¥ the heaslead optpusef thet i ng t he
tap coupling Wal | i1 BEA _ L.ange litter t he si-gnal
Lap coupi g gﬁglte? ?:g;rfeb?]igéé', fhr? AhbQSde 8 retleﬂﬁressh%ngtﬁl bebveen s1gnﬁ&9 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 achie{red_ 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 fo practice the invention. Accordingly, the |
examples should not be construed as limiting the scope of the invention.

Example 1

4



relative strength. can al so be achi eved by adjusting the anpllPduid@0Hs
signals .emwermngrsthe headend i nput and the anplitude of si g’@qp}ﬁssof,%@gi ng -
the upstream input. The test for the pregsence of sufficient signa
strength differential can be carried out w thout undue experinmentation by
the use of a sinple and conventional signal strength neter experinent.
Exanpl es Specific enbodi nents of the invention will now be further
described by the follow ng, nonlimting exanples which will serve, to
illustrate in some Gdipic v lagies] fisg: eanepsovile ghegfibdripretrction ddmcexanpl es

: ded _ " . q . NS “eh th
Mventi on rmy Hati¥e eRrd o hAl e WS AT Ao dantf haks Peles ¥he o
to practice thgplittereshbier. TEE SpitierGhitbided an fefd H&'a%%%ﬁ'gﬂ%t%f%ags 2004

construed as limting the scoge of the invention. Exa

WO 02/ 21737 PEPPUstnakdss% af3hasighelénesgy isdeflettedtacthe shaimgndcan provi de t he
fi ber protectigon_and Naed, NI USi Ve expansiqn functionalities where each
add/ drop (Al D)apl%ca}gmiaﬁ:gy %%ésoiéﬂe ?ﬁP?It%g?@dﬁ prted toward thebynase r Switabls ner

can incl ude aﬁa@r@ﬁc%@ﬁ'1&&%@&1@&?%rgﬁﬁyagga%ﬁ%&m&&aﬁ gnal ener gy

is deflected to the shunt and appro e sl gnal” energy is
directed towaravailsige fiyopaE<TEK Siyrtaatibs Ind. i(hetels SWBCeod M SMF@): taadt hi s
out put port mrercially .available from E-TEK Dynam cs,.

rafio, are readily co
Inc. (models S%ﬂéh%ﬂ?gmﬂ%%%ﬁﬂ@nﬁlo%ﬂb@rﬁahﬁerp@nmbin@t capdgclpdaagippa) . The

splitter-conbi ; ' | b bl ner ere.approxi pat el,y 50% of
t he comnbi ned s%&gg]bé]?&gﬁ%ér?gh ?X@%&ﬂﬂ%@ % P f@g%to ﬁ@g&%@d gﬁ%g&ﬁ)&%ﬁeﬁat ely .
50% of the cofinmekt sivghandeppraimitely 084 iof ek 6dnﬂﬁhéd1ﬁ%ﬁ%l%ﬁ jpui tabl e

fiber optic couplers are readily comrercially: available fro JDS;Fi tel (AC

Series); E- TEXeDypdifoasthe bypass( iiteble fibepoptiaeelipiers Siehdilaoommendialtol
100 e 9 e s i i 8 s e
' and/or SMFC); and Amphenol (part nos. 945-130-1000, 945-131-1000, 945-
132-1000, 945-170-1000, 945-171-1000 and/or 94'5-172-1000).
' Example 2 -

A physicaj bus, logical ring, can provide the ﬁb er protection and non-
intrusive expansion functionalities where each add/drop (A/D) node inclides a
sblitter—combiner. The splitter-combiner can include a signal splitter where
approximately 10% of the signal energy is deflected to the shunt and
approxirhately 90% of the signal energy is directed toward the bypass. Suitable
fiber optic couplers are readily commercially availaﬁle ﬂrom'jDS Fitel (AC
Series); Amphenol (part hps. 945-130—2000, 945-131-2000, 945-132-2000, 945.

, 1‘70-2000, 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 combfned
signal energy is deﬁved from the bypass.

| | : Exampie 3

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

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



Exanpl e 2 A physical bus, logical ring, can provide the fibeddpelp2edi on
and non- .i ntwgsbyezexpansi on functionalities where each add/ q; wngﬁnode
includes a splitter:conbiner. The spli t&gr-conbi ner can include a“siI gnal
splitter where approximately 10% of the signal energy is deflected to

t he-shunt and approxi mately 90% of the signal energy is directed toward
the bypass. Suitable fiber optic couplers are readily comrercially

avail able from JDS Fitel @%AC .Series); Anphenol (part nos. 945-130-2000,
945-131- 2000, €88y 18dwrodediovents theby @080 The 4Fitiezicopbieranad/mdlude a signal
945-172-2000) . The splitter-conbiner n..inclyde a_signal canbiner where
appr oxi mat el ycﬁﬁ‘E})ﬂ&f %‘?@e ARRTaAGely; L gl{gf-’fﬂ’@r?é’ neaSIgRA epagyris deRYade shunt
and appr oxi ma ' ey 5| rived fromthe
bypass. aamﬁgﬁéﬂ%ﬁgﬁ%tﬂ?@?g&%%ﬁig%ﬁr?g?tl?el ona |E1 g&/%lgﬁalgegleﬁyol\s}i ded by a
ring architedenves fbmrthe bgpissadd/ drop (Al D) node includes a
splitter-conbiner. The splitter-conbiner can include a signal sputter
wher e approxinmately 10% of tiactiesl fpplicatipnsgf the Inyentient ed to the shunt and

approxi mately 90% B‘t\ﬁgrﬁgﬁ{ﬂﬁﬁﬁ%ﬁ% %ﬁ@%ﬁﬁw%@%?‘%}% 7?%@ CTNSOL/ 26693 14 |

energy is directed ~bypass. ( _ incIUde_a
signal  conbi tschndlbﬁfcel apisQkeé Ao Mtyushe:phndibe of eoiRfc oA MRtwGRET 0Y 1S
derived fromthe shunt, and approxi mately 90% of the conbined sigral
energy is deficheas alding a detaidyop(add n®ietota logicallnoipi Fatrther)shefnveitéon Bvent i on

CcGhmol oarcal CAPE ST AR HELAbTH KN A ksl of omes ium b o
networ ks,  supiksi® RHdiEenR iﬂﬁtﬁngﬁﬁﬂéﬁ%srh%ﬂﬁoﬂﬁsgﬁq &%r%?%ne B@gcrg]e 5&%]2 her,

the invention is wuseful in conjunction w,th con I'ng
darmage from f akd/or sevefed quasil vablepoinesinfuriction witeoioliaid BRSprRAH WeT K

(such as brokgn‘o tical fi berfs ] _ :
amage trom 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 h,eré. | |

AI_I fhe disclésed eﬁlbodiinents of the invention described herein can be

) ijealize_d and practiced without undue experimentation. Although the best mode
of carrying out the invention conteinp‘lated by the inventors is disclosed above,

practice qf 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 h;erein.

-For example, the individual components need not be assembled in the
disclosed con_ﬁguration, but ¢ould be assembled in virtually .any configuration.
Further, the individual components need not be fabricated from the disclosed |
matel:r_ials, 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.



and/ or severed coaxial cables), or in conjunction wth contrdPlipgdtshe
spread of depagei7sy omfailure of active conponents (such as pgahfopsips add .
nodes and/or repeaters), or the like. There are virtually innunmerable uses
for the invention, all of which need not be detailed here. Al the ,

di scl osed enbodi nents of the invention described herein can be realized
and practiced w thout undue experi-nentation. Although the best node of
‘carrying out the iqy%ﬂLLon cpntenplatpd'ba the inventors is disclosed
above, practice oflt WHELS mpaHestdhat wrivys afidifipns aediBeatians andcordingly, it

ill b 1y i | in.the.. i i on, be
bract i ced o heiziloiat 0P Rihurs Cob b dIiGiBh inay IR medEmiBoetie i o
the indi vi dualfonotheapiittaadnesse optheRpdagFashRmiive chhtpt Jit3€ LRSRIA that

configuration, but could be assenbled in virtually any configuration.
Further, the #hscepeobthednyvgtiosrasslefiped bydhe sppehded clemneend thein t he

di scl osed mater.ials, but ul Jfabricated . fromyirtually any suitable
naterials.FuFWHE%?NB§PFﬁHﬁBﬂxgﬁgﬁgﬁpwtF@ﬁgﬁﬁﬂBWhéﬁga@§ﬁmgﬁ@émﬁerein can be
a physical ly separ gt apfEhdclaihds 2tk R nlus-
splitter-conbiner nayage_integ?até%ﬁPh%gﬁfﬁgﬂﬁééiéa%§%§u§?ﬁﬁnﬁﬁFéﬁuﬁt IS
associ at ed. Flirchien hinritatioak,lurléss sdtls a liaseaionl ie spplicitly setited gabgiva of each

di scl osed enbodi nment can ggﬁcgnbine with, gr substituted for, the
di scl osed el ef@HRUSIEINE phgase cmeans tojer Pxpadient embodimens of thegavention  except

where such el : , Ly exclusive. 19 July 2004 WO
02/ 21737 PCT/%ggggg%@ggkg%&ﬁﬁgafﬁ%ﬁ%ggﬁgﬁéP%%t'that various additions,
nodi fications and rearrangenents of the features of the invention may be
made w thout ‘deviating. fromthe spirit and scope of the underlying
‘inventive concept. It is intended that the scope of the invention as
defined by the appended clainms and their equivalents cover all such

addi tions, nodifications, and rearrangenents. The appended cl ai ns are not
to be -interpreted as including means-plus function limtations, unless
such a limtation is explicitly recited in a given



claimusing the phrase "nmeans for." Expedi ent enbodi ments of 1{#kdy2f@denti on
are differentiated by the appended subclains. 19 July 2004 WO 02/ 21737 16
CLAI M5 What is clainmed is: PCTIUS01/ 26693 |I. An apparatus, conprising: a
first splitter-conbiner coupleable to a headend, said first
splitter-conbiner including: a first signal splitter communicatively
coupled to a first headend i nput and communicatively coupled to a first
downst r eam ou ; a first signal,.conbi ner comruni cg}/l pled to
said first sigﬁgﬁygg itter via a fi}gt shunt , connunicgﬁhwg$éﬂ§§§pled to a
first upstreaminput, and comuni catively coupled to a first headend

out put; and a second splitter-conbi ner communicatively coupleable to the
first splitter- conbiner, said second splitter-conber including: a second
signal splitter connunicatively cogplagdst o a second headend input and
connunlcatlnn%% g to a second downstream out put; and a second signa
combi ner Pl ? ¥ coupl ed to said second signal splitter via a
second shunt, conmmuni catively coupled to a second upstream input, and
connunlcatlveiy coupled to quecond headend out put, wherein the first
splitter conbtner swi {CHEEFPLEMIPISHET state to a bypass state when the
second headend |samﬂe:c@tnbﬁﬁioouplemétedhmeﬁdjgmdﬁfs likpthmB@ER | nput and
the second he nd input is communicatively coupled to the first

downst r eam ouf! g gsignals fromthe first headend input smﬁtched to the

second headend i nput arfistSighaapigtef édﬂﬁh&ﬁlﬁwé}%ﬂv\gﬂl@d heagdan t M t ched
to the first headend output and 19 July 200 02/21737 17 P ' USO1/ 26693
communicatively coupled to a first do eam oufput; and

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

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



wherein the first splitter conbiner is then sw tchable back t18ulnéd0Ghut
state from the bypass state when the either the second headend output is
comuni catively decoupled fromthe first upstreaminput or the second
headend i nput is comuni catively decoupled fromthe first downstream
output, signals fromthe first headend input switched to the first headend
output via the shunt. 2. The apparatus of claim1l, wherein said first
splitter-conbj i first passive.,device and said s

splitter- conbm@illzsg second passi veﬁdevi ce. 3. The apmﬁyzg?%cl aim1l,
wherein said second splitter-conbiner defines a termnal node of a
comuni cations link. 4. The apparatus of claiml1l, further conprising

anot her splitter-conbiner conmmunicatively coupleable to the second
splitter-conbiner, sabdinairdirhteplitRpldnities isqemlaichable Ghdkdb g s ek Bem Si gnal

splitter co nicatively coupl.ed to anqther headend input and
connunicatiUgﬁﬁB@@ﬁﬁ%@ﬁﬁﬁﬁ%ﬁﬁﬂgﬂéy“ﬁﬁmﬁ%ﬁﬁf uipulis gorgmpiratively deroupled o i ner
conmmuni cat i vefrym @euind: apktean 5pinchr RERA heideiahpus RlobnShicativaly dadeabier shunt,
connunlcatlve%%Pﬁggglgd-to anot her upstream am_i nput, and communi catively
coupled to 4  dorsters et sienals Spwy the fiptdeadsad mputsyyitehed & the Bisbi ner
sw t ches fr0nmg&ﬂﬁOM?mQMQﬁ§§mﬁ@en t he another headend output is
comuni catively coupled to the second upstreaminput and the anot her
headend input is conmunicatively coupled to the second downstream out put
and wherei n the seaopglasl bididh |CORRINGI fi shitehoclild RANE pRAGEadReS UL
from bypass when the either the another headend output is Communicatively
decoupl ed f r olsdidsesendspliitergpsbinsinp fesprskpagsive devies. anot her headend input is
comuni cati vely decoupl ed fromthe second downstream output. 5. The
apparatus of claim3, wherein all nodes that are included in said
comuni cati ons | i Ake dpparpiysief cleing p) wherdimgpidosoednid mplittgr-@aybider ddfings.a tdithinhlil y 2004
WO 02/ 21737 §Q%@§ . The apparatus of claim1, further
conpri sing a%ggggayrop a %ﬁﬁggﬁ%e comuni cati vely coupl ed between said
first upstreaminput and said second headend

4.  The apparatus of claim 1, further comprising another splitter-combiner

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

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

communications link include a splitting-combining capability.



output. 7. The apparatus of claim®6, wherein said data drop/d8dulsélice

i ncludes an optical-to-electronic transducer coupled to said second
headend out put and an electronic-to-optical transducer coupled to said
first upstreaminput. 8. The apparatus of claim11, further conprising an
optical fiber communicatively coupled between said first upstreaminput
and sai d second headend output, said first signal splitter includes a
first optical itter, said firgt signal conbiner dﬁ@tﬁﬂ first
opti cal beanyﬁgﬁggﬁﬁiy sai d second é?gnal splitter incII1 E'sﬁg’c?’ond
optical beamsplitter and said second signal conbiner includes a second

optical beam Lner. 9. e. aratus of clagiml rther conprising a
coaxi al cable%ggﬁgﬁﬁP %ﬁ%ﬁﬁggﬁﬂgg@E@Pﬁﬂ“%%ﬁ%&ﬁé%%ﬁﬂ@@dé&%@F upstream i nput
and said second heatenitabelypotplediRivibed baidfirstaipgRam inphiPdndlsii@ kecbRThcHalas a
first electrical ﬁﬁ%%%ter circuit, said first signal conbiner includes a
first electrical® iner circuit, said second signal splitter includes a
second electrical splitter circuit and said second signal conbiner

includes a second_.el ectrical  conbiner circuit. 19 July 2004 WO 02/21737 19
PCTI USOL/ 2669%‘ 10Tﬁﬁaw'%ﬁédaérﬁﬁp‘?’l?eéfi“hﬁjlddjéﬁldW(aﬁ‘éd%“Em?ﬁaéati ons |ink

Wi th non-i ntr upticdBto-cRxRGIStARERRAIdII Yid3dna hEadeRhit 4 ahnCl udes:

provi ding a fi{st splitter-conbi ner coupleable to a headend, said first
splitter- confSieREmctaoptral trgsdugercoyniad tesayhiint uppirermarpbt. c onmuni cat i vel y
coupled to a first headend input and conmmunicatively coupled to a first
downstream out put; and a first signal conbiner comunicatively coupled to
said first si@§nal Thp#mppsges okglaim 1 qf Sempyising an opfisahfibal commiupshvelyoupl ed to a
first upstreagyi -qgggﬁﬂ% i Y o I fir headend
out put ; provigyﬁgaghgg%gﬁg spl tt%€§%§%%¥%gggggﬁ%%%%%gﬁ$%%ﬁéﬁg%ﬁm ble to
the first spkliterincledssiyfirscopticad hearh plitw saidSipit sigtabconttomd inakarte 4 fist apdeadg: a

and. comuni cal ey eSS EE RIS st Bufd B HER SR s

second signal combiner includes a second optical beam combiner.

9. The apparatus of claim 1, further comprising a coaxial cable communicatively
coupled between said first upstream input and said second headend output, said first signal
splitter includes a first electrical splitter éircuit, said first signal combiner includes a first
electrical combiner circuit, said second signal splitter includes a second electrical splitter

circuit and said second signal combiner includes a second electrical combiner circuit.



a second signal conbiner communicatively coupled to. said sed&ddy20&nal
splitter via a second shunt, communicatively coupled to a second upstream

i nput, and conmunicatively coupled to a second headend out put; and
coupling comunicatively the second headend output to the first upstream

i nput and the second headend input to the first downstream out put, wherein
first sputter conmbiner switches froma shut state to a bypass state when

the second h tput is conmunicatively coupled t [y upstream
i nput and thegﬂgﬁggﬁ headend i nput igﬁconnunicatively 335&ﬁ%hﬂp%%the first
downstream out put, signals fromthe first headend input switched to the
second headendoi nputmetid, Gon@rgh ﬁlﬁﬁagtafa&mnﬁﬁeéﬁeﬂsmm@ﬁn- W switched
to the first headend output an efein the first sputter conbiner is then
swi t chabl e baékPapdon pabiliy, wharein deplevingineliflss: bypass state when the either

t he second headen : j E@gg&gW ' . of the first
upstream i nput orq%ﬁg&ggigﬁﬁw ea engﬁ?%gﬁﬁhygq%%%%ﬁ%ﬁ%ggﬁ%g &h ecoupl ed
fromthe firscodeinmdnchuding out put, signals fromthe first headend input

5355757 18 1 TR R B e s LY
provi di ng anotbemusipdtively esupled arifirseiowaaanidupat andel y coupl eabl e to the

o anal Splitter communiELIROLCFOBBLTE B SO e R B
communi cat i vel¥irst shufl, @iy @ipld@wistné apieat tipi andbslnRReider, Si gnal
conbi ner connunicativelé cougled to said another Signal splitter via

anot her shunt SW&HRM adra ¥ upl ed to anot her upstreaminput, and
communi cati vely coupifith § ReGaQbRRE-cRRRAE BShnAt | econd
splitter conbinerqgmﬁfg%es fr§%1sﬁﬁt to.bypassaﬁ%%%&gﬁégmgﬁggﬁgg headend
output is conﬁﬂﬁ?@@ﬂﬁV&h9m@6H@Méumkp0®hbm8é®bﬁd%upstrean1input and the
anot her headend i nput aée%oxﬁ%m%]ﬁéf éo\frﬁllﬁéﬁc%gw c%gplgc?totaggcogg ﬁe%ggldclll%vl\{pSt ream

out put and

and communicatively coupled to a second downstream output; and
a second signal combiner communicatively coupled to said second signal

splitter via a second shunt, communicatively coupled to a second upstream input, and
communicatively coupled to a second headend output; and

coupling communicatively the second headend output to the first upstream input
and the second headend input to the first downstream output,

wherein first splitter combiner switches from a shut state to a bypass state when the
second headend output is communicatively coupled to the first upstream input and the
second headend input is communicatively coupled to the first downstream output, signals
from the first headend input switched to the second headend input and signals from the
second headend output switched to the first headend output and

wherein the first splitter combiner is then switchable back to the shut state from the
bypass state when the either the second headend output is communicatively decoupled
from the first upstream input or the second headend input is communicatively decoupled
from the first downstream output, signals from the first headend input switched to the first

headend output via the shunt.



wherein the second splitter conbiner is then switchabl e back 1#dulgRe#4 from
bypass when the either the another headend output is conmunicatively
decoupled fromthe second upstreaminput or the another headend input is
comuni catively decoupled fromthe second downstream out put. 14. The

met hod of claim 10, further conprising nonitoring a swtching state of said
first splitter-conbiner. 15. The nethod of claim 14, further conprifing
reporting sai ] jng state to sg| d headend. 16. The, tetl claim
15? furt%er 6@%%@%%@%5 recordi ng sai%ismdtching state §§ﬁgvb nggﬁic dat a.
17. The method of claim 10, further conprising neasuring a relative signal
attenuation between a first detected bypass signal and a firsL det ect ed
shunt signal. 18. The pethod of claim 17, further conprising changing a
split ratio ofllt hdhemeted efisfaim 4@ furthersopprgng providing another splitter-

combiner comimunicatively coupleable to the second splitter-combiner, said another

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

decoupled from the second downstream .output.

14.  The method of claim 10, further comprising monitoring a switching state of said first

splitter-combiner.

15.  The method of claim 14, further comprising reporting said switching
state to said headend.

16.  The method of claim 15, further comprising recording said switching
state as diagnostic data.

17.  The method of claim 10, further comprising measuring a relative signal attenuation

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

18.  The method of claim 17, further comprising changing a split ratio of the first splitter-

combiner.



