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It will be apparent that the optical ring nmesh network described above
permts the use of |arger nunber 9f nodes ‘couplers) for a given optical
power budget than is possible wt RPPA% B8RV ent i onal ri ng structure. In

fact, by boosting the powerof the ELEDs used, It is possible to use the
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whi ch wouPd 8e®ffeeded. This coul d be reduced to 8 mesh networks by the use
of dupl ex operation over the network. O course, by Increasing the size of
the mgsh network, a reduction in the nunberof networks needed would 45
result. For exanple, the use of nmesh networks each having nine rings in a 3
x 3 configuration would entail the use of only eight networks to achi eve
the desired result. A 3 x 3 configuration nmesh network Is shown In Figure
3, this network having nine rings 2la to 211. Each of the rings 2la to 21
is coupled to at |least two other rings by respective passive opti cal
couplers 22. Each of the outer rings 2la to 21d and 21f 21i is provided
with two passive optical couplers 23, each of which is associated with a
respective 2Md/s tributary card 24. The ring 50 21i is also provided with
a passive 50/50 optical coupler 23 which is associated with a 2 Mi/s
interfediate tributary card 25. Each coupler 23 has two arns, a respective
BLED (not shown) being connected to each of the arnms associated with a
tributary card 24 for |aunching optical power into the associated ring, and
a receiver (not shown) being connected to the arm 23a associated with the
internediate tributary card 25. The other arnms (coupler tails) of the
couplg?s 23 are formed with term nated ends, thereby mnimsing cross-talKk.
55 By studyi ng the possible progagation paths through this nesh
network, it will be apparent that it is possible to go fromany tributary
card 24 to the tributary card 25 wi thout passing through a coupler 23 of
any of, the rings 2la to 21i except the couplers 23 on the two rings
associated wth those two tributary cards. Conse- quently, this network has
a reduced end-to-end | oss conpared to that of a conventional ring. Another
advan- 3 EP 0 506 732 Bl tage of this configuration is that a break in
any one of the rings will not prevent transm ssion of signals across the
net wossk because the nesh network provides alternative routes between each
pair of nodes. The table bel ow gives a breakdown for the end-to-end |oss,
and the nunber of couplers required, for a 2 x 2 nesh ring (Figure 2) and a
3 x 3 mesh ring (Figure 3) conpared with that of a conventional ring
(Figure 1). 5 In this table, no selective positioning of the receive node
%S as®uned, i.e. the loss given is the nmaxi mum for any node to any node on
the network. It is also assunmed that 50/50 coupl ers having a 1dB excess and
splicing loss are used. 10 15 20 25 30 35 40 45 50 55 4
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55 Figures 4and5showa practical realisation of the network of Figure 3. Thus, the arrangement has a central

3_x 3 mesh network M (see Figure 5) housed in a box, the network being coupled to eight outer rings 31 (see
Figure 4). Each of the rings 31 (one of which is shown in Figure 5) is coupled to a respective outer ring of the
network M by the output legs 32 of a respective passive 50/50 optical coupler {not shown) positioned within



It is possible to evaluate the |loss for the optical path I ength through any
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43 is associ 8 th a ver ot shown), the others being
associ at ed vmth E 'Eo' °'a%§ %‘”ﬂ% {' ?eéf'f’ffh* selice lofdr of ore a 15
ﬁagatlon pat hs through this
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coupl er s eadhloutet fingl4¢S® 446 1RES thirétFnotiSbX b4k B whith o aéw&sumoeoaﬁda%aﬂlerf l ng

havi ng 1%3.006/6fhe coeblerOAishsideiatbd WA optalisdelier shawﬁ) otifdrs HERY ¥Rt Hith C 2l
| 0ss t haELEDsqfo stewh). Dikdonfiguiagion if\Ehefbed 4 1511084 ring théainietvgek. Of t he st ar
conf i gur at i Bystudging theeprapmgationp4tiis thivbugh Ehisistwidrk, it wifl @6 agparentiieat e shaimir® ndnWer of
wi t hdr aweouplersiR, 48 in@nyrr@dé-tognade pathtis 3the norhter &f byuplersida intherigndniiting ringb#i3lgthe huny  of
.t he ar r aheyoheoupiers 43 in thie Irdceiljing rinp)oed (Ehetmakimain intraber of\cauptersai2 intbadedtrddangrofliThised i n
rany Hay gumbenofsoyplersc(d) derless tian the maxisumaumber (15) for @cunvettionalfring havingf15 nedes, soesh
net wor K Wﬁ"t!hs mRnl nefwirk hasaspaliepmaydmum aptiqatiens thevia ¢payentianairiog An additiopsbadwartags s as
conpar ed°ithe ¥er cenfigustion isthe “ﬁzﬂ'ih (Whlch pytes gags cambe adsiedrip(orwithdawntsersherranfigty

rings ar RgfdBerelyqnhancingihg flexp 'R!PftF%ﬂ'faa Mar con- figurations are possible.
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ot her USE he optet\'fg I_H'hexa'd ving : ﬁ%%ggg be
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whi ch |sﬁ'c'gﬁ%)'{"§e Sﬁ?ibfg eas néjo er rs|°ﬁ‘g'gld y '5 N?/@" I?(s)clal coupl er
(12, &2, 32 or 42), the rings 55 being provided with a plurality of

I nput / oupjakths NOdes (13, 23, 33 or 43) constituted by optical couplers,
characterised in that the optical rings are nmeshed, and in that the nodes
are SO pesiA paestbpticAlddmaificafibns Hétwbrk 3o puurauh%ro.stm riﬁH%T(hCﬂ' afd), dRNOL D
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the manber wing padiedl with a plurality of input/output nodes (13, 23, 33 or 43) constituted by optical couplers,

characterised in that the optical rings are meshed, and in that the nodes are so positioned, and are of

such a number, that the optical path length through any given pair of nodes includes n couplers where n

is less than the number of nodes.



6  EP O 506 732 Bl the box, and each ring 31 is provided with a node
constituted by a passive 50/50 optical coupler 33. An addi- tional

advant age of this arrangenment i s EPRSOP&RRY i on in the possibility of cross
talk due to nultiple path prop- agation. In general, therefore, where a
net wor k {pasox] atd®adh ring 3¢ B provitled witharmededondtitutediby a passivas0zsdropticat doopet|33rAnragdivi t h
5 50/ SfonalGidyEntags of thidwrasgethentdd thereluchiandn fhe bassibifty ntaiess talki due toInyttiplefpethalbpe t 0
use a 2 agaflorsquare configuration ring nesh network; and, where a network
has 13 or ogepenalothersfors, wharga petwérk hatol te 4tnodessitis arefprabledo eguacaoaveptindlirigaiwtit i on
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these 15yKerdid £ dumBér ofhdAed'®H tRinehhittiRglingt Nen the maxi num optical |oss (L)

t hrough any MBS nddes G ré@ivingYing;and- = (err) x coupler [ oss where NT =
nunber of naxlesunstdr dficoupfers ih prinigly propagatiofpats: nunber of nodes on recei ving
ri,ng;20 and X isdeperdbtiupanfthecated bfthiesring meptt nebworly/(3XI1304064) Sixi50.N.Axa),land B@iven by:- X i S
dependent upoa+e-Hrder of the ring nmesh network (3 x 3 4 x 4, 5x 5 .....
A x A), whe Asringisize facloy j.e. 346 A+/le.g. 1A =i the@ng'mesh js 1y ad Xe Bactor, i.e. 3, 4,
5...... e. ghusifér thl 3x Jringinesh netwrgk of Eighre 3sthg maximumuepticakloss 13 Thus for the 3 x 3
ring mesh network of Figure 3,L £H& mduti fhepupjeriossal loss L = (2 + 3 +

5) xcdlpl er | oss 25 = 10 x coupler loss = 10 x coupl er |oss
and the cou™dr | oss 3dB (| a 50/50 coupl er) + excess |oss + splice

| 0ss = 4dB typi caIW‘if”‘Fﬂﬂ'r"@fGr@’Bq?"f @ * gupess loss rgplice |ogks s of 40dB
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maxi nmumafitheistar copfigusationis the saspvith whicheuter engsicar beraddeyl tal (bf WithdrRlwh from)Cheeontigwr- of
coupl er satiprs thereby enhancingithedfiexibiliy o teedrrengementnber (15? for a conventional ring
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many Jays. |In particul ar, there are many different

Claims

1. A passive optical communications network comprising a plurality of optical rings (11, 21, 31 or 41), each
of which is coupled to at least one other ring by a respective optical coupler (12, 22, 32 or 42), the rings
&5 being provided with a plurality of input/output nodes (13, 23, 33 or 43) constituted by optical couplers,
characterised in that the optical rings are meshed, and in that the nodes are so positioned, and are of
such a number, that the optical path length through any given pair of nodes includes n couplers where n
is less than the number of nodes.
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45 forms of ring mesh network which would be used to give a reduced maxi num
optical path: oss as conpared with conventional optical rings. For exanple,
networ ks having rings arranged m?r“&ﬁwsér or rectangul ar con-
figurations are possible. Mreover, ring nesh networks of the type

descri bed2abaAweiwork las cliierecbin rctaliry1.ambrein eschaing (1harn21) is&bupled td atdeastdwabther éingsfbgr
exanpl e, sucineanebfvespectiveoptitalicduplera$i@dr 22} LANs, WANs, and MANs. 50 Cl ains 1.
A passive optical comunications network conprising a plurality of optical
rings (113- 2Anetwark agclaimed in elaim g, whperepitherings ate areangsiddni genergily rectapgilar eanfigumtipre r
ring by a respective optical coupler (12, 22, 32 or 42), the rings 55

bei i g pr ofi déaetwprk s claiped jp 8!1"F‘t3y“"éﬁ°"l th‘bﬂltg;‘ 6"&1’{5?1199‘?1'5663“9(3!385‘1“2'8 configuratipn. 4 3)
conistituted b tical couplers, characterised in that the oEtlcaI ri ngs

are mesned Aok et s el rg'asyagmmahaﬁwm fosbncn <
el udls & cAUAFeRE g Rane Fed et bR aeiioth Kibimee” "°ER%0 s06
732 BL 2. 7A RELYBL Ko Giin d‘?ﬁm mmmtgg.m}am%rsd.nasasﬁanLemg el 20) 1

coupl ed to at eas tings ans OP respective optica coupl ers

(12 or 22}  Rnethork &l &nﬁ‘ﬁalﬁ'ﬁh th&in?k?rbﬁ?o%ded%%ﬁéd&fm& I ngs are

arranggd in a genera y rectangul ar configuration . A network as

clai med i, ChRdtWorRas dMiRddH éhyBﬁ%fElb:ﬂQ%o%rﬁhe?JHémﬂm V\ﬁhca cBPRAYISA paksiverbaRb €
confi gur ati ogpticapeouftenet Wor k- as claimed in claim 4, erein the rings are
arranged in a 2 x 2 square configuration. 10 6. A network as clainmed in
claimb5, wheA pétwork Becldimétds arfylofe (ficlalirisAQsl9, Whergin ahe df @@ Ribded isun d6tPut ndde afd Bech Wor K
as cl awomed i of tiwlottiennodes islreinpat iodé.he rings are arranged In a 3 x 3 square
cepfiguration. 8. A network as claimed in claim7, wherein the rings are
provi ded ®.tAnekwork asectaimen inataie 40, whéeida regpentive EbEKis associdted with dach wf thenippubmmdesy f
clainms 1 to 8, wherein each of the optical couplers |Is a passive 50/50
optical coupler. 10. A network as clained in any one of clains 1 to 9,

wher ei #§ oRatep@nsrtichiodes i s an out put node and each 20 of the ot her
nodes is anln )ut node. 11. A network as clainmed in claim a
respecti v th X‘f'%{'f‘l%'ﬂpsmt d UPP“E?F‘"PPF °'?°H gen(H 31 41) von denen
Pat ent anspr C‘B ’42)
m“&@ﬁ’“&% ?Fa ﬁ' 3’5“? HPIRR m

opti schen RI &)
ander en R g I%:eﬁﬁ soe Eﬁfrg&% Zg'ﬂfde@chen Koppl er (12 22 32 oder 42)
ver bunden i s op RI ntddEEEJUKen A Q& Qﬂé H ben.
(13,23, 33 okRlyie Qe Is
gebi | det wer (fh ,ge net am |sc nge ver mascht
sind ugd daB die Knoten SO p05|t|on| ert sind und e| ne SOi che Anzahl haben,

daB di e LanOggetsWak raf Ardsruén, M 6sin j8dér RiA ﬁﬂ‘@dsr@ﬁtﬂn%&hiﬁﬁstma'faﬁ&rdﬁ RIfBPARbIs

auf wei st , V\QM;[.QQ-QWQﬁdBﬁ{Sppﬁ}@zddaezze@& dgr Knoten i st Net zwer k
nach Anspruch 1, bel demjeder Ring (11 oder 21) mt zum ndest zwel anderen

Ri ngen mi 8.t aﬂazwemeHAngﬁnchczpﬁei R URRINGe muiner alljehbdindéthteckiéh Kordiglration enyebdradet 3.
Net zwewk nacdmdAnspruch 2, bei demdie Ringe in elner aligenein rechteckigen
Konfiguration angeordnet i 40 sind. 4. Netzwerk nach Anspruch 3,

i n dam di ¢ RieteyerkinachcAmsprvch| in desmdie Ringincadnenaligerudireuadietiséhieg enfiguration anvgerdnetinet
sind. 45 5.sindNet zwer k nach Anspruch 4, bel demdie Ringe In

ei nerquadrati schen 2x2-Konfiguration angeordnet sind. 6. Netzwerk nach

Anspr ffh %, NeRwaeeagiABSRRYIH Jcbeldem dis Rispen eiger ayadeatischensxe-Konfigyration angearingtsind.

6. Netzwerk nach Anspruch 5, in dem die Ringe mit zumindest vier Knoten versehen sind.

7. Netzwerk néch Anspruch 4, in dem die Ringe in einer quadratischen 3x3-Konfiguration angeordnet sind.

80
8. Netzwerk nach Anspruch 7, in dem die Ringe mit zumindest sieshen Knoten versehen sind.
9. Netzwerk nach einem der Anspriiche 1 bis 8, in dem jeder optische Koppler ein passiver optischer 50/50-
Koppler ist.
85

10. Netzwerk nach einem der Anspriiche 1 bis 9, in dem einer der Knoten ein Ausgangsknoten und jeder der
anderen Knoten ein Eingangsknoten ist. .
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J. Nefzwerk nach Anspruch 4, In damdie Ringe In alner quadratischen

3x3- Konftguration angeordnet sind. 50 8. Netzwerk nach Anspruch 7, in dam
dbl Ringe mit zum ndest sieben Kn&P&¢@28hen sind. 0. Netzwerk nach

ei nem der Ansprfiche I bis 8, in damjeder optische Koppler ain passiver
opt i scher 16 0N&@gwerkdmphoArepruttsto, in 8ém jbGem Eiagangskndtenreine ELED zugeardhetistAnspr ul che |
bls 9, in dam iner der Knoten ain Ausgangsknoten und jeder der anderen
Knot en an Ei ngangsknoten Ist. 7 * C L M S * EP 0 506 732 B1 11.
Net zwer k Revdndisgtionaich 10, | n dem Jedem Ei ngangsknotn el .neELED zugeor dnet
i st. Ré)vendl catlons 5 1. ~R6seau de communi cation optique passif

cQmpr onanfl- uﬁ%’e 2 dg cemmynication Aptigua PesRicerarienantu &ﬂp'%'tés’f"@ﬁﬁ“’%’l’)'q"eﬂéh?1 cheitdth e
cotple A au 3?5'H°%$6?“P'é*&ﬁﬁ'@'aﬂ‘ Veﬂﬁ”d‘ a@spegglf et p20u42),

(12,22, 32 ou'°§1 ea '“ Q &@"?fﬁ%‘ﬂéﬁ’a""s
d' entr 6e/ sor a{ ?t 'Eﬁes““% $ floguds sont
caract®rise "|° 'h I""o tq ggtge '?Veé*h"" Bairs donrfée

noeuds sont p°05|?ronﬁ ‘fra?: en nonbre tol quo la

| ongueur r ne n
Cougfeﬂr SQU ﬁ?&oﬁf %ﬁatén‘i d@ﬁéﬂqgﬁﬂ%&;%ﬁwau ?M?&t&%seaﬁﬁggﬁ QBft%Q
revendjzcation 1, dans eque c aque anneau 11 ou 21) est coupl 6 a au noins

deux autrgs REBAAHN RYeveRticionTCddns léqleibs §nn9£& h&usf&n Q%R 8t dohlgulatich sBhbIbRL) -

15 3. R6seaum&fRted@nguRird.€vendi cation 2, dans |equel [ea anneaux sont
arrang6s en une configuration sensible- nment rectangulaire. 4. R6seau

sel on | a aevrRsseausaboh afevendicdiin3, danslldguel dde Bnnasux S6vit rangsdlen afid ANYAMALIET SehbibR-
confi gar at i omers eanse.bl e- 20 ment carree. 5. Roseau selon |la

revendi cation 4, dans |oquol |es anneaux sont arranges en une configuration
carres 2 £ 2Résf4yselon la reversiisation 4dansiedual lescaneaaux spaltakrumésen whe panfigusaiiow tarée 2 x
anneaux sont2.equl pes d'au nol ns quatre noeuds. 7. R6seau solon la

revendl cation 4, dana |equel |ea anneaux sont arranges on une configuration
carree®3 & Reésey seignla "Ré@f@&t?@e‘!aﬁh'ew&' 'P’eﬂﬂemﬂ‘ eant #qﬂ'ﬁgsﬁ audneing avatrg nequds-c g
anneaux sont_equi pes d'au npins 7 noeuds. R6seau sel on une quel conque
des revenfi cispayselon 'amvsndica'@né Japsjeue! '??W&E%H" RLATRNGAS PP Configiratigearéedx yn
coupl eur opt:? gue passif 50/50. 35 10. R6esau sel on une quel conque des
revendj ca des n e sortie et

(v en Sk Hirabenlonta yaibaten - e ol SiieeReont Gpyiberrga efi T e
vend! 62 Kool 3@%% S el TV i Ml Bl D88l R
if

nosuds d' entJn%ﬁuple'h optig

35 10. Réseau selon une quelconque des revendications 1 & 9, dans lequel I'un des noeuds est un noeud de
sortie et chacun des autres noeuds est un noeud d’entrée.

11. Réseau selon la revendication 10, dans lequel une ELED respectuve est associée a chacun des noeuds
d'entrée.
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