i CPTICAL COVMUNI CATI ONS NETWORKS This invention relates to wavel ength
managenment in an optical conmunications network enployi ng wavel ength
division nmultiplexing. 5 It is known _from"A Preconpetitive
Cons@rtiumon Wde-Band All-Optical, Networks", by S B Al exander et al.,
Journal of Lightwave Technol ogy, Vol. 11, No. 5/6, May 1993, to configure
en all-optical network (AONhpa& -3 1hi-Shmbsihicaa shicC RpffoR&igUr e in which a
plurality of level-O AONs, having optical.termnals and al so known as
passive optical networks (PONs), are connected to level-1 AONs which 10 in
turn are connected t®hiLVichven? 6. -diatteLAY hastral drigtdd management in an
frequency-sel ective. local bypass for_wavelengths whj Aaldls ;

for use at Ie9€F*tfltﬁ%’§m‘éﬁggFFﬁanf heS ¥ 4Re™ vpe‘ll%lgéqig" atq%elbe[e}{%ggg 13’%%2"3}1
PON. To cosnemtlvipberrihgrnminal on a different PON, a term nal nust use, a
wavel ength not in t l.evel -0 s 0, geagh. i - | SvEla bR aer e
t he-wavel ength is rou el%gél ohgélr% gka_ S'P%\F%%eﬁ§a€&+ g%/e Al A:I\'O\Ilncjﬂ upwar ds
to an associ aBand| aVktOpticalt Networksh, FOK DB Ala¥andaniel alel,- Tonggal
Frequency Chaaﬁerﬁ?riﬁ-»a% uggdnhB1 bBirs Wit erieasae. | NseeNaMagnal 993, to
Application No. PCT/US92/ 03256 (Inté?national Publ i catiqn No.%g;$§¥18890)
di scl oses an SPREEIPTAARRRAIL APHIRSs 28TF N ABON ngs 17 sl o1l gEee
fibres canoyi $igreptucal imt gR@ith Naopinstdin Wt r @€t | basel FacAONEle Gampmgses
20 an optical_swigh_ in the formof. a controllable linear divider- jner -
(LDC) assenbl ?/p%n?%ﬁ AR OThE 2BRtFLTO d?noawrf\leatsvv(bjora%s vrr%’t ?)atq'&erjft r%ee t%%r oérnl s
power di vi di n(P@Nel) comizieni egnhectedclicof 1 enel nhy edsdswiti o 4 nvaebangre
demul ti pl exer & €b9nala1fhoRbRA. i NRHEAPOBN has?B 24YkRE! fRRGuentie
articles "Lin%%gﬁ%?g%tmgee Net wor ks: Pe[forngnce | ssues™ by T E 2 Stern
et al., Journd®leetivghthRcal TERWPRE Dg)\ioX/olvavel engrhsy) arhigh ) Afte PEFS3,

and "Lineas Linhée@vea Netypr ksse Haye Faresain-glheyHus?" enaplindg Steyen, same
rence

Conf R d, | EEE 4. ob Tel [ [ Conf 2-5 De
1990, Vol - 3 RHEHRRTORE. £ 7% | FFEE OPLCIBEE BNcal TBASCRBRG oy TTE s
LDC as an optteshisal tah peiffifierieny SOM, r ol tathenak velsn dhisz e vaived eogithcal
st gnal routing, 30, ERH’OEL%V&?.’—O% SR ddh T80 4856l PEAPEEYEOIR! WORP

control |l abl e power di'vidérs (also known as directional couplers) disposed

so that each whexe Hhw® twaxel angdvisr spussdyeishnscte® (RPMBR Sbatud eyt
In preferpgd ArAGNASRYWatde 6 A a3 1A teVIlAS-2 2D thAHeREh &S PiORPUL

ports connected to_the output of_ a conmon
on a different level-: AON. Frequency changers may be used

in this latter case.
International Application No. PCT/US92/03256
(International Publication No. WO 92/18890) discloses an
25 optical network of nodes and connecting links of pairs of
fibres carrying optical signals in opposite directions. Each
node comprises an optical switch in the form of a
controllable linear divider-combiner (LDC) assembly which
under the control of a Network Control Centre performs power
30 dividing and combining for each of the wavebands from a
waveband demultiplexer to route signals from an input port to
an output port.
The articles "lLinear Lightwave Networks: Performance
Issues" by T E Stern et al., Journal of Lightwave Technology,
35 Vol. 11, No. 5/6, May/June 1993, and "Linear Lightwave
Networks: How Far Can They Go?", by T E Stern, Conference
Record, IEEE Global Telecommunications Conference, 2-5

This Sheet Has Been Replaced

(MR-



2 waveband demul ti plexer and its output ports connected to a common
waveband nultiplexer. In this way, wavel engths in a waveband can be
confined to limted regions of a large netyork, and the waveband can be
retused in other parts of the network. 5 The article "The EAVBDANET
Mul'ti wavel engt h Network: Architecture, Applications, and Denonstrations",

by M'S Good . 1 EE_Jougn l-ect Ar [ -§‘9_{@%Qi i A0S,
Vol-. 8, No. %ﬁueﬁ%%_fggﬁ gloi'él %’S_glsai&plgﬁaragl il'??/l?(')f Si;(é) e(gJ; eac (fﬁ%\ﬁnll C
transmts on npdesspeaPley¥lRGyerRngilE e8nmit SPTE624 sPYltebuReatanitngt_

each node outguft sy INKIAICaMvdFEnACE eQblel vBOdSpt] Fall sifiler trvapay,ate
the received set of wavel engths.a _pode may lse way Isn% tunable filters
and recei ver COMM AL paB% | RBYLFetBBvers ” es'ﬁégg "REPR S B AT TSR ng

Net wor ks f 6r- comtxdi 1Giso| iptatdron ddnd deaser ¢ahsectkmown s S &S Addgriemadt
al., Confere e d, I opal er o.%[qru' e} 14-18
June 1992, Vg(f&ée%ggges&ﬁgé{'%m?815%2%I ge%g:? ar!"p ral %?/Q%f (%%ﬁt riahel

O fices (COs)caraddiadal hycanpeeted e toul anMaQVERWHt POLtng nérwmrefegredcO -

acts as a sWGhhnqunbRachtRbrbhe @ hesv&hp) Sends cheaNsEH ORavi Rgt N&s
swi tching CO on a.Tespective wavel ength on both fibres (one cl ockw se and

: vel eng

the other antifR¥TcRIFER FOPNSLELECIDNERD PHEBUEhOT i g RBFETt Fayeband
brgken). The aBudldiiple L2 r eadi \igs adud ey lei_:@ﬁﬁ& h&ohﬁemc‘ehe g her chmdes,
and retransm_ts_qn the correspondi ng wayel ength to the approprjiate .
destination (‘ﬁv%‘ﬁ"é: é‘k‘?Fé?ﬁg"Fﬁe i ncoffng® sé’&é”onw??giﬁggggisat’e’a a
wavel engt h andhvehasnd scan deg goondginedsane odnmiledsamsyivne| efgta Usioye a
dedi cat ed optj d-.dr;0 [ @) [ | [
fibres for trdaeﬁ’?r?\‘g%i Sg’dt gh%hléggé/\nb?%ﬂi%ﬂgg Zoysed ggtggh%gi ) f‘#n(rgehsefor
reception frd¥EHEER25 Switching CO wavel engths can be pre-allocated for

direct copgections bREVWesRiCPe (iTHe DAUBHARSET nﬁplhiﬁﬂ@@léh@tﬁ”ﬂe@@%iﬁ: hese
wavel engt hs bheing directly coupled at the switching CQfromthe jnner

) . .
fibres to thé Y %S ARBEE)FGFH@“?O #£09 r JemPBSELAtIPNEhe pPBsht S
i nvention t h@oodmamprowyedalan o EER| Couvndl caphonsebetvedk aespEi Siirg: a

plurality Ofd%%%y%yﬂa%i%%ééiveol. 8, No. 6,Auqust 1990, discloses a
_ plurality of nodes, each of which transmits on a respective
20 wavelength, connected ¥o a star coupler so that each node
output is broadcast to each other node. In order to separate
the received set of wavelengths a node may use wavelength
tunable filters and receivers, or multiple fixed receivers.
The paper "Multiwavelength Ring Networks for Switch
25 Consolidation and Interconn;ction", by S S -Wagner et al.,
Conference Record, International Conference on
Communications, 14-18 June 1992, Vol. 3, pages 1173-1179,
discloses a plurality of Central Offices (COs) conneéted by

a 2-fibre multiwavelength-ring network. One CO acts as a -
30 switch, and each of the other COs sends transmissions to the
switching CO on a respective wavelength on both fibres (one
clockwise and the other anti-clockwise for protection in case
the ring were to be broken). The switching CO receives all
wavelengths "from the other COs, and retransmits on the
35 corresponding wavelength to the appropriate destination CO,
which extracts the incoming message on its associated
wavelength and injects an outgoing message on the same
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30" optical networks (PONs) in which comruni cati on channel s between
termnals are wavel ength multipl exed, at |east sone of the PONs being
ar'ranged to relay an optical signal on an jincomng |ink to each of a
plurality of outgoing links; and connectl dn control neans for dynamically
al l'ocating a first wavel ength for a 3 connection froma first term nal

connected to a first PON to a _secand _ter.m_nal. t first PON
or to a diff¥PISLeBERE Afd o ﬁéﬁf-’% & yp% cfaro ?‘ng‘g?ésgggﬁg§é t aftall e
wavel engt h f viarémnreassngnahiitse ot @fedibred foe REMMani TN Havithe t he

first and seqond Lot 68 Snaddh WhicdAusin ke Bedi-abe :RA\ackBIol ocknsal d

dynam cal | y ocated wavel ength on any such associated |i not

li nk which i $hgafVibehing ??aﬁ%ﬁ‘ﬂ%%%tcﬁnf Pﬁrﬁf?lea#}r?%ﬁt?%%rnéﬁrﬁgtt he

second tergn Rahnelet WAEKS belwaeaor degce (i é.n tiwx prRseiing Nweditouyh Cehlker ast
with those of the bov ment i oned

t . d I
optical swi t SH E&t o328 §a38&EPF%r§sgrr'°redﬁl ’(?en n@ﬁfe?gfybl’%élggggt n%fgoggf’h
i ncom ng opt swah:cauglgabot dz‘remcluheut.gnemgfibbee tonkhandutiee fibhrése

wavel ength filters Ag ‘g’? 0{:‘{,}99' EQSLEaQ pLssi 8951:{:505}?9?5)?\'1593 t$on

nei ghbouring PONs i et ar rangenent ters |sposed
at the rec®i thagenods toPS@Vb@?dt hénr ecﬂnﬁla#k/vav@@%'gﬁhc#'ﬁm%l saetyprk

i nconi ng waveghg 9&B§ngl nat%wrazm v ¥ aeaheeﬁéatﬁaslé@@w@caf nkR@orks
filters, a vvave en t h can bl ocked on certain _ou %Il g l i nks .and al | owed

to pass on a EQQIFr)eHnI VRkCBr CPIRRRL Gt B\ RANRE LS, &SGR B Ha T En
PON, or an i waveledgghe MONiplkaadd,esathel dasanssbmeedivathberBpNs dedng nce

t he vvavelengthlsc flne n SOCi t

connection i ETE8RY S &?n l@%l I{’L‘ °é’q}|sﬁaglca Mor%s%gwﬁﬁg%& %QE to
connect i oh0 weiach dbes piotralQ ty wfobusgelogniiomksONnd Seonestienvoektrol
provides a ”ﬁE‘A’ﬂﬁk ﬁ%taﬂéﬂcm@ﬁlgﬂa@é&ﬁ&oae ﬁi&stthewa%fé ae[mdahm.eaf af

transmi ssion pat connect1ons and in the selection (includi ng re-use)
of the tr ansﬁP§§P§ﬁlﬂEv§F€Hg§ heirsh EeFpiral pomnaqtad 4a Rofk r8t FRY £or st

aspect, the gony@EdadRteinal n@@ﬂﬁecee@r ru@nggdldyrﬁmwl PNt ool lwerake,
(o0 Sa0d (113l cRonaee . 2hSEoNd 2R RNl S0t Lo A0 55500 L™
15 tunable wavelength fllter means on links associated with the
PON or PONs having the first and second terminals, and with
any intermediate PONs, to block said dynamically allocated
wavelength on any such associated link not being a link which
is part of the transmission path from the first terminal to
20 the second terminal. _
Networks in accordance with the present invention
contrast with those of the abovementioned prior art in that
they do not employ an optical switch, but have a coupling
arrangement for broadcasting each incoming optical signal to
25 each outgoing fibre link and use tunable wavelength filters
to block outgoing transmissions from a PON to its
neighbouring PONs instead of the prior art arrangement of
filters'disposed at the receiving node to select the required
wavelength from a set of incoming wavelengths. In this way,
30 by appropriate control of the filters, a wavelength can be
blocked on certain outgoing links and allowed to pass on a
desired link or links whereby only the intended destination

PON, or an intermediate ©PON, receives the transmitted
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dynami cally to control said respective tunable wavelength filter means on

| i nks associated with the PON or PONs having the first and second
term-nals, and with any internediate PONs, to bl ock said second dynam cally
al located wavel ength on any such associ at ¢t Tink not bei ng a link-which is
part of the transmi ssion path 30 fromthe second terminal to the first

terminal. In 258G r% "ol s %J&%‘PIQW& QfelEHStL' £§tc8:§9fﬁ+d ig%f%@e

| i nked seri aI‘iy he r'ess or each an out
nei ghbouri ng éﬂ@\l Jtlmi<5r emqwmm@ f |'ql'taé:r m%ﬁm dtted a8 h B9 nks

in the di remd}{iﬂanﬁfcallf fé\rdﬂa&ar&d’%ﬁddéesmehdah b@tm;ard&{meu&x
bl ock permanen wavel'engt hs all ocated, in use, ﬁé L connecti on C(Hﬁt r ol
means to terrﬂlﬁefikédl"&s PINSHOL YN t TPIRGR FAY | oRBF R aR ELEOTE RFovL

respecti vest-unatdtavddd tce:rnﬂmaserassnsnabedbmet ficbpaksn ithd mthb‘lemthmtof

decr easi ng P addienn Sl 09 SLLANIRL QoRLgEk, B5L MRRETLLY o VNSl sIgLDs
ocat ed to Termi hal r-ansm S$ Fghar addr 6ss Wher €
in use, only timeludisg e:a‘-n-ta@r afedihe Mlmtsedow wavehengghdsilng | i nks of'

the respective destipagi @mrE@'\ﬁré,@e%wh}Q&e%m SN0 A U RRD WiHd
that connection are controlled to block the respective wavel ength. I n such

a second pr efSIAREF HAMWGORELL@RRS |45 tad’é’aé’@ﬁﬁeEYPBﬁlEB%%Yo‘W Pé-lrﬂé‘érﬁe'l s
arranged 4o atdmcaggidor f‘n‘.ﬁ:aiﬁsmmmmrmrpne di restond Wedoktsghhh Wigdh

are spaced and alternate el engt hs,_whi ch n be all.oc d far
transni ssi onqirr?r’t% S5t \¥§°f“evg?‘| Pofi®C f‘eFﬁ’é’H"{’i at ﬁé c‘%‘rﬁ;}"c SR r ol
nmeans i s arr agedynamilcladdgt eofmnttrcalnssrmslsreapeutbne Tinadek e oraved\eighiygt hs

wihin a fir s ainead (0 4bagakeebatalod S ARSOSIAN O ddiG FARASLY °

di rection wavel'engths wthin a secon Pre ! he connec
control neanghss %wsmgeudtee&pnéca:eermmal@acra@nmthi 8nYa ipdiermsgfdiate

wavel engt s, i) RY MHIRRINS SRAGRL G %ﬁf&i&tc%ﬁtlya@l‘i%at@?PWa@él%dg%kﬁ

second aspect of ‘t he present [nvention there is provided a nethod of
est abl i shi ng °”céﬁl¥uﬁP€5t PIROCHREGR il Nt é}q“ﬁ READY Bnlink whbehd pAFt of

communi cat i orgheNairaisice N Yarh &rdinifdld ¥ conhdopkirtidnlay Honkde Fassiwe
optical net wQJr ks ks 1(1129\5) I n which communi cation channels between term nals

are
In a second preferred network of the first aspect, the

20 PONs are linked serially in address order, each having an
outgoing link to each neighbouring PON, the respective
tunable filter means associated with links in the direction
of increasing PON address order being arranged to block
permanently wavelengths allocated, in use, by the connection

25 control means to terminals f-dr transmission to PONs of lower .
address, the respective tunable filter means associated with
links in the direction of decreasing PON address being
arranged to block permanently wavelengths allocated to
terminals for transmission to PONs of higher address whereby, -

30 in use, only the tunable filter means associated with the
outgoing 1links of the respective destination PONs to
neighbouring PONs not associated with that connection are
controlled to block the respective wavelength.

In- such a second preferred network, preferably the

35 connection control means is arranged to allocate for
transmission in one direction wavelengths which are spaced
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wavel ength nul ti pl exed and at | east sone of the PONs being arranged to
reldy an incom ng optical signal to each of a plurality of outgoing |inks,
the net hod conprising the steps of dynamcally allocating a first

wavel ength for transmssion 25 froma seusce termnal to a destination
termnal for a first connection, and dynamically controlling respective
tunabl e wavel ength filter neans on |inks associated with the PON or PONs
havi ng t he soande adrcmhestd nettlonwavebengtss whdohi tdanmare i aldogetiedt dor
PONs, to bl OCE::E?{EﬂiQL!i.BﬁaEﬁdtﬂ@VStEQQt Bi?:ldﬁ@ibﬁ?t the transm ssion is
confined to the transm ssion path between the source and 30 _destination
term nals, thereby eNditFRRtiesly.al | 6BEt e FOARRLETLARH h AP HOscPeRrPF als

E’ i n}ll tagleoustﬁQBHﬁQEEQntT@V?lde%%h ?\f%rﬁ ?Eghﬁgmiéélflfﬂi sﬁh Orprat a-irfection_ |
referably, ere_is ipclude e step, of dynanjca all ocati.ng, for _sai
first connesctVﬁﬁ,elﬁngEEEndW%\B’%Penﬁt hPJf"Eﬁtt G sﬁ%% f*fom Pn?% i F2%i on
5 term nal totrhrsapsstent ennthal ppandrdgndireatipnceoavedbkbhgofssatidhin a
respective tugg?hgdmgxghength filter means on |links associated with the PON
or PONs havi ng e source and destination termnals, and with any

i ntermedi ate PONs, tRrafiexadlshi dthecopanestirnt conteok| Beans ischrraageghe

transm ssion £5081158ad8SEbBALREA echBEBtBh hSph9R! bEeHakB1EABths, each
transm ssion path between the_ source and destination termnals. Preferably,

the PONs di% PRhkcBeiR¥i SPRGeR nPRqdr ERRS BRAE2MABRES ncl udi ng per manent | y
bl ocki ng one wavel errgidomiimpitd fa seicondd aspeend odl theapedseatel anghbsoan

each link | eag) fr,gm P I r
bl ocki ng theag%%g? vj\%v e%%é%f gsar%lﬂg%?oggfeefém%/lg%ligﬁscgﬁﬁgggﬁgf&#éﬁ

| eadi ng fromber@eenro teRONaks higgheramddpddsalseconmupdeathonski ngtvask

sai d one wav Shst thenhi : @adi Lt 4

of hi gher adgé ess,&a%ggsgl gg??éék';?mdggé%%@;%:i? glﬁ%%wwai\,/e eﬁg%\lhsgﬁﬂgﬁég\l
link [eadilfy #90¥e¥Ee SARNS PER t BRECPOFPINYHAATIQRr s8annelsy between

There may be t&ehusiers tdie siatl@ng@dnnalil¢abl ¥xak! @ﬁﬁtaﬂ%ﬁﬁ? s]fp!tlfet Berthe
conneot] on Pbl0 Bel (5" 3TEsER, PR Retd PRLARARL SlcllS TSt co
| ower wavel ersfdis off a plurality of outgoing links, the method comprising

the steps of dynamically allocating a first wavelength for

20 transmission from a source tesrminal to a destination terminal
for a first connection, and dynamically controlling
respective tunable wavelength filter means on links
associated with the PON or PONs having the source and
destination terminals, and with any intermediate PONs, to

25 block said-allocated wavelength such that the transmission is
confined to the transmission path between the source and
destination terminals, thereby enabling said allocated
wavelength to be used for a simultaneous connection over a
non-overlapping transmission path.

30 Preferably, there is included the step of dynamically
allocating, for said first connection, a second wavelength
for transmission from the destination terminal to the source
terminal, and dynamically controlling said respective tunable
wavelength filter means on links associated with the PON or

35 PONs having the source and destination terminals, and with
any intermediate PONs, to block said second allocated
wavelength such that the transmission from the destination

it



the pairs may be spaced apart by a predeterm ned difference, the upper
waveél engt hs bei ng spread apart by the same difference. 20

Preferably, each pair conprises adjacent wavel engths. Al the | ower
mavelengths of the pairs may be grouped in one group in wavel ength order,

t he upper wavel engths being grouped in an 5hjacent group. Enbodi nents of
conmuni cat i ons netmnrks I n accordance with the present invention wll now
be descri bed hepefg/e Ay

whi ch - our SoFiLEe] X EBRELINA Tb® LSl o7 pSCRHRReRR e
2is a schenaﬁPéreﬁagpénﬁéﬁtﬂﬁé£é6ﬁp6ﬁ§ﬁﬂnﬁdﬁts of a PON formng part of
the network of Fi gurﬂré:efwwe 8héeS ?@N%Cf'ﬂéit]lzpnﬁzﬁgéaﬁi@il? lﬂ'ﬁdlafdldQQsBart
of the network af 30 _Figure 1. Figure 4 is 3 %E n%t agran1ﬁ % %r
modi fi ed part O5FeFhe 2R& aBFR UGE A8 SﬁF@afent ¥6 °FP ?€g5°P§ ¥adg SﬁﬁF c ©
di agram of »nsagdbotiizsemt and amadnwﬁal&mczwéq Wanabbagnhsaaamwachluﬁmm
for use in a e 3N FiLg

di agram of a ESE?QBE an %rﬁ%ﬁﬁgﬁugé enéﬁgiﬁgﬁtl%?gfh PEF? f f§E§%%§§&
In Figure 1 abtepkiingcihronshest Wavrleogtth gécBpiédnadlerafedn¥yayedsagths

i nvention CO”Bﬁ'éﬁ&ntmthYleaaiRQSSbéﬁ Qp@bﬁakonﬁt Nk%f(RQE&br Euh:%@%
conveni ence onI -1 to 12-8 ar.e shown coyg to et Engﬁre

-formof a rlnﬁje ?cﬁ VP§YOP Hﬁﬂ YPﬁk§aiEZPq%)Yﬂv%
14-1 carril®s Segdahg from £X8 dé’sﬁ:.ﬁmtf@l HON 2,0 ia @ON s:famghbgohdgrlessk

wth respect L0aPOMiL8cIgely 3ADNNGOUI |0 v PAlded dycaLL 53

signals in thée op I's” an ou h™réspect to
PON 12- 2, andleedLBSpéndmnghg sourchePGNheo paPPN qfl-Pover lad@reswt work 10

constitutes a local @GLESS Ry ﬁnggll gonyygbcagfonaygghwgggly
equi val ent to that known as Iocal exchange ah%
allocating each further connect;on.havzng a transmission path

15 overlapping that qf the first connection a respective
different pair of transmission wavelengths. The lower
wavelehéths of the pairs may be spaced apart by a
predetermined difference, the upper wavelengths being spread

apart by the same difference.
20 Preferably, each pair comprises adjacent wavelengths.
All the lower wavelengths of the pairs may be grouped
in one group in wavelength order, the upper wavelengths being
grouped in an adjacent group. .
Embodiments of communications networks in accordaﬁce
25 with the present invention will now be deséribed by way of
example with reference to the drawings in which: -
Figure 1 is a schematic diagram of a communications
network; )
Figure 2 is a schematic diagram of the component parté
30 of a PON forming part of the network of Figure 1;
Figure 3 is a schematic diagram of a modified part of
the network of Figure 1I; ' N
Figure 4 is a schematic diagram of another modified
part of—the network of Figure 1;
35 Figure 5 is a schematic diagram of one embodiment of
an electronically tunable wavelength filter for use in a
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15- 'l ocal exchange lines, and in this context term nals 28 are constituted
by tel ephones and ot her such tel econmunications apparatus, and connections
between termnals are generally referred to as calls. Centrally disposed
w,thin.the ring of PONs is a wavel ength al Location database 16, and each
PON communi cates with the database 16 via an upstream20 link 18-1 to 18-8
and a downstreamlink 20-1 to 20-8, and a passive star coupler 22 (Figure

2). Wthin the head- f ga N, ORt L r I\ 24
conprising a 1 X 256 ?1'% er %% (é]\l ure ‘?:[rhecglg'\%gggmuggft?r\eéa og? 25%1
transnmi ssi onsaltwatimt%mb@mmt SOQS“h%nﬁP-Ja‘?PJém dag¥FRindmi tti ng means

30 25 conprising ath ¥»i2RkeSAl lat tehmdAichicdvhe Abti6edi 10 2A Qptbedhnce
signal to. the downstreamlinks to its term nals 28. The receiVi ngﬁmean

provi des an ottt t RECEBRA s (YRS Hk 56’“85315?8 {HE T RN SR ¢ §sﬁ1‘5§ns
30 whi ch lssedpid@sﬁlmcafks NRONS ¥,0Buth €t soheanikncke d8lgndighavpdns

outputs to ap orlat nkst t he neighho n he.
12 is nornal Ii;if I?%/ 12 ad&fe SSRWQSF)‘JP Bf 8 g{)é %égplgz%\}%? fé’l'?:f(n 81£ ghglg&]\l
i nputs and oumpm@aq)apé omi@aluhgnkﬁmuol Fouk4e-&., v@ﬂl%hls!hbv% ofiepair

conponent parf@-pfc@rfﬂ\gsyigabis %%m@@w 1 2LRe tRetpuy k1lea t16s.0Uf UL Of
coupler 26 feeds a 1 x ITtter 34 one output of ich s coupled to

an i nput of t?’rét%‘?’d?gédtﬁﬁé?’-t?z Iiﬁszi’eé‘:\/\/a\?el?&qgtlﬁ 11rl aaf BPeaBEBPEe}l§§ Bnd
link 20, aod dhepaiihers-autgqasriies @alqua&d i 8heayppesyts direetion, abser ber

38. Filter 38 js design pa elenth exgept
predet er m necf'%v%?eng\‘ﬁgoj[%? flﬁ%d f’F‘I er rgg %t gagnep?l{o pass’ on?y 5
the first pra@@ﬂ@%l%tﬁhe [arhgx pm50tjt4p1& tef ¥448.er 38 feeds

into an input of a Ye¥yhrkOUYR Horkti Oé’tP &aieﬁgéeEPedéerOff ér lax 2
splitter 42. One output of splitter 42 fee st e Lnput o litter 32

-and the ot herp%lpﬁjtcwwqaﬁ@nﬁzleﬁé’%pleéb‘lﬁ’élﬁﬁé tApthabf kao‘znxaa a
splitter 44 Migrad \ex6h&R§é hahidl tifs 0f 03RS0 hathGe Wi iched,S d881 AredehDs 10
pass Al Vave GRY (iiials® s 220 3 second prgdef of m rled_vavel ength,
[err].
such telecommunlcat:.ons apparatus, and connections between
terminals are generally referred to as calls.
Centrally disposed within the ring of PONs is a
20 wavelength allocation database 16, and each PON communicates
with the database 16 via an upstream link 18-1 to 18-8 and a
downstream link 20-1 to 20-8, and a passive star coupler 22
(Figure 2).
' Within the head-end of each PON 12 is an optical
25 receiving means 24 comprising a 1 x 256 coupler 26 (Figure 2)
receiving i upstream optical transmissions from all its
terminals 28, and an optical transmitting means 30 comprising
a 1l x 256 splitter 32 (Figure 2) feeding an optical signal to
the downstream links to its terminals 28. The receiving
30 means 24 provides an output to the downstream link 20 and to
the transmitting means 30 which itself receives an input from
the upstream link 18 and provides outputs to appropriate
links to the neighbouring PONSs.
The PON 12 is normally fully-loaded with 250 terminals
35 28, leaving six of the inputs and outputs spare.
Referring now to Figure 2, which shows the component
parts of a PON suitable for use in the network 10, the output
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Filters 36 and 38 are integral with the splitter 34, and filter 46 is
integral with the splitter 42, although for conveni ence they are shown as
seﬁarate in Figure 2. The head-end conponegts 26, 32, 34, 36, 38, 40, 42
and 46 are contained together in a unitary®construction 48. 15 - The
two outputs of splltter 44 feed respectlve el ectronically tunable

wavel ength fil b 5 52 dato fil i
bl ack, wavel eﬂg gé‘l %ri ggég‘ﬁt rgo of tﬁg§g§?§ agg féb %:ﬁépﬁ’it grg %6 and
52 feed respetsi v@omfhialtdl lBresinpuntanef 14BecxsEAdi ngoupleppod t wia a

directions to,adbfeaBtnPENErd2 B8 hBSokbBY: 38NdndNeiARr £OSPANA BHeOBEhe

fibres 14B and 14A fromthose 20 adjacent, PONs are_ coupl ed to I nput s _of
coupl er 40, WABERUF o0&t ICO¥RRRL | §0cAupfatri PR obt BT 0T RPIRERCE 0dft er

22 via linls 1B11E€2P seign%%ﬁlg?ﬁed:cwgdass@s ag.lt wa&bugntgtmsabclbb@gl 29fha¥ing
an operating range from 1500nmto_1530nm an l.ch I ntrol L abl e t
generate any BheesreoBh™ sé’PEF%eRﬂ\‘zér ernfgt hgn&h E&F (rl? ?ﬁﬁ'%’i‘eg to
circuitry (nopashoun.)yr'ehpoﬁsrs'e }pneQStermimdmwamllemgfah,r eblel ve status
packet fromthe dat J Qe dﬁﬁ@% a?éjrf’égd@tﬁ‘&?)rgﬂoin?hﬂn@f £01t§29

transmtter, a. narro recel ver or. conti nuo nonitorin

control chann‘élc‘]f‘é?fﬁrt”cp d{%’coé@c cuERUEHERSAS Eh?ula‘?l?‘b‘?ls"f &nd E‘elzrfp%btter
recei ve stigt us2.packers) owidsht bﬂnaé;ila.ﬂ'@ecﬁ ver ﬁfa?ecrs)n&:hel Iﬁbj:@tt@fr egReve

any one of t r nsm |on vee in_resp 0. .a co

T o the contsety SOSE] T2, 10 "o OHhdR  afvhl Dok Sxmtts G Vi b5 FadPhea
tunabl e receitertid3s 1npvable:ft@ ktanfspmbUerrMevi/edavmébagghhtfu.hherher
in a few nan c e Y d
and its func??%nglggarr%\gl cf%ep@ﬁf%lﬁel?un %\ggéwe?gég a@@%eséa{'é %{:ﬁ?
say A on PON qechptvmsﬁ@si 180SGGF?#EnP@&P@t\ﬁlrtﬂhnaﬁoi*ﬁe'ﬁlﬁegﬁhnallz-on the ring,

say A° on1BON 12-1, 7iih +3880362 s/ |385%rélpu{1%&&?a?l vﬁﬂ:@ trY@Vé?;BP.{‘\%é‘r[%r]
to the database.  16.. This request i s short ess O[ e sec. _and

conpri ses adf¥s<LFi@R4s & Wée§GGﬁcdl§hdt8§s§P?1’aFFBﬁ f'%r nﬂﬂ Quah nfor
correspondi ngdnvdrterddy theyt aaasBaimnagayebargtss it Pegused2by thige

termnal's, . .d-end components 26, 32, 34, 36, 38, 40, 42 and 46 are
contained together in a unitary construction 48.

20 The two outputs of splitter 44 feed respective
electronically tunable wavelength filters or absorbers 50 and
52 designed to filter out, i.e. block, wavelengths under the
control of the database 16. The filters 50 and 52 feed
respective optical fibres 14A and 14B extending in opposite

25 direct:zons to adjacent PONs 12 on the ring, and the
corresponding optical fibres 14B and 14A from those adjacent
PONs are coupled to rnputs of coupler 40, whose fourth input
is coupled to an output of the star coupler 22 wvia link 18.

Each terminal 28 comprises a tunable transmitter 29 _

30 having an operating range from 1500nm to 1530nm and which is
controllable to generate any one of 200 discrete wavelengths
in that range, control circuitry (not shown) responsive to
information in a receive status packet from the database to
provide the appropriate control signal to the transmitter, a

35 narrow band receiver 31 for continuously monitoring the
control channel (A, to detect contention situations, and A, to
receive status packets), and a tunable receiver 33
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which latter fields are initially enpty. The call set-up request travels
via coupler 26, splitter 34, and filter 36 to 10 star coupler 22, and
thence to database 1 6 and all other term nals. Each term nal operates a
content.i on protocol so that if another term nal w shes to send a call set-
up ‘request to the database, it will wai t “urft il conpl etion of the current
call” set-up request. However, if that other term nal has already sent its

own call set-u the termnals and t he database n .t hat_ two
(or nore) reqﬁ§§%§ggﬁggie % esé?cﬁhYﬁtl St Witk ?gthgggangﬁgﬁgﬁléﬁ$°&
dat abase wi | | wagebesgther iappesgonsquests, centirohesiignadi rfram Whe aqongal
their requestg; g&&FErgespectlve random del ays in accordance wth the
contention protoco s is known in the art. Upon receipt, of a request, the
dat abase 16 will al ITRa@® aaéi-@ﬁ-'”éf“ﬁ&veP@H@FhE‘enFer‘t’l}e’é‘h’eF‘[ &rhe | 56 an

entry that o hgggeyauel 8901 Bs abaéetbeeﬁeao fréh' %@t Q@cbeﬁreaomwal@aig&n to
bet ween the two term nal s. e sane mléﬂé Ien ths be used.for

further caIIsaB?BQ?ﬂelehaT t &ﬁ? SaFroxand,
that there |sreoebverlappnagquﬁnem1aﬁBmatEﬂfﬂmmtndnmenpbovhﬂed blye the

Identities of a the fields of the call set-up request and
transmt the téﬁé%i%dgggéﬁgé% ?g the star coupler 22 at 25 wavelength 2.

Thus source term naIWl’)@fw |3 Eesmitrdr i fays o eRakO¥ t XA-Y.er Wishegndto
desti nati am t@éﬁaﬂﬁicfte%ifhkm\tﬁé”@t tdimiSal Cod S Bilnght oy A onT|P©N

dat ab 16 f ot t f II I
than the pai rifobd FErotRES corethl SHHMSR AFTRAPREKRR SraYErStath by tondsons
of the netmor&atahmsefbﬁ a mhbgoseQueatllbeshaeh,P[hb& ﬁhan[hkSloﬂheec,
dat ab 30 v t

atapase say fé&?ﬁf ¥‘@§ %&5:%9& ﬁb@l&ér§5rp@¥1&, QBukEglnéﬁhS&bQ?m tion

wavel engt hs,
any of the |ommzemlm quo corgeepenéipendinvidso PoKs t_mq otsaaﬁalpéllp]n

| there i1g %&ém; L1, £d NG dafpase t‘Me' lte%'rrJleé@r.Tse WhalnPaiaktetell bast he
flag in location 3.1 and in |ocation L4-3 any of the |ocations

L3.1 to L3.3 ?ER!%E#E%&%&XI%P%EX flag, the database woul d have proceeded to
performthe sane chawe fealthesaexuppatéquedtel S&:aﬁfbld nile gonplelr case,

where a call sps.l.::Pte't.l'.en..xg 3846\t U,Pd btej:[lvﬁern 3'[66\r1:rc731 ré%lar coupler 22, and thence to
database 16 and all other terminals. Each terminal operates

20 a contention protocol so that if another terminal wishes to
send a call set-up request to the database; it will wait
until completion of the current call set-up —;request.
However, if that other terminal has already sent its own call
set-up request, the terminals and the database can detect

25 that two (or more) requests are present on the network at the
same time. The database will ignore overlapping requests,
and the terminals will repeat their requests after respective
random delays in accordance with the contention protocol, as
is known in the art.

30 Upon receipt of a request, the database 16 will
allocate a pair of wavelengths, A, and 4,, making an entry
that these wavelengths have been allocated for communication
between the two terminals. The same pair of wavelengths can
be used for further calls provided that their transmission

35 paths are kept separate so that there is no overlapping
portion.
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PONs a-and b, a being |lower in nunerical value than b, the database wll
determne 5 the shortest route between PON a to PON b so as to maxi m se
re-use.of [err] and [err] for other potential - calls on the network. For a
smal | network of PONs in a ring with na agdi-ti onal |inks between

non- adj acent PONs, this will be a sinple matter of conparing the val ues of
(b-a) and (a+N-b), where Nis the nunber of PONs in the ring, to determ ne
whet her the shorterTnbatdauaeoasa 1BONial+ehtetctheridentPled of 1A,1@ndetd;.

For exanpl e, vh?uﬁﬁ' ' fggg ﬁ@ﬁe 3.a0d gﬁtt nﬁoragagsxsa'awa vaA%e ©: £Rgd

t he second hér ef or'e, rout via,PONs 1
and 2, treatmu@lmﬁlraguﬁaﬂ (t® +thy  SYAENCRUBAPKE 22 A% a‘ﬁFY%hBE?t’c‘héz

dat abase Wi | by §ets siifediS il ar wey@rynaﬂwdtr Q%ghsvbhd: (ﬂ}:érbﬁnﬂptd‘& 5_

signals pass. Thus for a call between P%S g g OF\IS

those PONS vRRf deffelaeloniepming: Ao ]15"}9%\1'7 f H:lel’é 805{:?5?1

[err] and [eaf]),jor any further call involving any of those PONs. |If there

is an addition Iin et 3.and 8 t I S I have
.their flags set. Km’f% d\(%reﬁ%aﬁoﬁésgﬁe/pfo eoﬁé%utgg%f ?u&@?n@cﬁga%a%r of

wavel engt hs, ablltwavéleiegthsad ottheer ah@antbe pes:petﬁe&éq;’sehﬁl agsteol ?e@r] .

and [err]. 20 i Ee{;s, ! %e' gﬁ' lo% t'hee pd%t\@ee&ﬂ%éemmal STRGs
network 10, wavel en tﬁs I n Onmto 1530nm are used

a
spaci ng d0 0fQBnA PFOP I"e’-h‘dt h%e‘éf%e’hv%‘w abl 8P&hFON ave %uﬁ%‘&a?ﬁse

pairs, say [@{1l.[eédx[eidttert I Jfor uahéo fiorgd [ . o ttpansksssdon
protocol I's used, whic

rovi des t hat | ower, _of ™ an al,l gcat e ' f
wavel engt hs, V\FY?lﬁﬁg}"gﬁﬁsﬁFﬁz %Jﬁ ?’H&rﬁ h§ FnsFﬁe5HFFlec'%§'o %rot%%l%hg
| ower™ net V\orknaainlye:sﬁ ther o titonst g , t_ﬂ:gh":e,r:i reeirmesip onddngs $ot 80MEnal toi n
number or dery g8 gl ockuiserhoom BON 12 Lubg AllGL 2tRe AntdafEd Nufigure

1, but not from ¥2-17%o corres ondlngly I n_the opposite
di recti ol ¥ oplineate héhaﬁ/apéi’-é’ngﬁﬁ"'—'é*’lﬁh'éhﬁaﬂag ThRslpPerthoralby.1 bRRAetR a
term nal on f@gggog ﬁO toatermnal on PO\I128 t he dat abase wil|

aIIocatetheIower o.the term on _PON 1 _2-8., The rotoc
thus determines thak anfy ﬂ %\eslﬁ’iaﬁéﬂ e mr?"e‘?nllass Paf EPnBﬁf'nFﬁ
wavel engt hs Eeag], therdathbask ebaldahadval prdécéeded 66 penfq:nemn‘ahensaye

filter out thﬁeck for the next pair, and so on.
20 In the general case, where a call 1is being set up
between terminals on PONs a and b, a being lowef-in numerical
value than b, the database will determine the shortest route
between PON a to PON b so Eé-to'gaximise re-use of A; and A,
for ‘other potential calls on the network. For a small
25 network of PONs in a ring with no additional links between
non-adjacent PONs, this will be a simple matter of comparing
t@e values of (b-a) and (a+N-b), where N ie the number of
EONs in the ring, to determine whether the shorter path is
via PON a+1 etc, or via PON b+l etc. For example, a call

30 between PONs 3 agd_ﬁ, the first wvalue will be 5, and the
second value will be 3. Therefore, the shorter route will be
via PONs 1 and 2, treating PON 1 as PON (8+1).

" When a call is established, the database will set the

use flag for every PON through which the optical signals
35 pass. Thus for a call between PONs 3 and 8 via PONs 1 and 2,
all those PONs will have their flags set so as to prevent the

allocation of A, and A, for any further call involving any of
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10 wavel engths [err], [err], [err] etc. Thus when a termnal transmts onto
the ring, the optical signals can proceed only in one direction, that -
di.rection dependi ng on which wavel ength of the pair is being used. The

dat abase,- which constitutes a connection ffntrol nmeans of the 5 present -
invention, will send a controlling signal*to the relevant filter 50 or 52
at the PON having the destination termnal to filter out the transmtted

vavel ength apdobRusoken’i o theryayel Soaidnia dd'dl i Batwkes 80mpa5Nana

bet ween t he conmuni ca ng er e comuni cating termnal's are on
the same PON8athgreondy hasg %WQOP%Nﬂ will fhavethed ryflagg: spen | Lt is

control |l ed t@nﬁ.?' tReceskakgr r{oanthdd | totfe Sdsks £0ugr @ded the f phier ﬁﬁt
[err], thus con n|n t hose mave%eﬁ % %Ha PON. Ln this enbodi ne a
pai r conprlsggvﬁ BGH Bﬁfl%@' §%h§e ¢ FR8TSr 58B &° ﬂﬁ?gﬁﬁ&ﬁé%gPﬁg so
that filtessfhlgar €orurgbdmdth,.filter selectively the wavel engths [err],

[err] etc, and cor épqggkﬂg;y £9f1 |Iter§ 5%65WEQHS.§%;an%hi%§ls on

sel ect abl e mavelen iltered are space

al ternative BRBUQF-‘#eﬁtO wvave lengths dgy the rwntrslqmel%@réttml b5 3Rmm| 2RQt hs
to be spacedyByg0. 15ng i hay PlsaRE g 'éfm@'IS:ﬁﬁj sm tbabeuaatgeag ohrthe
wavel engt hs for Eall se g belng gerré err] qh i aﬁglrs bein
[err] and [eFVfl apte ¥ icBpresHr BB=pat B XerPP Hfd
tﬂgtca!:tg?lg : C[ﬁrr] and [err]eI [err] and 20 [Err] gtc TEIS zeans
permanently to fllt%r£5§ ﬁe?g? ﬁ p?é%P%SE 3 fﬁkﬁéﬁhgfﬁldééégﬂ%%%lﬁg
control | ed ttheelkeweferaf Bn [2li¢careldi vadesi ghedvaralenatihy ywidlf | beer

out[err] to [:E‘-Eh];m@étha' irB”ﬁﬁaS th%%iﬁgsi‘yx the&i‘}é‘@{i% P%fnl@hé lower

communi cates with a term nal on he termnal wth [ ower
net wor k addr BEEWRFK| %‘ﬁ@ﬁ?%ﬁatt?ﬁm#fb?sl tGOZStPFar@fﬁbfe%nn@ﬁt‘foF-‘éfv\eFdeFeﬁﬁe

two al | oced edeviRYabhe&Notihs rhaiber Etﬁﬂiefzf;CQl ME ldderifdiegfom [FON | 129D to

correspondin r .t he_other he d tab s can fectiv

provi de the ghénﬁgt?esansFRE ﬁ ?Eﬁ?n1$sp3 ﬂﬁtﬁ§& ?5 Eﬂ gt PHe

I dentity of saysonanﬂaverengpbpdsaglyemn];heogppheitaﬁdhrautlodlfarlbheof
whet her the e h engt h
(a Nor mal f|§8W§£ %%H§i H 6F1§§£ %e ca |nvo vés%ﬁayﬁﬁﬁﬁyggémgen
PON 12-1 andtpmumzlsop. iBel h?‘grﬁes'fie#i%#ﬁ?éfé’dl PON) 12rBe "hhgheatabaressed

termnal g | {illagEIbéa®d e 1 Sy w\ét%akaei@%htétm N@ﬂﬁlnafll ¥4 POl set) .
| n anot her enbodlnent filters 50 and

The protocol thus determines that all filters 52 can
permanently filter out the wavelengths A, A; A;-etc, and all
filters 50 can permanently filter out the wavelengths 4, A

25 Aa etc. Thus when a terminal transmits onto the ring, the
optical signals can proceed only in one direction, that
direction depending on which wavelength of the pair is being
used.

The database, which constitutes a connecfion control

30 means of the present invention, will send a controlling
signal to the relevant filter 50 or 52 at the PON having the
destination terminal to filter out the transmitted wavelength
and thus confine the wavelength to that transmission path
between the communicating terminals.

35 . Where communicating terminals are on the same PON, as
are terminals A and A’, filter 50 at that PON is controlled
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11 52 filter out [err] and [err], respectively, ‘either permanently or under
control of the database, and filter 46 is omtted. In Figure 1, by
appropriate control of the filters 50 and 52 of the relevant termnals, .

i ndependent calls exist at [err] and [ern], for pairs of termnals BB, CC
and 5 DD . However, for the call betmeen tern1na| E on PON 12-2 and
ternlnal E on PON 1 2-1 the database will have allocated a different pair

of wavel engt&g f[ia_rtrér @m herarla Haedhe xakl cHELweeed ctdi Fidl tdr WutPAy 12- 2
and term nal

]
S b RIS T KT e A R

permanently filtergnouthier rgmbddilnesrt,52aof p@ON_T2udrisesanaet ghbagringt ers

out [err], and fgérége%usf f)f %%#ﬁxlnz dfs zwwagle%%% ttﬂsf ' EBe{:hQUt fleféi:s (it

per manent | y 131 %% s confines t
sel ect ed lSra&ﬁsnasm‘gwnphlﬁ bet fddkerhs edl@arivaly ithe t}tﬁ"fﬁg-%’!ﬂéﬂlﬁpt hicaltts

l'inks bet we?g@dJ @.ﬁantcg@@spéﬁd%%iy b&oappfﬁptaied s2hat  amug twjacmbl e
filters need to be control

S e for each re n of
transm ssi orf FLERRLL s‘f%‘f)elt%g%/lr‘san*s‘?n g"a)s %’ﬁ% ER ks dag@f (g 00
t he destination PO¥n &er allltermalth.vbebmbeﬂlmm wherP bacmmgySPamhts

termnal D a fc%uetléerzctgﬁl l«Xv‘éhEéS&h?o % %;aésé?'eﬁbgf"“ Yphed the'

dat abase 16 err] -and°preven h from feac |ng
PON 12- 610armlr@h¢tyolf et modaZi@rd porhlphati sngeerad 9f ddephyaved engthpateric

o, filter ouaierideand poewsny, thad 15V el @nEL I TR0 seaedi 10 BN~ 1

Al filters per manehnt ter out Jerr] and filters germanfftly
filter out [®%%¢].the qaek esﬁ%“bplm’g’é GORBR S @F erréF‘ﬁ Aihet RBENERE G

terml nal fhorpiﬁé lre ndnaexm,na:l s?ﬁa FON 1@ amhial meawnsi kabkefilter
wavel engths are jin use, tef m nal s, on 2 cannat a

but tern nal or?'ﬁDOQémf’f°H' (51 1595 £&hesE %nﬁﬁnlﬁaﬁea@g& %n aé Jr?rgﬁ{aves
because M@vepengifisnthy beo r efikteovesutnont,,| apm ng,pat hendWiéidtsuchsa

situation is ig?%éé{é%&%@@ addi tJ oAl Fﬂ%d 195 %E,PE@@ QL i %o opnecied ig

bet ween PONs® shown i n in whi ¢® split®er 44 7s

repl aced by designed sspﬁ:mqre?ntl-‘a( Tem(flclcﬁﬁ:# é‘-ﬁn‘4 21 €O rlapy- ac@d 5915 pezns,
coupl er 41, éﬁ@ﬁe%@ytat%xﬂén%fl BENPAR- 121 5wt dBeARridH aC8brhiha® to

coupler 41 Of Fl)?ON 12-2, the terminal with the lower network address will

20 know that it has to transmit on the lower of the two

allocated wavelengths A, and receive on the higher, Aoy 2and

| correspondingly for the other terminal. The database can

_ effectively provide the identities -of t’he-two transmission

wavelengths by giving the identity of say one wavelength, say

25 '."x' together with an indica._t_:ion of whether the lower addressed

terminal will transmit on the lower wavelength_ (a Normal flag

set, say) or, where the call involves the link between PON

12-1 and PON 12-8 (i.e. the highest numbered PON), the higher

addressed terminal will transmit on the lower wavelength (the

30 Normal- flag not set). In another embodiment, filters 50 and

52 filter out }.1 and lm, respectively, either permanently or

under control of the database, and filter 46 is omitted.

In Figure 1, by appropriate control of the filters S0

and 52 of the relevant'terrrilnals, independent call.s exist at

_ 35 A, and A, for pairs of terminals BB',~—CC’, and DD'. However,

for the call between terminal E on PON 12-2 and terminal E’

on PON 12-1 the database will have allocated a different pair
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30 12-3 via a filter 62, and splitter 45 of PON 12-3 is simlarly coupled
to coupler 41 of PON 12-1 via a filter 63. If a terminal on PON 12-1 is
communi cating at [err] via fibres 61 with a termnal transmtting at [err]
on PON.,1 2-3, then in this case filters_5 301 PONs 1 2-1 12 and 12-3 are
controlled to filter out [err], filters 52 of PONs 12-1 and 1 2-3 are
controlled to filter out [err]. Filter 63 of PON 1 2-3 filters out [err]

(and all Wgrf vavehengihs of agearp tophe HREd0I KWrFaKM Gadinde tmasD
PONs 12-1 an

2 3). and fil fer of PON _12- fllter out_Jerr]
cor r espondi n§©H I* uﬁpérn h§) o \ﬁ‘?«-ﬁ‘lre1 &mnfr’rrl%ﬁr J’r?[ \ﬂga Erél@ %s %1
s in the raage cfi¥rublied Ji:d33ﬂnnte:t eom:na s(bh Pehkmadeftign fddrmansi catte
bet ween t hengel veg, S l_gn a LSSLO | d
ber i tred 1o shsrbiroh bt 2015 125d BatheransLy Qﬁf‘sééép?r*‘éﬁ*m %%&sae
2-1 and 1 2- 82 AL A0¥tlidra penmanendilive i et mMitatison apét dditepOnid
and 12-3 is %@N 'I\zaz ngar@éﬁu%mmv Y £0BEEM bqt15ﬁ5nthq;eﬁxmrm1

arr angenent ap ciated . that an, additi onal ter
ST DT LT A BRI RN ACE R vsg}
wavel engt hs, sen@c&mdachhetnsmids:.fad tmrSmetwéebethesmemﬁ.aalw tﬂndl:ddia'rgs 52

of PONs 12-1,.qnd éﬁt?fzgg f{]hgsL %’%t‘%&p’bo%r aclye! epgkhs will be

Consi deri ng now a Size'ring o one overcom ng the

t r ansni ssi®napprecipitedghthat PERLYwotive b’éutl@blfl%lveglﬂdp‘ﬁ%ﬁal ngRf i fier e

spaced arou“@oh'%%oﬁ.'l'éﬁ aiai/ f ohe e’ﬁ%”ﬂ?&&sé he drﬂe”k%i?eté\&@l@ %i\ﬁe&:ﬁm bf 7,
and 8, 11 and 12, 7, 21 and 22, 76 and 27, %geg The. number of
0

optical anpli tFlaésg‘lﬁéd[GF‘r %0 arfunlot EEPP nFiss HEBEﬁﬂé FHFRat h
of each anpl phseindntelond ehe teseiphtibe BONS. The greater the optlcal

Power gain anpl | (1 oFSEc e AP atir SFbURTERHESH! . th EPFor hATP v ne
enbodi ments, taddinadnadd’ op1n| CRON | LAk8, S53mdre pibuadecﬁﬂoeoﬁeeITOMOMa&j deent
PONs. \Were gg E’x%.‘o&i"eﬁ‘ ééxf%{sédﬁgt £8”%L1'tb9ko%er). 2%:1 {&Jénﬂ“ave
conponents as shown in gure 3 61 elnq equr val ent t%o a
that wavelength from reaching PON 12-6, and only filter 52 of
PON 12-2 is controlled by the database 16 to filter out 4, and
prevent that wavelength from reaching PON 12-1.- All filters
20 50 permanently filter out A, and all filtexrs 52 permanently
filter out A, ) -
'If there is a large amount of traffic bétwé;n, say,
terminals on PON 12-1 and terminals on PON 12-3 and all
available wavelengths are in use, the terminals on PON 12-2
25 cannot make any calls, but terminals on PONs 12-4 to-12-8 can
communicate between themselves because wavelengths can  be -
reused over non-lapping paths. Where such a situation is
identified an additional pair of fibres 61 is connected
between PONs 12-1 and 12-3 as shown in Figure 3 in which
30 splitter 44 is replaced by a 1 x 3 splitter 45, and coupler
40 is replaced by a 1 x 5 coupler 41, then splitter 45 of PON
12-1 is coupled by an optical fibre to coupler 41 of PON 12-3
via a filter 62, and splitter 45 of PON 12-3 is similarly
coupled to coupler 41 of PON 12-1 via a filter 63.
35 If a terminal on PON 12-1 is.communicating at A, via
fibres 61 with a terminal transmitting at i; on PON 12-3, then

in this case filters 50 of PONs 12-1 and 12-3 are controlled
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and where it termnates two additional links it will have the conponents as
shown in Figure 4 which differ fromthe Figure 3 arrangenent in that
coupler 41 has been replaced by a 1 x 5 coupler 54, splitter 45 has been
replaced by a 1 x 4 splitter 56, |ink 28A4l feeds the signal from one of
the outputs of splitter 56 via a tunable 30 filter 50 to the coupler 54 of

a non-adjacent PONy, link 588-1 receives the signal froma tunable filter
52'I of PON ytoarf?.,lt@ﬂréﬁﬁoml n@iy.,telﬁsnk558/b«fz msfl ea-uheaﬁdgnal 3 rage
splitter 56 via PON_z nd 1] t I gn

13 filter 50°°%Fr?iifé ? ébgﬁfﬁrogﬁ il¥n s fﬁgﬁ%l?ff?l e?ée% and

50' are | dendutalh, haddalalllf illowers W@lrﬁhms a:vfe }P@am i tal bel magd cfanti ve
embodi ment s, @ﬁié&@{ 59et@9g 530Né”%2"-€ip|a%ﬁe<izb>é)f 'a':{derﬁl{bimé@hofaCh

wavel engt h i ¢ ectlve bsor or passed Instead of , as in fllters 5 50
and 52, orfe B@¥el bagth %%l%%ﬁﬁ ﬁﬁ% Hai nd 286 nAAERESHORBLRT hedl 1 ReFBPEF ng

now to Fi gur@a“éewﬁieﬂs ;howrzaﬂeebeﬁ!nﬁam;a%hbn waal@har%vemerigi hidither 50

fabricat ed e oL N h t | fib
(from opt 1t £7nda) L SpPR e o085 coefataahe & Adf 82:2 e8R, FhRrnat fofr o
a Fabry Per obetiweeselhanhsehves sperthe samelnpuelemm%nlgmhstsunﬁmihaiono

each wavel en‘tgélg %gﬁ#ﬁ? SR e £ &I s %?ﬁ%[ o86paly 22: ﬁeéﬂaqmsrﬁagée

E]sposed in e energ;nt vavel en are respective novab
mrrors GglIW%EhGBe%PPEhP9 2BUFORR| Wy S HaRh) V%ere N nay be 200. Each of
the mirrors 68 i s M matiaielBEN thiki BiretabbAmiAStatOOni Betthesh PONs

fl i I h d h |
Coupl od 15 tbeTRe=it Jor RoTbpthl S rParalt it Ba el ckaiPg o i a5RERRT | on
in which it Fetl entch i'es ianmatngmaitength wikly beomppeecidted| dbat 78n
Each m rror Q&&z@ﬁoﬂéfoﬁkiEég %%t H r %@£8919fé&e§1EﬂeffﬂHé¥ éQtSfthe

first position Th respolSe t fepresentative
| ogi ¢ ond ScoP@Ns | b~ @Ch?d éﬁd3|h@or¥h§88eguhdtb©leW%n vayelbengthe, zapd

condi tion (%ﬁ)aa@@uonal flmfr @3t phagepd Cadil it en WAk H it @e$s582288 52

by sending | ogic signals the respective actuators 72 to control whi ch
wavel engt hs B Esab§b¥béﬁdahﬁ InFefikeehoput the upper wavelengths

Conszderlng now a full-stize ring of 31 PONs, one way

of overcoming the transmission loss through the PONs would be

20 to have optical amplifiers spaced around the ring at, for

example, the links between PONs 3 and 4, 7, and -8, 11 and 12,
16 and 17, 21 and 22, 26 and 27, 30 and 31.

The number of opticEl-amp}ifiers-required around the
ring is dependent upon the gain of each amplifier and the
25 loss through the PONs. The greater the optical gain, the

more PONs between amplifiers. If desired, a larger number of
lower gain amplifiers can be arranged around the ring.

In alternative embodiments, additional optical links

58 are provided between non-adjacent PONs. Where a PON

30 terminates a single additional 1link then it will have

components as shown in Figure 3, link 61 being equivalent to

a link 58, and where it terminates two additional links it

will have the components as shown in Figure 4 which differ

from the Figure 3 arrangement in that coupler 41 has been

35 replaced by a 1 x 5 coupler 54, splitter 45 has been replaced

by a 1 x 4 splitter 56, link 58A-1 feeds the signal from one

of the outputs of splitter 56 via a tunable filter 50’ to the
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The filter proper may conprise a nunber of sections (not shown) each
arranged to handl e a respective group of the wavel engths used in the
network, and 25 in this case the sections will be coupled to the fibres 64
and 14A by respective splitters (not shown) and couplers (not shown). In
the filter of Figure 5 all the mrrors ark3tunable. In a variant for use
with a network in which one wavel ength of each pair I s permanentl|y

absorbed, there is no need to provide any mrrors rt e filtered
wavel engt hs beunkss BHepIican 9e-3diaseathEPN ﬁ'aﬂ'}"‘gﬁ stagoi regstyes |she
Figure 6, whiggnalloWwsExpie canpenpablel afiltder naei veoffabrRQit i pn ofarldae

filter 50 usi n?ﬁ'g”%ﬁ ﬁf-nggYOph 8 shhe, fLOLE 84 é%efﬁ?‘% d fpdn? sp19RA €T,

not shown) t8° a sSi |con device re 14A I's coypl ed
(via a 14560ouprefilher SROWEP PON: e GRSpddnds 5t8r$er2dé\ﬁeéé Fhe 1@5&?37

porti on ofs dpypeel§+CaMBo SeE FoNCLET Qolipllierdls adeviree slenasR twork,

refractive index varies th an_appli ed, electrlcal InP ope

optical trandhisiidhegat A0eandt §°'1Pr%ﬁ?t’n%e?’f'r"p‘iﬁ 10f 'bée%rl?'e ﬁ?“&qz f?x}%n

el ectro-opti ggt dewi gaeﬁelchm t he out put of device 5 74. Device 76 responds

to an actuating electri si gnal fromdata se t S u f
P cafLe=Rabt e, EPETET RS RS f Sl RgE 00 ¥BTE

refractive i ndex a o’fol'Tow respective curve
pat hs f rom t aeei npepletedevbye E6lterst s imut pipichegiegsh omay’eéﬁ@%é‘velléngt h

Passi 9 o Sh1dEL 681 70anaBUnRH! o8l pSKLRC1 Aol b2, bk cbhEm kRSl S s
are abso 8 IS case the actuating 1rg"l£| W | |

anal ogue i n hadurézao enre opfradenash hetdi gRERI E%h‘c'rche uﬂeéﬂ‘afn&ntg'ﬁe
enbodi nent ofpELgHe8. 5. It will be understood that the hore additional

[ nke vhi ch' by- pascReE PS8k, BRI rEREER cden 1 FRTERN) SHIR gr &R or
the |ikelihogteotrbhcealbei agnablevwm@aghhbﬂm %0 sfcahm@aami asing
onthe. U PoL! (RS astAeEs FRe BT | *Be RoomEgs pIARMY SPLOEPRACE
a PON. Wher e(fieomospliGtes dﬁ)acnmS-@aiétquumlfe% mtﬁoﬁamuéé?hﬁﬁﬁ?‘éﬁt i86ns
net wor k, theF}fn‘Mtlhl e dil NS L7 @ELRGH W1 QadPi ddie WeKén haesgeebesalkhe
level, say t::.npu'l: wavelengths such that each wavelength emerges from the

demultiplexer 66 at a respective angle. Disposed in the path

20 of the emergent wavelengths are respective movable mirrors

68-1 to 68-N (only four being shown), where N may be 200.

Each of the mirrors 68 is movable between a first
stable position in which it reflects its input wavelength
towards a multiplexer 70, which is optically coupled to the

25 outgoing optical fibre 14A, and a second stable position in
which it reflects its input wavelength away from the
multiplexer 70.. Each mirror has an associated actuator 72
which drives the mirror into the first position in response
to an electrical signal representative of a 1logic one

30 condition (On), and into the second position for a logic zero
condition (Off).

The database 16 controls the filters 50 and 52 by
sending logic signals to the respective actuators 72 to
control which wavelengths are absorbed and which are not.

35 The filter proper may comprise a number of sections
(not shown) each arranged to handle a respective group of the
wavelengths used in the network, and in this case the
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core network of the national network, and optical comrunication on such
links will 20 be in the wi ndow 1530nmto 1565nm and enpl oy erbi um doped
fibre anplifiers (EDFAs) to conpensate for |oss of signal strength over the
long run from the network 10 to its nearest core network sw tchi ng node.
In"such a case, any conmmunication over |9 r& 61 should not be in the EDFA
wi ndow to keep this free for calls via the core network. 25 I n

greater detail, a call set-up reguest, _also calle cont ket,,

conpri ses fofeFFiPRE, ‘TWf&FsthBﬂ}ﬁﬁnst‘? her ede%fSF %i‘g e%g gf“t h&Y
destination tﬁé@é\ﬁiz'@é gpliettebs b{hey , shdam}seatmdcmmpllerms(ndm shaowimd dt h
requested by the source,.te r r t rd
contains the identi 'ltiy ?:h(?dr%egn‘slg?k: %’9 eg‘gf)%r%e erm nglll'&@ot‘}E gl‘e %gﬁgiﬁ'b

and the fourtIn corvaxrianerfor Gs)ema’chlhgnetwoekreetﬁ'fbhchn@@?nH?VBhGEEG t he
time that ghe,# SguER! pias $@tpd AhdiAS)y 4dbssrHad? EﬁéBé”h%S'rRﬁ Réé& b

about 2M bit/s t be transmtted and recei Ved at the database in

| ess than 10R¥9Yide anysmirrpkes FRFaFlss e ot treed %%l‘f?l%'éqtliﬁ) pegauee
which i's not +fuy lﬁ&x@%@kbé@fb@d@f@&y Isﬁﬁémemr{émm anot her request,

It transmts a noditied uest als a_status npLLSi

four fields, the fi & g&rﬁ%ﬁenl nsg t 1 lc ress O (1 des?m%&?elrgﬁ té#m %gl

t he second caittaxmaig thefabidiestioh brfe her EdlsereSR mding hbntegrated

contai ni ngq ec{ﬁ dég]e%é‘gfﬂ?réoétf oG | Qb IE S (%L 4 0K, s%‘i@téé&e fRYE t Bhown)
h en 0 t

cont ai ni ng 't ititles t he respective wavel engt 0 be_used for the

i nformati on thankker ipRase qf ™) Slhhﬁ°{1héet"|1ﬁ§ t"rf‘ata’ﬁ‘?]etg?alf&?rﬁa $Bs
sent . Idf for owml | dPagoha faﬁrceﬁﬁl’@f,e o dﬂS&h wipt £en ttlfﬁ’ nbatbuts of rehdy
engaged in a_ca anoj her n e n

destination t rﬁcr?al 17?’5 1 §SC Ffee Qa°r%c Igpg% AT e%\gs?to 5?‘%srséc;%ndésma
st at us packetelsctimdptiiddl tdeviaed7és wvhoket refregkivet Endenavarhes el thr st

freld. ThesSalf Cod@iildal eYbbtel FEPINESENLRAL 11 arPWE AR | Sopey oL h

the source a natlon and that the dat abas€ canno end a
status packettme@smiésden Dah skictpnfrer e tipput ofedepiep 34, through

sophi sti cat ednealdil it E-QsPehEL (dvd &t 18, peekehecwlcgul@e cfededitd PUSY
15 destination termnal o generate, for exarple,;a call yaiting signal.
database 16 to alter its value of refractive index and cause
20 the wavelengths to follow respective curved paths from the
input of dewice 76 to its output region, only one wavelength
passing out of device 76, and out of device 74, while all
other wavelengths are absorbed by device 76. In this case
the actuating signal will be analogue in nature as opposed to
25 the digital control required for the embodiment of Figure 5.
It will be understood that the more additional links
that a network has, ranging from links which by-pass one PON
uﬁ'to links which by-pass many PONs (say, thirteen or even
fifteen), the greater the likelihood of there béing_a low-hop
30 path between a source and a destination PON. On the other
hand, as the number of outputs increases on the output
splitter (45, 56) there will be increased signal loss through
a PON. '
Where network 10 is an access network of a national
35 communications network, there will be links from network 10
to the next hierarchical level, say the core network of the

national network, and optical communication on such links
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When the I TP has finished the source termnal will send a call shut-down
reguest or packet to the database which responds by altering the entries in
itsrecords to the effect that the termnals are now free and not busy,
that the two allocated wavel engths are avavlable for use over any path not
al'ready in use at 20 those wavel engths, and that all the tunable

wavel ength filters which had been under the control of the database to
filter out owdldr he hin Ghebotindsw t he3dameteondgtifPmmprand ceppl pYj (RHbium

fini Sheg‘ cang Bg&lalben%}urQh#,wfieraa&%dﬁmeft@vegapfehbatef f&ﬂglbﬁd- dhe
pairs of optic i nks net wor k oL e nmononode re.

Wi t hout EDFASJ-SBa?-oFtEeGgFF‘ PVEmM ﬁg?mb‘?ﬂglﬁuvi gr?'ﬁe&t%rréeq:ry? ]kd ¥ 4
wavel engt hs Welah:eb‘t CH&‘:‘eerhd\tvtcm-m §daec&]?ﬂgmnbdew ofirl H8Mnat cages6RNY

but local calls, i t hose_ not he.c twpor. ths
outside this P@B‘Pﬂﬁcaéﬁgf’oﬁgF§ ?’r‘hﬂ é,’ %h{:u%%l égagr% \g?léglceatﬁ?%am C 2.048
Moi t/ s channebskeepwahékerdgeles fbessaﬂ.hat vias3bencoasdnetwArkl s at about 10M
bit/s at wavel engt hfnS rgé@@%eéeggﬁn 135655!@] % _t‘_{Be Isggﬁ,\é%tdegg_rgg)%lled

enmbodi nents, filters 50 and 52 on an t1c | nk "bet ween acy acent PQNs
have been di 8peoBgral Pﬁékteftanﬂ?F“PFéPeéné%‘F’ fhelggei the firgg qonLayns

desired, theihéoald‘énlﬂt@* S@ms%t) i teecavstinationh tbeminaksporomeate any

t th | | nst
connect echq h (36 PRs s P Mand Fonealas Rheppadtiith drathffanR Y
connect ed rresbumebv\méq:mmm]wﬁoh thse thaansmismsnS(%dumﬁ )be thel yehigsabl e

SO\ hat any BEntREnEOTH! LalBlfSy DPLAERESE) SO GRS PoiRe ArUSRL D! I

PON can be chosen us netvvork Is effectively a

broken ring. nP@ea (\?érlhhtsl hé@at%séOHFFbc&P@é'-a&@l REROMaFBPERYPE P
communi cat | Oeog%%%nalﬁﬁafﬁftisﬁ ratrnﬁ'thé l&meathez:hntenalrdﬁus&t hes et a
crpl oys B (4RgBitg® dana &y nPBRRs SEPGRIASLE00I A Lot aBPREnPllg o o
tine slot tigRifi wicdildn el trgheni coeduandatiearivedvedn tie fatabraks.in The
pr ot ocol V‘DU_{QSS”%HQS EBa‘ts'. t he |
If the database receives a call set-up recjuest which
is not corrupted by, for example, interference- from another
20 request, it transmits a modified request, also called a
status packet, comprising four fields, the first cc_:ntaining
the address of the destination terminal, the second
containing the address of the source terminal, the third
containing error checking or correction information, and the
25 fourth containing the identities of the respective
wavelengths to be used for the information transfer phase
(ITP), and the time that the status packet was sent.
If for some reason, for example the destination
terminal is already engaged in a call with another terminal,
30 the database knows that the destination terminal is not free
to accept a call request, it sends a status packet at ).z with
the address of the source terminal in the first field. The
source terminal will recognise that its own address is in
both the source and destination fields and know that the
35 database cannot send a status packet to the destination
terminal at that time. With a sophisticated calling
procedure the status packet could be sent to a busy
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receiver of the source termnal is inhibited during transm ssion fromthe
solurce transmtter and at least until reception of the reflection of the
source termnal 15 transm ssion fromthe destination PON. In order for the
destination termnal to use the sane wavelgngth, filters 52 of the
destlnatlon PON and any intermedi ate PONS are not controlled to bl ock the
wavel ength transnitted fromthe source termnal, whereby the same

wavel engt h t Gestiinaitadnl tenminhaldestgemérate cfiort rexiampilic, pasall iwaifkdng
filters 52 ang 183 gch the source termnal. 20 I n anot her variant one

or nore |ink&%® ncorporate a respective wavel ength translator. The_anount by
which a translator Bhent &heeddR chanafdndsdess the PRUFFRedesmipal will

controll ef' bﬁfhheadéa?b%ﬁ?]cfaml%@iés{mh f%dk%&dtb’ﬂﬁllile détaB?ﬁeSwKﬁtHO
use a particular el en or wavel e s for a_new ca ere. W

be wavel erd F?eEBﬁ’\EAgﬁt P@ngineEbﬂ?I"Flﬁ "c}%"f’h%s tHhdF §§F8ﬁdf5a€ﬂ the §

call. 25 FOl:ha)talﬂhlee tdhtiirmlmyaie sowefreti agdcaotebasge thlalt t:mm
many term nal.s,usi.n the a e be
added to the® i&ﬁf’? % L ?ﬁ%é?ﬁéh%ﬁég”?a‘%fﬂ%*i&%ﬁlg#%ﬁ?w ¥ %rﬁéﬁs"%ﬁded
term nal canabseedyt l-ul ued ay thos ol saedengthsus @ndnthathi ﬂ-bdihe tunable :
mavelength(s%avgiehgghwggi tiuﬁycﬁﬂﬁééeﬂe@ﬁcﬁn9¥ratﬁﬂrEBﬁ&rbﬁa@¥fﬁﬁgs

after the si assed the wavel engt h cont ention part. of
transni ssi®n B‘é?ﬁ’asﬂheﬁéasfhi-FtheOHBov@ﬁéntPﬁne@ﬂl‘?ﬁksmér PR i d%ﬁ f the e

links, a netwakllengthecltvgechienkalbei ueentBRiNshedi €dn Ao e @ oriraiecal
pat hs and apﬁ grlatg converte;L ;_.8 egmr%le a radio or satellite |ink.

17 \Wereas t BB FBOEFI HAISLFRE PP L &S and variants relate to a
t el ecomuni cati ons 'I\bevpm‘l«s roﬁ/\lmpd:lictalielumﬂm nNdl efanetvetrkephdreas fomedr | e

machi nes and {Ehg hblﬁgdelk élw %g% dﬁgcﬁqtf@qt thlfef%\?ﬁﬁq %}]@ 10

present invention s equa § e transport et veen
el enent s 15 wheatbe SPé‘@eS@F—H@ ppéllaéftea§n€|’¥@st a1l e whesen P@rthé-%’arﬁﬂ%

such el ement gpagewi RabReok Ol F30Am T O5 EXESHM L. bh¥1di ddAUala108,dS . G2 MRHHEE T
respective electro-optical jnterfaces optical tran mtt d recg:fhers)
each consti t BPFn§R%O ?—’J?‘ﬁ?nﬁ?e of IR "Hﬁ/éfﬁ‘f ?'ﬁ lﬂ"%

cards, say thegtonf a shelf, can be grouped-on
Customers making local calls are allocated basic 2. 048
20 Mbit/s channels at wavelengths less that 1530nm, and channels
at about 10M bit/s at wavelengths greater thaﬁ-1565nm.

In the above described embodiments, filters 50 and 52
on an optical link between‘adjacenf PONs have been disposed
at the transmitter end of the optEcal link. If desired, they
25 could be disposed at the receiver end of the links, or at any

convenient position along the links.

) Instead of network 10 being serially-connected in a
ring as in Figure 1, it could be a fully or partially
connected mesh network, in which case the filters.should be

30 fully-tunable so_that any of the possible paths between a
source PON and a destination PON can be chosen, or it could
be a bus network, which is effectively a broken ring.

In a variant the database allocates a single
wavelength for communicat:ion between a source terminal, i.e.

35 a terminal which reguests a conneection, and a destination

terminal, and the source terminal employs & ranging and

syhchronisation protocol for establishing a two time slot
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a single PON, a plurality of such PONs in a | arge apparatus conpri sing
several 10 shelves being inter-connected for connections between any two
term nals of the apparatus. Such an arrangenent may be used in conputing
apparat us, database handling apparatus,_apgl any apparatus where an opti cal
interface (i.e. termnal) requires sel ective connection to anot her
termnal, the nature of the information to be transmtted on the network

tcngl ng i mmat eaa%. alvl%iio{?uhhf MBidiex c::tnMuMa&aén (Bymk . :c)&hbgn&rmhwsk

ri sing, urali (0] Ive | n IKS e Vi n

a glpural i tgy 'BPGOPFPGQ")‘I’Lle se’Esz‘éﬁp gﬁatS(%E’Saneeccte con{ %\)’ rrgggs?% 16)g

for dynam catéymphaDcatsi ngﬂm}:ﬁitad davehgngidansod s&inay o] xawt bheusoagicexed

communi cati o gﬁgﬂfﬁfz fﬁ. &C:HI Q1 ol ?]fl%lf'l Eééegh&ﬁe% PRI e £ @IcHi AN %fto a
Ica er e

second of th m nal s an or conmman transmtter %FHN)
said firsts o'phtcapureﬁmtﬁmmléﬁé iR nSME Sian (%’19“‘ Fh%aiiﬂsE%EEFH°Pe nal
to tune to Sf‘hd didst Wworel engt Faeéilﬁnél@id@rlté%uﬁﬁlchﬁbaMﬁl e | Bakmeat : -
10 | east some of_. t he PQONs g g_ﬁe %I rectl , con ed to a
respective pV%Y%?-'PF?th netyRetRir ity t8f ¢ ‘1“2) VPR e Yve

bidirecti onainaefmeaiatenkens ldye ammemmlmneraesmmum it:hpuwsvahdnguhput S

of the PONs h . of ti cl e ot
sel ectivel y é%fleé 8 fe}.‘t;'!?hq'% l:u.lv: té% ?éf "lﬁﬁéroe]ﬁo}{ h%‘ﬁpe k¥fe
transmi ssi.iOonwaivebeng'bhs to:ransrmtrqenk r~1®n a;aeh téagtion, terminal will

wavel engt h %9&5%h£599h53i1{9€k£‘95§0&ﬂ&eﬁe&@htE'l@eC%Wﬁ&él@é‘rzﬁﬂ@éi ol means
and being responsive t0 a control gnal fromthe Cﬁd’ln?%tlon control neans

to tune to the vvav@’bn@{‘ﬂtE%Fr€§ﬁbﬁﬁrng’r{% PRe™OBRt FOLRRFE bPock
its transn sgédpectsd RAVelengthangedthsatet.ay tThe hanmnn’eably ofhidls a

t put t | | 0 ' d at t d t PR
ts opti oal TERRRHAFEE BRAZERC RESRICEY OTPYHIRISTAeRRE 6 dAriet et g
det er mi na SV\hd:mlntnmaled hsmrt%e)ﬁattla@asel ecTraasglatunabhEE{ ey gis@dg whelsieodker s
(50. 52) 15 10 48 %’ﬁoat Ya2els AL Wl et BR0bBvblepbins E8r
iTs wave en

confine said R YA p romthe frrst optical
termnal (28 tnew heaéécorh}l%pfclhéa‘le t¥k¥3 ndle wavelength contention or

conflict on the transmission path for the new call. For
example, there may be an existing conference —cTall between

20 many terminals using the particular wavelength(s) and a new
terminal is to be added to the conference without changing
the wavelength(s). The newly added terminal can be
controlled by the database to use the shifted wavelength(s),
or the wavelength(s) shifted back by a further translator(s)

25 after the signal has passed the wavelength contention part of
the transmission path.

Whereas all the abovementioned links are optical fibre
links, a network may include 1links between PONs which
comprise non-optical paths and appropriate converters, for

30 example a radio or satellite link.

Whereas the abovedescribed specific embodiment and
variants relate to a telecommunications network in which the
terminals are telephones, facsimile machines and the like, it
will be appreciated that the network of the present invention

35 is equally applicable for the transport of data between
elements of data processing apparatus and the like where, for
example, such elements are in the form of, for example,

1s$mﬂ%hsBumR.lmxd
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25 (28), and to apply a first control signal corresponding to said first
wavel ength to the or each selectively tunable wavel ength bl ocker (50, 52)
so determ ned. 2. A network as clained in daim1, wherein said
connection control neans (16) is arrangedgynamcally to allocate for a
conmuni cati on channel fromsaid 30 second optical terminal (28) to said
first optical termnal (28), a second wavel ength for transm ssion from said

second opti C@ﬁd@i&h&ﬁ' teard@i d ddnpiti NG Cakespestneé Viedestird-optical

transm ssion path, and is, arr.an ed to dete ne further Ol g5y ©
of the sel ectPbeFEaEERanI (CRELR eng"fha%?’&’cég?gs(S(?ndSZ) Jf‘be’ge’acom?;gr%d d

to bl ock d&nstiduﬁﬂnqndavmerwh iof orthe  tRres®my nénéiand‘—lﬁbond A
wavel engt h t ) t I o] C @t egnal
correspondi n%l’?gégla‘lt' é'gg%:?]% &)ﬁaenmg?ﬂ ﬁ?grayesg!cei%ge:&gal veﬁ%btu?nabl e
wavel engt 5 bencleer 89-5@1952?030 fair Phéllra&étté’r nPheduch 3FONs 3\ & wSAFILS
claimed in Qﬁﬁgtuw%bﬁb&lbﬁﬁgp%éﬂa@ s?li@l+é§1k3d1ﬁ§rtatb¥ -conndaditess
order, and the connection coptrol neans %:s arranged to gp é ggg ?\E%gsl y a
first set of LPFcBRRBPAFHBHS cBRFVBPRsAHHalr¥Or GSFRERFEE pRE iver

t unabl e waveseent farl aﬁkangeméﬁ; Ay abeocnﬁtdadlm tdompuing sgppnrlaﬁufe t he
O ection Qlakbihess! il Af0bena-ANER A%Ae, WrCkafpRbatEd St [ gkt

set of wavel €ng o apply contlnuously a second E
pr edet er #oneaptbeat ol lsif@?eﬂ@et o theer esfpesringdldel KATWASF t uRif PEtlve

wavel engt h bl ogkeesi 6a00 @o‘lﬁfe’io‘i'e&hiﬂa\lﬂ t’&hérﬂ@ﬁtﬁﬁ'éfdﬂ&hlen:.hlﬁerdaltﬁow on
of decreasi ng PON addr ess such as to %tl nuousl ond set of

wavel engt hs, *qhe® e fjan?ﬂl'ﬁ%% Bﬂlﬁh? h%e?5°?3és %i:?‘l"v’emg %’E’t? el y tunabl e

a destination PON (12) to the or each of its nei ghbo PO\ls (I2)--not
associated with that connection is dynam cally cont rgg B&epﬁ& t he
respective wavel ength. 20 4. A network as claine rein
t he connection control nmeans (16) is arranged such th ths of

said first set of wavel engths are spaced and alternate W|th el engt hs
of said second set of wavel engths.



5. A network as clained in Caim3, wherein the connection control

means 25 (16) is arranged such that the wavel engths of said first set of

vvavel"engt hs are within a first band, and the wavel engths of said second set
E!Eﬂhs are within a second band. 654 A network as clained in

CI a| m

auuumu l”l (12) are |inked*Serially 30 in address order:

t he res y tunabl e wavel ength bl ockers (50, 52) associ ated
W th transm SSI on in the di rection of imng PON address are responsive
only to control signals corresponding to wavel engths to be allocated by the

connection control neans to termnals for transm ssion to PONs of | ower
20 address and. are a&Socbptiedaw tboﬁxinuaicaeaaasfonepwbrknenbmprhbdmlgi ng a

pavel endt st Bylige34 LS e Bpdlee ORISR V31 AN JERRGeEe LEOILITS
t unabl e wavel whych mmﬁmsaasemmmmm bletwesmshessinal § ra:tmeramerl@mtdn
of decreaswgm&%mgﬁafcsas At aié’%é\?s?ﬁocgvcgfdog NSOBdi%lg ShgP2hSed t

corresponding to engt hs” to e connect] on on ontro
means to ternFRARE Ay IRERHM s8i6Rat oopOaP o*n%?@:h%‘i béBkes® RRPRAPE 2

associ ated WiHraBLEPNEst a@@g&ﬁ@ulmrsryaaaat b&snhéeﬁkbﬁgcd!ﬁtyﬁéﬁﬁﬁﬁtﬁs tf@ e
al |l ocated by éhe conne t|o cong s to ter t%t‘gr transm SS|son to

PONs of | ower %ﬂﬁ%ﬁg FEL R Pt B, CRRBPEHO%i d
first neans fﬁroxpearrﬁmestzl yd:hncﬂaﬂng:qmeeiwdgtﬁm asfms‘an@@li to bl sekond

wavel engt i Wb ALP SHAREG.BRd:a! LE180ER UL BolPKe! €80LNa: ¥BECRAEAERN, |

second neans ermanen i g Wavel engt hs s arr ange
8. A net v éWﬁquAYCPQFWGllMEr@W%@F’d‘@ iuna Havedength

per manent |y bfﬂ&ﬁ%d&!@'&ﬂgﬁihﬁcd Sasfgdcmgﬁéh tvaﬁﬂ aHe wb&nebha hakliing a
first band, a,fr}g S econd means, fo(ra nent b|1%81kl ng.wa ﬁgeg@agh)s IS
arranged to Tk i’NEV’) | &Rt Heee%hi h %Eﬁ )4 fi Rkeas
clainmed in ei2dRs, Gaiblockrsaladi ayﬂam:z\bellaynalhecaaaaewavehength on any
15 such associated link not being a link which is part of the
transmission path £from the first terminal to the second
terminal.
2. A network as claimed in Claim 1, wherein said
connection control means is arranged dynamically to allocate,
20 for said first <connection, a second waveler;gth for
transmission from the second terminal to the first terminal,
and dynamically to control said respective tunable wavelength
filter means on links associated with the PON or PONs having
the first and second terminals, and with any intermediate
25 PONs, to block said second dynamically allocated wavelength
on any such associated link not being a link which is part of
the transmission path from the second terminal to the first
terminal.

3. A network as claimed in Claim 1 or Claim 2, wherein
30 the PONs are linked serially in address order, each having an
outgoing link to each neighbouring PON, the respective
tunable filter means associated with links in the direction
of increasing PON address order being arranged to block
permanently wavelengths allocated, in use, by the connection
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control means is arranged to allocate for each connection a pair of

wa¥el e bei ng spaced by a constant anount. 25 10. A

nmet h ml &ﬂm gu comuni cati on between optical termnals 28) of a

pl ur ve~ opti cal networks (RONB3 £12), each optical term nal
(28) haV| ng a respective tunable optical transmtter (29) and receiver (31)
for “provi di ng wavel ength mul ti pl exed conmuni cati on channel s bet ween

term nal s (28yonthelmeehvd tonpermimals hEox tganai sinmitenBOPNsa0fodoMesy a

first wavel eng&&:&e& 3Qn tf@é‘ﬁ&ééﬁ@%dﬁéﬁ@ Firedr qwalr@alasbarcmawd Watd
second optica

term nal or first connection, and CO€8§ t he
transnitter (2bRpk®f Iy Fhe rgi"rSﬁHEﬁl er FESXCSAFT: &é%’s 3PPige
sai d second tsfﬁaﬁgédt Otbunmwksepe:kﬁaﬁattmve&asx@dngww Bhéqmttle@d e ng
characteri t he. pr s1eps of di rect o] d t
of the PO\I§e (53 mfﬁaﬁg t%ﬁe"t’i"’f FPIREHR %[% bbpg é?g M%tgd 5%%? g?i bYP
(12) by respetti usepi cbnlacttlmelatuopblealfillrtnlrs mepfs AARRGiaked oW?-‘ébpééllel ve
i nputs and 0”699%?195 t PenENS o0 %ﬂé”‘ﬁeQSB@QiKe pa€¥tgh3€16ﬁ0hpgﬁstth
optical links w a“respective selectivel %/ t unabl e wavel en%;ﬂr?ebl ocker %50
52) for each B?lghﬁmiﬁr%’ilan?ﬁ’il"%lftﬂ? d*$8e¢t dRed o ithe HhA%, © &+ ARg P
each PON (12)céatrelbydt ot BEoGk ERehredpetsivet pavelangtical signal s
received at an input and optical signals fromits optical termnals, and
the nethod being further characterised by the-steps of determni ng whi ch
one or i@ of. the el ewttwatly tamabtlaimed| chmyt hChabeke?s (BoSrelR j sheo
be commanded dgnbofloRal fohtEsi 'ERENOLE | Brehdgeal Oc60Nkl NEaRRRd FoEs!

10 wavel ength ransm ssi on m t he |rs tical term.nal to_the
second opti catrarsmissionahs 8psl ﬁlﬁgcé'-lﬂnr éfa‘fﬁifﬂmhssl‘ﬂﬁaq c®F® c€PBR&ANG
to said firstay@vghesghAteo Witk Qia@a@hg&ﬁs%ﬁhyehychnnaa ea)yER esdt Bor

bl ocker (50, 52 SO, determn&é A nethod as clainmed in Caiml0,
i ncl udi ng t he*EARFL 831 OF) ki ?I?/t}éﬁ‘F FALFSHEAOBor said first connection, a
second wavel ength for transm ssion fromthe second optical term nal (28) to
the first cal term nal 8) furt er, det o

of the sel1 ‘vel y %u wqﬁéi/ aesngt 1706 erl’srg(sc?)fg%g)n:9 Wﬁgregggmrgﬁ

to bl ock sai cbmmmb.mved:mgtdm i meanker i®-canfangedaitc allocate for

transmission in one direction wavelengths within a first

band, and to allocate for transmission in the opposite
direction wavelengths within a second band. -

20 6. A network as claimed in~ Claim 5, wherein the
connection control means is arranged to allocate for each
connection a pair of wavelengths, each pair being spaced by
a constant amount. )

7. A method of establishing communication between

25 terminals on an optical communicatioms network comprising a
plurality of optically linked passive optical networks (PONs )
in which communication channels between terminals are
wavelength multiplexed and at least some of the PONs being
arranged to relay an incoming optical signal to each of a

30 plurality of outgoing links, the method comprising the steps
of dynamically allocating a first wavelength for transmission
from a source terminal to a destination terminal for a first
connection, and dynamically controlling respectiée tunable
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20 second-wavel.-engt-h-t-o-said transm ssion path, and applying a second
control signal corresponding to said second wavel ength to the or each

sel ec vel engt h bl ocker (50, 52) so further determ ned. 12.
A het ﬂ“m Ilummﬂﬁ A aim1ll, where thefQ\s are linked serially in 25
address o: ex I mCl udi ng t he steps of continuously bl ocking

transm ssion fromeach PON (1 2) to the respective nei ghbouring PON (1 2)

of |F“er ﬁddrﬁ§?F£$n f@!ﬁéﬁnﬂéﬂﬁgfoﬁalﬂnkbr&Esaaﬂ?ﬁédoﬂﬂtn|EgﬁaPeﬂ or
wavel engt hs, and cont|nuo ockin nsm ssion me o
respective nef oﬁﬂ’hﬁng% of® WGFer? q‘ﬁja‘f W RFTIR %? m{i‘ Vel %ﬁét Wt"'g:?‘
sai d al | ocat esnywaitekergeds atand®aisr cto bhocl0 st;tderaﬂ-lwc@ted epayed engithes,
I n respect Of%‘;@‘xd +REE Yae' %?%%sts%nsﬁ'secééﬂf‘iﬂ dé UE'@chﬁe !Sh@&%gmn

bl ocker (50 assom the transm ssion recti on rom-t
destinati o8 PEtR obetseﬁm ghso@rqwrgepm%fd?ﬁwﬁa%r‘é§§mlaﬂ%|5: i ﬁhP€§|5’éf'ct

of said ot hereﬂ@ﬂﬂ&?@"@alé heasebestédqel efawneﬁlgehwavel enet hubkackebr( 5@,
ssion direction ource. PON

22 52) associ at ed]t’?ﬂ\? rans

its nei ghbour$ig® SPuT oﬁ%?nﬁﬁg%%gfviﬁ n°ﬂ“ﬁ¥%ﬁgapatn8| iFﬁ’@ﬁmllﬁstioé” m
12, wherein -smath.conti nuously bl ocking 5 steps conprise continuously

appl ying a first set of predeterm ned control si gnals to the respect Ive

sel ectively tunabl e wavel ength bl ockers (50 2) associated wi
transm ssion 8n t heﬂdmeeélqdoﬁsoicllahé‘ﬁéaépnﬁilam JddiBsdudiag §§et §tBPoLE

Contlpuouagy &yﬁédiﬁ%aﬁﬁ} Qi}a@aei 0t £6x @aﬂacs:aﬂt;sﬂueuﬁhyclzewhyl lagsacaaglond
set of predetermne onfrol si s to pective selective tun e
wavel ength 1% ‘b?]o%‘k%c%% ’?Z%W?d’(ﬂr’at gfﬁﬁé‘ﬁagéf’gn ﬁ"‘#ﬁ‘g‘g 2

di rection of fesr essurce P@énﬂﬂnﬁs samdh aéynmmbbal:kycoubntnollkiyga saidnd

set of vevel eigilise S d LhbskygeVSlonadial naz, pEIbCRedheONS! s2itls

sets of wavel®&n S Tand sai SEecon el ng the ot
of said sets aﬁsqmﬁettqmgmh 1§he14PON ox nﬁpﬂed hswsnm e i ﬁoweonénéf

G ainms 10450 a?e%timi% nee.@wﬁgg pa' layxdalvho&?-t aﬂge%e@rfneam% CRARECT kN

havi ng a FPanem Gaton over | appi ng that of first connectjon a
respective dlb]f@r]entsﬁ)"sﬁr PRCORA sk LT R da BR BRYEREED 155uch  AtRRE L ofREs

claimed in Cwtdnshtsdien UWHoM theages8i hhei bAVesrvewsl anglcdnfined to the
transmission path between the source and- destination
terminals.

20 9. A method as claimed in Claim 8, where the PONs are
linked@ serially in address order, and including permanently
blocking one wavelength of said first and second allocated
wavelengths on each link leading from a PON to a PON-of lower
address, permanently blocking the other wavelength of said

25 allocated wavelengths on each link leading from a PON to a
PON of higher address, selectively blocking the said one
wavelength on the link leading from the destination PON to a
PON of higher address, and selectively blocking said other
wavelength on the link leading from the source PON to a PON

30 of lower address. |

10. A method as claimed in either Claim 8 or Claim 9,
including dynamically allocating each further connection
having a transmission path overlapping that of the first
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20 of the palrs by a predetern1ned di fference, and correspondi ngly spaci ng

the uTﬂw' f the pairs by the sane predeterm ned difference.
"gﬂﬂ gﬂ EE imed in either Claim14 or Caim 15, wherein each

palr cdnpfi ses mdjsacelit wavel engths. 25 17 A nmethod as clainmed in

either daim14 or Caim15, including grouplng all the | ower wavel engt hs
of the pairs in one group in wavel ength order, and grouping all the upper

wavel engths ofohRgcPAbRS AN A8 pELELHE! &H@f@réﬂtv"aﬁ/ﬁ:‘?ngﬁfﬁ YrdHemission

wavelengths.

11. A method as claimed in Claim 10, including spacing the
lower wavelengths of the pairs by a predetermined difference,

5 and correspondingly spacing the upper wavelengths of the
éairs by the same predetermined difference.

) 12, A method as claimed in either Claim 10 or Claim 11,

wherein each pair comprises adjacent wavelengths.

_13.. A method as claimed in either Claim 10 or Claim 11,
10 including grouping all the lower wavelengths of the p;irs in
one group in wavelength order, and grouping all the upper

- wavelengths of the pairs in an adjacent group.
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