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OPTIrCAL MOCTHCHANNECSYSTEM—— ApptrTecant—sTnventTom Terates to
t el ecommuni cati on networ ks that use optical fibers. 5

Optical systenms and circuits have becone nore and nore inportant for
data communi waassB2r8syst ens. opti cal fiber networks arRCTSEPG0441 ar | y

useful in t el ecommuni cati ons systens because optical fibers have

| arge transmi ssion capacity “ﬁﬁﬂﬁﬁknﬁ|ﬂﬁiifﬁﬁiiﬁiﬂ gyskx i nterference and
ground | oop probl ens. Wth the demand for transm ssion capacity

increasing, as for exanple in broad-band nultinedia
t el econmuni cations, there is a need for BACKGROUND mul ti channel systens.

SUrategi es during the  TPpLEcaicre thyentlay uiatelrbiseanidtitoipation

st _ . usi ng nul ti channel techniques,
i ncreased transm s?&”ﬁ%ﬁaﬂﬁ% “r?%d%??izﬁ?bl% & an be realized on
exi sting fiber Bcabl es wptixal isyatensi apd circuitsibaye beconr MPre anddi ng

more conpl ex contr ghyre?Pnpotiitl iF9RSdata communicabibhNgyftens ! cOptieails
conriobn for communi

I on networks, . a en _using tical fiber
cables, the ring iiherugﬁEWFy“h§E°bﬁe’F¥Eé§L€%¥w%?F§STn $ﬁal traffic in one
direction and anot kelecommunicationegsyatens hecausgef optigal fibenshhayeher

direction for protgﬁgggnt | jlonakhi ci@?&without @Y¥éctromadrdidc break.
In this way, each qo in the ne K can eached in two separate

g
ways with justt® ntgrLerpnce. and FS@P“@E{)?%‘,’ %‘(?g‘ifnﬂ'fi ber break occurs in
one direction, the trafWithckhe demandnfor tteansmissdont capagity ot her fi ber

in the other directngBeasing, as for example in broad-band multimedia

telecommunications, there is a need for optical
multichannel systems. Optical multichannel systems will

15 probably change network design strategies during the
coming years. By using multichannel techniques,
increased transmission capacity and flexibility can be
realized on existing fiber cables without increasing
modulation speed or adding more complex control

20 functions.

A ring architecture is common for communication
networks, and when using 6ptica1 fiber cables, the ring
usually has one fiber carrying normal traffic in one
direction and another fiber carrying the same traffic in

25 the other direction for protection against traffic loss
due to a fiber break. In this way, each node in the
network can be reached in two separate ways with just
one optical fiber cable, so if a fiber break occurs in
one direction, the traffic can be transmitted across the

30 other fiber in the other direction.

optical fiber amplifiers are usually provided to
compensate for signal attenuation. Erbium-doped fiber
amplifiers (EDFAs) are the most common and so far the
best, but there are also other candidates. While such

35 amplifiers compensate for signal attenuation, they can
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2 al so magnify their own spontaneous em ssions, leading to
problems in ring architectures. In particular, anplified spontaneous
eni ssion (ASE) fromthe optical anplifiers can circulate in the | oop
if no special 5 measures are taken to prevent this. The ASE circul ation
| eads to saturation, higher noise |evel andg oscillations. This
probl em appears not to be easily solved with optical filters.
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oscillations. This problem appears not to be eas
solved with optical filters.

One way of providing the desirable signal

10 protection is described in A.F. Elrefaie et al., "Fiber-
amplifier Cascades in 4-fiber Multiwavelength
Interoffice Ring Networks",
Optical Networks and Their Enabling Technologies,
pp. 31-32 (1994). One limitation of this system is the

15 circulating ASE problem.

Circulating ASE and technigues for coping with it
are described in K. Bala et al., ®Cycles in Wavelength
Routed Optical Networks®™, id., at pp. 7-~8. Although
this system solves the problem of ASE by breaking

20 oscillating cycles, it does not provide the desirable
protection of a bi-directional bus network.

A scalable, multi-wavelength, multi~hop optical
network and various aspects of optical multichannel
systems are described in C.A. Brackett et al., "A

25 Scalable Multiwavelength Multihop Optical Network: A
Proposal for Research on All-Optical Networks", IEEE J.
Lightwave Technol. vol. LT-11, pp. 736-753 (May/June
1993). This system focuses on scaling the number of
channel wavelengths and reconfiguration of wavelengths

30 and does not solve the problems of circulating ASE.
Other aspects of optical multichannel systems and

components useful for such systems are described in C.M.

Miller et al., "Passive Tunable Fiber Fabry-Perot

Filters for Transparent Optical Networks" Proc. 3rd

’
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wavel engt h in the nodes of an optical network for wavelength
division multiplexing (WDM), i.e., to select channels of
10 different wavelengths.

U.S. Patent No. 4,973,953 to Shimokawa et al.
discloses a data transmission system which transmits
data between nodes linked in ring form. Each node
includes two transmitter circuits for simultaneously

15 transmitting data and frame signals in opposite
directions and a control circuit for detecting data
transmission faults and supervising data transmission of
the system according to the location of the fault in the
system. Nevertheless, the Shimokawa system is not an

20 optical system but is all electrical, and the Shimokawa
system is not a multichannel system but is only a single
(electrical) channel system. Also, the Shimokawa system
terminates the electrical signal, processes it, and re-
transmits it, in each node. Thus, the Shimokawa system

25 does not provide direct node to node communication.

U.S. Patent No. 4,704,713 to Haller et al.
discloses an optical fiber ring network which is capable
of operating if one of the nodes in the ring fails.

Each node is able to diagnose a failure of its own main

30 receiver or of a transmitter in the immediately adjacent
upstrean node. In either case, the node switches from
its main receiver to its alternate receiver to bypass
the upstream node while enabling the remainder of the
ring to continue functioning. In the Haller system, two

35 wavelengths are used for sending traffic one and two



division nmultiplexing (WDM, i.e., to select channels of 10 different
wavel engt hs. —4-5— Pat ent—No. 4, 9737953 to Shi nokawa et al.

di scl oses a data transm ssion systemwhich transmts dat a bet ween
nodes linked in ring form Each node includes two transmtter

circuits forygédmtygzaneously 15 transmtting data and f rROTSESGSM] s in
opposite directions and a control circuit for detecting data

transm ssion faults and supervising data transm ssion of the system
according to the location of the fault in the system Nevert hel ess,
t he Shi nokawa systemis not an 20 optical systembut is all electrical,
and t he Shi nokawa systemis not a nul4ichannel systembut is only a
single (el ectrical) channel system Also, the Shinpbkawa system
terninates the el podes downstyesk, Fhuisosthe Hallew patent does RéGnsnits it

in each node. Thygecdite ah' BpKfdRL %(ﬁﬁ@haﬁﬁel Qs Rheti termlifect

node to node conmuni cati on. 3;10 Haller
et al. di scFepmanly, upderstood, béﬁ"’M{g ﬁé) %er’ ﬁgléng% j'éabl

of operating if odiredftedh&onsdiving nade faidureproblems, nphceablifie is able
to di agnose aFfal brégkef its own nmain receiver or of a transmtter in

the i medi atel'y adjacent It €q node
switches from [ t@rmﬁnrgeg$\l/té$$&'1%ggio+%&;n E%i’gor @?Z veJ‘}2 h?o by ass
the upstream nodeDednidnnecdibrioges o himddreagtionsl (ptical multipl

continue functi ongngeen wiéﬁ hiBbs Cdi FpETeRt) whelerifths\Poe! eﬁghhﬁiﬁibmsed

];D(c):[r/ ;Eggll 88 4Zr1af fig two di ecs:w)ns around ay}oogéiggf %iper loop. The

10 nodes communicate bi-directionally with four wavelengths'
through the same fiber. Nevertheless, the channels are

terninated in each node.

SUMMARY

15 In accordance with Applicant’s invention, there is
provided a communication network having a bi-directional
bus architecture, in which each node has at least one
onfoff node switch, i.e., a switch that permits or
blocks transmission around what would otherwise be a

20 ring. At any given time, at least one node switch is
off, thereby avoiding problems with circulating
amplified spontanecus emissions. If a fiber break
occurs, the node switch (or node switches) in the node
adjacent to the break and on the same side of the node

25 as the break is (are) switched off, and the node switch
(or node switches) switched off before the break is
(are) switched on. This permits the network to operate
largely as before. Thus, Applicant’s invention provides
a bi-directional bus in which a protection cable is

3o drawn the shortest way, leading to a ring structure.

In one aspect of Applicant’s invention, an optical
fiber communication network for transmitting information
on wavelength channels comprises a cable having two
optical fibers; a plurality of nodes connected by the

35 cable; and a plurality of node switches, one for each



4 nodes downstream Thus, the Haller patent does not descri be an

optical murtrchannel systemas that termrs commont y understood.
Moreover, the Haller patent is directed to solving node failure

probl ens, not cable 5 breaks. Eur opean Patent Publication No. EP
0 487 392 t w0932k quenne di scl oses a bi-directional opti BEFSEAORp| exi ng
system whi ch uses different wavel engths for transm ssion In two
directions around an optical fiber |Ioop. The 10 nodes communicate
bi-directionally with four wavel engt hs t hrough the same fi ber.

Nevert hel ess, the channels are term nated in each node.

SUWARY 15 In accordance with Applic#&it's invention, there is

provi ded a communi cati on network having a bi-directional bus
architecture, innffiech The hodese argsarrangadinopering, ang e Rodesswitch,

i.e., aswitch thad mmtm a bi-dbta@tkfoﬁuammss ruded swligchwoul d

ot herwi se be a 2 £’ t \ 00S ngg tegp is

of f, thereby avol méﬁ%r% I Sgis#:{%alp%hkgéﬂg e.(?i\sgkﬁon?aneous
emissions. 1f a ApSerm "nd °BEC switchods inj QQFP%IP%& OBy t ches)
in the node s badcwtwmﬁdiesbbﬁa&famtmthansarrmsm&w&-kt he node 25

as the break is of f t C 0 ode

swi tches) sw tchgw&'&%mggfhé rea%e ﬂﬁ' %%gcﬁ%)p br%akhi %ﬁg Thi s
pernmits the net wépRle Anh& Aewice f“l%!#’é‘é?h}ﬂas buiBeaponge, $0 Appl i cant' s
i nvention provi dastection dHithai beeikpraie hodel Bwibek eratpriat aat tRa cabl e

Is 30 drawn the agd] I n
one aspect of °TS'P%$¥1‘ siégﬁ&gn%lﬁogﬁr% | cgﬂg ené L*f&tg %"(;13%%m cation
net wor k for 10r angﬁﬁl?t#‘*ﬂg‘q%i‘ﬁaﬂﬁn"r‘a" 36\‘? fBEhe gane &idenefsth8npri ses
a cabl e havi ng. t node as tha brebkf tbecdn off pogitkohy of nodes connected by

the 35 cable; and appl il Aol aBhefOWr NP1 BERL € vt 153 Nan

optical fiber communication network for transmitting
information on wavelength channels comprises a cable

15 having two optical fibers; a plurality of nodes
connected by the cable, the nodes being arranged in a
ring and the nodes and cable forming a bi-directional
bus; and a plurality of node switches, one on each side
of each node, wherein a first node has a first switch on

20 one side in an off position and a second node adjacent
to the first node on the same side as the first switch
has a second switch on that same side in an off
position, the first and second switches blocking
transmisaion, and every other switch in an on position

25 permitting transmission of information. The network
further comprises a device for detecting a break in the
cable and a device for switching, in response to
detection of the break, the first and second node
switches that are in the off position to an on position

30 and the node switches adjacent to the break on both
sides of the break to an off position.

In such networks, each node may include at least
two receivers and one transmitter for a respective
wavelength channel, and optical pre-amplifiers. Each

35 network may further include a wavelength reconfiguration
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node. The nodes are—ar+anged in a—r+tng, and tte—nodes —- and cable forma
bi-directional bus. Every node swtch but one is in an on position
permtting transm ssion of i nformati on, and one node switch is in an
of f positiogvodsmszrsd! ocki ng transni ssion of information. THCESEREK
further includes a device for detecting a break in the cable and a
device for switching, in response to detection of the break, the node
switch that is in the of f position to an on position and the node

switch in a 10 node adj acent to the break and on the sane side of the
node as the break to an off position. I n anot her aspect of
Applicant's invention, an opti cal fibe? comuni cati on network for

transmtting device’ Bt PPt tiRgC8nasl sPaRAve1eAgER] S@% a cable 15

having two optical fibers: a plurali'ty. of podes onnect eq by the

cabl e, the nodes W@“ﬁi“aﬁﬁ&f‘ 'W““" aﬂﬁgﬁﬁd‘dﬁﬁ e ol &bl e

form ng a bi-direomveleagths usdisin &he nepvork|frop ¥i(Mrd)if2 b tches, one on

cach S0, 4 C1QRA2EIY f0Uhariinr o4 it 0@t cnbit 2 iciraobhieguon 20
i i i, T i

node on the sane nﬁ%é‘fégufﬂﬁf‘?’f r@["i&w PEX f"&"a‘%g“a"é@eﬁm s%lttﬁ‘f on that

sane side in an ditat is opesof iam opticali cixculatoreandda shabmr@ertocki ng

transm ssion, angeaqehy ghhastiiil cirbl12€of ek #i8ar 2gratifid] tbnd

e sl o o e Oy (131t 2L ans, o SAChoSRIRE A" 0oV

transmission filter.

10 In another aspect, Applicant’s invention provides a
method of transmitting information on wavelength
channels in an optical fiber communication network
having a number of nodes and a cable including two
optical fibers, the nodes being arranged in a ring, the

15 nodes and cable forming a bi-directional bus, and each
node including one node switch. The method comprises
the steps of setting every node switch but one in an on
position permitting transmission of information; setting
one node switch in an off position blocking information

20 transmission; detecting a break in the cable; and when a
break is detected, setting the node switch that is in
the off position to an on position, and setting the node
switch in a node adjacent to the break and on the same
side of the node as the break to an off position.

25 In ancther aspect, Applicant’s invention provides a
method of transmitting information on wavelength
channels in an optical fiber communication network
having a number of nodes and a cable including two
optical fibers, the nodes being arranged in a ring, the

30 nodes and cable forming a bi-directional bus, and each
node including a node switch on each side of the node.
The method comprises the steps of setting a first switch
on one side of a first node in an off position and a
second switch in a second node adjacent to the first

35 node on the same side as the first switch in an off



cable and a device for switching, in response to detection of the

break, the first and Second node SWrTThest

to an on position 30 and the node switches adjacent to the break on both
sides of the break to an off position. In such networks, each
node nay i ncMOREAZI8? | east two receivers and one transnPCISESG0#41a
respective wavel engt h channel, and optical pre-anplifiers. Each 35
network may further include a wavel ength reconfiguration w

96/ 3278 6 device for permtting
re-use of a wavel ength, the wavel ength reconfiguration device reducing
a nunber of wavel engt hs used in the network fromMM1)/2 to

(Merr]-1)/4, where Mis the nunber of nodes. The wavel ength 5
reconfigurati on de9Pteiony thecfiget andReqand switekrblockinghat is one of
an optical circul etanssisbion-altr infiermition; seteing, eiH&yDRhﬂﬁiﬂ ﬂaagculator

and a fiber gratipgg % t¥%in an ohh§§$¥£¥gg:d?¥gx%tgg§oé alon 8 t

acoust o-opti c Fansm ssi on
Appl i cant 'ps i nveninEeraptianicdetecting r?eth’f’@koﬁ-nttbmﬁhltmngnmﬂbenaal on on

wavel ength s chﬁmel iditaatemlfﬂtifnd)thecﬁmlﬁﬁlﬁao%ﬂt yeak
havi ng a nunber o; %ﬂtaa b:lr? g@ Bgﬁ%xxg%l tlcal ﬂ_'gers

d bei ng arran ed I'n a ring, he 1
B? S.Sr ect i 8na| bngn d the node gwitches adjacent to the brenk on both

sides of the break to an off position.
Each method may further comprise the step of re-

10 configuring wavelengths in the network to permit re-use
of a wavelength to reduce a number of wavelengths in the
network from M(M—1)/2 to (M>-1)/4, where M is the number
of nodes. The re-configuring step may include the step
of add-drop filtering that is performed by one of an

15 optical circulator and a Fabry-Perot etalon, an optical
circulator and a fiber grating, two three-port Fabry-
Perot etalons, and an acousto-optic transmission filter.

BRIEF DESCRIPTION OF THE DRAWINGSE
20 Applicant’s invention is described below in more
detail with reference to preferred embodiments, given
only by way of example and illustrated in the
accompanying drawings, in which:
Figure 1a is a diagram of a network in accordance
25 with Applicant’s invention;

Figure 1b is a diagram of a network permitting
wavelength re-use in accordance with Applicant’s
invention;

Figures 2a-2d depict other networks in accordance

30 with Applicant’s invention;

Figure 3 illustrates a device for determining
whether or not a wavelength channel is present;

Figures 4a-4f illustrate examples of add-drop
filters for a network; and

as Figures 5a-5b depict alternate arrangements for a



node i ncludi ng one node switch. The nethod conprises the steps of
setting every node—swtech—but one—+t—an on —position perm-tting

transm ssion of information; setting one node switch in an off
position blocking information 20 transm ssion; detecting a break in the
cabl e; and winoves2787 break is detected, setting the nodePSTISE®WO4hat i s

I n the off position to an on position, and setting the node

switch in a node adjacent to the break and on the sane side of the
node as the break to an off position. 25 I n anot her aspect,
Applicant's invention provides a met hod of transmtting information on
wavel engt h channels in an optical fibeg comunicati on network

havi ng a nunber of nodes and a cable including two optical fibers, the

nodes bei ng arr angbreerpert iRapry-Rerg® etalom Zddterbl e forning a
bi -directional bus, and each node including a node switch on each side

of the node. The net hod conpri etting a first switch
on one side of a first node in an ﬁiﬁ%&?t'ﬁﬂa}ﬁ%&ﬁ second switch in
a second node adj acentApplicant?sr peteerk xeflects: acflendble dd-as the first

switch in an gff airectionaOndewé2¥XSdrchitecture (FBDNA) that solves the )
osition, the

FiC:_/stSEg%ogéelgtl)nd gﬁﬂ’%ﬁ' b‘ffocﬁé'lrﬁahting ﬁsanagmus‘gi %ﬁ'%fgjln?ﬁ Slsrré ion; setting
every other node maintaing airing streetyrssi t ISnapee pravidest thasni ssion of
information; detegésided gctdctibnt §§a i tranBilis¥éivh Aoss due to

' cable breakage without wasting any fiber or number of

10 wavelengths compared with a uni-directional ring. (A
bi-directional bus requires fewer wavelengths than a
uni-directional ring). It also is an economical
solution gince it requires relatively few and not-so-
advanced conponeﬂts compared to other solutions.

15 Figures la, 1b illustrate network structures 10
that are built as loops of two optical fibers 5, 6, each
loop of optical fibers 5, 6 optically forming one bi-
directional bus for transmitting wavelength channels
Al - A6 from node to node. Figures 1a, 1b each show

20 four nodes 1, 2, 3, 4, although it will be appreciated
that more or fewer nodes could bhe used. Each of the
nodes 1, 2, 3, 4 contains an on/off switching device 20,
and all but one of these switches are set in a
transmitting (on) position. Pigures 1a, 1b show

25 expanded views of node 1, which includes one switch 20.
The bus starts and stops at the one blocking (off)
switch, and thus no problems with circulating ASE can
occur. The switching device 20 can be a conventional
optical switch or a pair of optical amplifiers that can

30 be turned on and off.

Bach node also includes means for selecting a
desired wavelength channel. The selectors, or filters,
may be wavelength division multiplexers (WDMs), or
combinations of an ordinary optical fiber coupler and an

35 optical filter. (The latter precludes re-use of



5 _break is detected, setting the first and second node Swi t ches
that are in the off position to an on position and t he—+roegde—sw-tehes

adj acent to the break on both sides of the break to an off position.

Each nethod may further conprise the step of re- 10 configuring

wavel engt hs iWOPMB™et work to pernit re-use of a wavel PomsEsshamar educe
a nunber of wavel engths in the network fromMM1)/2 to (Merr]-1)1/4,
where Mis the nunber of nodes. The re-configuring step nmay include
the step of add-drop filtering that is perforned by one of an 15
optical circulator and a Fabry-Perot etal on, an opti cal circul ator and

a fiber grating, two three-port Fabry- Ber ot etal ons, and an
acousto-optic transmssion filter. BRI EF DESCRI PTI ON OF

THE DRAW NGS 20 wavelepgth®)ant' s i nvention is described below in nore

detail with reference t ' only by way of
e?_<arrpl e anq il u.st{,g,ygf:gg{w Qﬂ;é;ﬁ%idﬂg.nﬂfﬁgﬂéﬁ%:hgts?r i%‘%{]i %:/h: . '
Figure la is a diagramor & n%"\%'? rif %’%&Pf eTISeIYRE (R A9¥ maght ' s

i nventi on: ber fw & bABsindicated inoFigures v X 1% fiodei B0has
\é?vﬁlrgggtzg re- gzeimmmemza_mpwgh'ﬁgez% zé,\rl‘m?ﬁt I&S’BI 32, o

i ngent i on; P %ﬁ %ﬁ&%%%sﬁ%} g%rdgvi %o 303 thus. i gangbe

whet her or not a VER®H nefanhefan yenedventhree of the sixgwaveldmytdl

| Il ustrate exanpl esharinelsdAdr opA6. THd dekired’ syl Whita 28dck on1y

Fi gures 5a-5b depigie ¢t @&r Hm'érév%]qgeré%qggrgoart %he same wavelength

10 since the signal would be present in only one of the two
fibers 5, €.

Standard software or switches can be used to choose
the right receiver, the details of which are not
essential to the present invention and will not be

15 further described here.

Each node further includes one or more transmitters
T that are coupled to both optical fibers 5, 6 by either
WDMs or ordinary couplers, enabling the transmitters T
to send in both directions. As indicated in Pigure 1la,

20 node 1 has three transmitters T that are coupled to the
fibers 5, 6, by two couplers 34, 36. PFigure 1b shows a
network that permits wavelength re-use with 8ix
transmitters T coupled to the fibers 5, & by couplers
34, 36.

25 The transmitters T may be semiconductor diode
lasers or other suitable light sources. Light-emitting
semiconductor diodes (LEDs) are generally not suitable
transmitters since they have broaad wavelength spectra
and are therefore difficult to separate from each other.

30 If LEDs are used, only a few channels can be transmitted
since they fill up the fiber’s available spectrum, and
special types of filters must be used. Semiconductor
lasers that are suitable transmitters include
distributed feedback (DFB) lasers and distributed Bragg

35 reflector (DBR) lasers. For narrow channel spacing, the
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t hree-port Fabry- Perot—etaton filter. — —_ DETAI LED
DESCRI PTI ON Applicant's network reflects a flexible bi- 5
directional network architecture (FBDNA) that solves the pr obl em of

ci rcul ati ngwedsmatsyt he sane tine as it mai nt ai NS a r irCE/SEsGMNsIure. |t
al so provides the desired protection against transm ssion | oss due to
cabl e breakage wi thout wasting any fiber or nunber of 10 wavel engt hs
conpared with a uni-directional ring. (A bi -directional bus requires
fewer wavel engths than a uni -directional ring). It also is an

econom cal solution since it requiresapel atively few and not-so-

advanced conponents conpared to other solutions. 15 Fi gures Ia 1b
i I.l ustrat e networlassmsyaugtdee rearly chirp free-HhuP goad ‘I’%ﬁ? Frevegt

optical fibers 5cHirpraghto use lisRegeatedtélectrio-opticonodulyticreairh
form ng one bi- dlrectlonal bus for transmtting wavel ength channel s

[err]1l - [err]6 ﬂ?ﬁhﬁﬁ %t 0 node. Figures la, |Ib each show 20 f our nodes
1, 2, 3, 4, although Mhewreteixersppndctrensmitters mightbe shandaxd nodes

coul d be useds E%p%eh&& or uowdasaﬁcea dévicksC 8t ﬂs ESheéxen f
swi tchi ng devi ce

| ' [ al 0 t in a
transmtting (on)tmf“ %‘rbﬂfr F 8. é%&%ﬁééd % e\%a}\%%eof node
1, which incl uderafierredi tealxye. °n°Tﬁ€ %‘ES Eﬂ"&l‘t’@‘aﬁ %Q‘!ﬂ?se’&t t he one
bl ocki ng (of f) systadist €8, tifdbosaibiletyr obl exectrithl ctirtdmiigiy ASE can

oar o onts ot aop P AHeERs R SO 11 24n ichiid docil, o1
Each node all® i rfaxu@xenpieRodel’scloelndy epticaljpreranpliliats,) Pin
channel . The sel &gOicompehsidtirigcsignal attenuation in the optical
fibers. (A small wavelength separation between the
channels is desirable since the gains of the optical
pre-amplifiers typically vary with wavelength; this
15 ensures a nearly uniform gain for each channel.) In the
network of Figure 2a, for example, the dominant noise in
each receiver R is not thermal noise but noise due to
beating between the optical signal and the ASE. Under
such conditions, decreasing the received signal power is
20 not crucially important. Exit fibers leading from each
pair of wavelength-channel selectors (e.g., WDMs 22, 28)
are coupled into respective single receivers R, instead
of into two separate receivers, for each channel. This
embodiment requires no switch and/or software for
25 choosing the right receiver.
Each node further includes means for detecting a
cable break. A cable break between two nodes can be
detected as a loss of ASE coming into a node from a
direction or a2 loss of all wavelength channels from a
30 direction. These two main ways of detecting a cable
break are then used in controlling the network,
depending on whether node control is centralized or
local. Figures la, 1b, 2a, 2b depict networks that are
centrally controlled. In centrally controlled networks,
35 signalling between nodes is controlled by a network



ray be wavel ength division nmultiplexers (VWDMWs), or conbi nati ons of an

ordrmary optical—fiber—coupl er and—am35—optTTat—f+i t er —(Fhret+atter—

precl udes re-use of WO 96/ 32787
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wavel engt hs) wo 9632787 Each node al so typically incl ude®CrSEs6/00448h

wavel engt h channel, a respective receiver R for each fiber 5 6. As
indicated in Figures la, |Ib, node 1 has 5 six receivers R and six WDMs
22, 24, 26, 28, 30, 32, three of each for each fiber 5 6, and thus
It can be seen that node 1 can receive three of the six wavel ength
channels [err]1 - [err]6. The desired signgy would reach only one of

a node's two receivers at the sane wavel engt 10 since the signal would
be present in onlpamiyeneintt béréubt 40. Fighees 3¢ &nd 2d depict l&tsiliard

software or switg mqeﬁenuéﬁ&ﬂso CHIIBcarly cobedliGl nbBEGINE, - N

details of which are no sent | nventlon ‘and
not be 15  furtSkgn betwesn nodes is con ?%&ﬁﬂlh?d@ eGEYPRICS ¢l udes

one’ or nore transwd.tlﬁ&r%ach nodd, that are coupled to both optical fibers 5,

6 by either e aof:gg@é’fﬂ Lie &gehénﬁfgureé{%&%ocbﬁ%dg‘ fs T

to send in both directions

three transnitterks £ingt dgtacted whieh Ghﬂﬁﬁ“l‘ arq jlosty andcthep %o
coupl ers 34, 36. fégnuurhbnebometh the breakOhis (duxturredui  Rex®y etrngt h

re-use With siX pygexing (off) node switch is opened (turned on), and
the node switch that is on the same side as the cable
10 Dbreak is closed (turned off). As depicted in Figures
la, 1b, 2a, and 2b centralized node control networks
must include one two-way switch in each node.

One way of detecting if a channel is present or not
is to superimpose a pilot tone on the channel. Aas

15 illustrated in Figure 3, a node can then easily extract
the pilot tone that identifies the channel by means of a
simple coupler and detector, including some simple
electronics. The detector in Figure 3 detects the
absence of optical power or the presence of the pilot

20 tones modulating the channels in one of the fibers 5, 6
based on only a small part, e.g., 5%, of the optical
pover in the fiber. A technigue for detecting a pilot
tone is disclosed in G. R. Hill et al., "A Transport
Network Layer Based on Optical Network Elements", IEEE

25 J. Lightwave Technol., vol. LT-11, pp. 667-676 (May/June
1993), which is incorporated here by reference.

Instead of a pilot tone, a separate wavelength
channel can be used for detecting a cable break. The
separate channel can be a low-bit-rate channel, so that

30 no optical filter is needed to detect the channel.

Another way of detecting a cable break is by
detecting the ASE or the optical power arriving at a
node. If a node loses all channels, i.e., the power
coming into the side of the node at which the switch is

35 disposed is lost, the switch in that node turns off, and



transmitters T coupled to the fibers 5 6 by couplers 34, 36. 25

The transmtters T may be—sem conductor di ode — | aser-s or ot her suitable
| i-ght sources. Light-emtting sem conduct or di odes (LEDs) are
generally not suitable transmtters since they have broad wavel ength
spectra woydnzmse therefore difficult to separate from BETDBESONEE. 30

If LEDs are used, only a few channels can be transmtted since they
fill up the fiber's avail able spectrum and special types of filters
nmust be used. Sem conduct or | asers that are suitable transmtters

I ncl ude di stributed feedback (DFB) |asers and distributed Bragg 35
reflector (DBR) |asers. For narrow channeli2spaci ng, the WO

96/ 32767 PCT/ SE96/ 0441

10 | asers rkhe nedengharts #anding; acpiloydanedp epepervmore of  chirp
i's to use integramsd channale- £t itellisyl thermodd tthat wast 6£igHseXlsy

The receivers anch;i‘%ﬁgw Biﬁréo ey 388 SLARYR'H,. S components or nore

advanced devi ces such as_coher ent transcei vers that have been
described in the |itef®B: 4PEally controlled Retwarks. Suchca8:thofe henefits of
coherent 5 systldustratedecip ®iguresi 2¢ aid dd;c decisiohs| dre inpgle at

ol oo oo RS BT o b Wk 0 Sherld MBS 10 L
in the optical to be known to take action. Figure 2c shows a
network havzng locally controlled nodes, with one switch
S in every node and a power or pilot-tone detector D

10 disposed in front of each switch. A detection result of
each detector D is sent to a respective switch § via an
electrical connection 7. Each detector D may take the
form illustrated in Figure 3.

The status of the network before a break occurs is

15 that one node has its switch 8 in a blocking (off)
position and all the other switches are in a
transmitting (on) position. If a node loses all
channels coming into the side of the node that the
switch is on, then the switch in that node shuts off.

20 The node that was originally shut off no longer detects
all channel signals from its on side but detects channel
signals coming into its off side from the node that has
shut off. Therefore, the node that was originally shut
off turns its switch on. The connections between the

25 nodes are in this way re-established.

For example, referring to Fig. 2c, assume that
switch S8 in node 1’ is initially off to prevent ASE for
circulating. If a cable break occurs between nodes 3/
and 4’, the detector D in node 4’ will detect the break

30 and a signal will be sent along connection 7 to cause
the switch S in node 4/ to turn off. Node 1’ will
detect channels from nodes 2’ and 3’ from its on side
and detect a channel communicated from node 4’ from its
off side, causing the switch S in node 1/ to turn on.

35 Locally controlled networks such as shown in



fibers. (A small wavel ength separati on between the channel s is

desirabl e since the gains of the™optrcal pre—anptiiers—typrecatty—vary
wi.t h wavel ength; this 15 ensures a nearly uniformgain for each channel .)
In the network of Figure 2a, for exanple, the dom nant noise in

each recei veWO¥B3288Aot t hernmal noi se but noise due to RCTHEPGHW441et ween
the optical signal and the ASE. Under such conditions, decreasing the
recei ved signal power is 20 not crucially inportant. Exit fibers |eading
from each pai r of wavel engt h-channel selectors (e.g., WDMs 22, 28)

are coupled into respective single receivers R instead of into two
separate receivers, for each channel. This 313 enbodinent requires no
switch and/or software for 25 choosing the right receiver. Each
node further includtiguresngc c2d ceagpiiriengwa-vay switichesbScand & powsr, br eak

]E)et ween two godest(anpt;qot.ro,,d,etafgﬁél&&sbaﬂ,omﬁ ﬁh&gg%?gcﬁ ni,p a node
rom a irecti a.loss_of a

direction. These t%'ﬁﬁf‘ﬂdﬁ)ayss‘b?h d’&t prote r%%‘gl’?ﬁfe t hen
used in control | i ndreaksninyenly the fibepemll: rhpvingitbehdetectior dbnt i i S
centralized or s proteet. M@% lsingie. £6er HredRhi §L Deta\%!‘éalé*l are

Si aII|n
com om0t G e AL ATES S B P pord Ao e
PCT/ SE96/ 00441 be configured according to Figure 2d}iwhich shows a
network having nodes that each include two switches S
and two power, or pilot-tone, detectors D, each detecto;
10 being connected in front of a respective switch.

Before a break occurs, a first node has the switch
on its right side shut off and the node immediately to
the right of the first node has the switch on its left
side shut off. All other switches are in the

15 transmitting (on) position. If a node loses all
channels from one side, i.e., the power coming from one
side of the node is lost, the switch on this side of the
node shuts off. Since shutting off that switch breaks
both directions, the switch in the node on the other

20 side of the break will also detect a power loss and shut
off. Thus, the switches on either side of a cable break
shut off if the power disappears, ensuring that a break
in just one fiber will be noticed.

For example, referring to Fig, 2d, assume that

25 initially switch S on the right side of node 1’ and
switch S on the left side of node 2’ are off to prevent
circulation of ASE. If a cable break occurs between
nodes 3’ and 4’, the detector D on the left side of node
3’ and the detector D on the right side of node 4/ will

30 detect the break. sSignals will be sent along
connections 7 to cause the switch S on the left side of
node 3’ and the switch S on the right side of node 47 to
turn off. Nodes 3’ and 4’ will then communicate with
nodes 1/ and 2’ and cause the switch S on the right side

35 of node 1/ and the switch S on the left side of node 2’



managenment circuit 40. Figures 2c and 2d depict locally controlled
networks. In |ocalty—control | ed networks, -—si-gnal | i ng between nodes is
controlled by electronics wi thin each node. 5 For a network
havi ng centralized node control, it is first detected which channels
are | ost, arwiobén2me?i t I's determ ned where the break HXI/SEQ@A41cd.
Next, the bl ocking (off) node switch is opened (turned on), and

the node switch that is on the same side as the cable 10 break is cl osed
(turned off). As depicted in Figures la, I'b, 2a, and 2b centralized
node control networks must include one two-way switch in each node.
One way of detecting if a channel is presenfy or not IS to superinpose
a pilot tone on the channel. As 15 illustrated in Figure 3, a node can
then easily ext ram turn ohheiphhntb;tm oramordpiidt doneBeosByng! by

means of a eﬁ%FL r, including some sinple
el ectroni cs. The det e(&té’(r)r |na | ‘Eﬁrquﬁgi'{;giga%g&lm al’i)sence of optical
power or the presence with |inventione whemmel s in
one of the fiber scalles break baeln:b,ortmhpda eriginylayt haeifg, te@o of the
opti cal eowm&ﬁt}e(slgfﬂwﬁéxfmbﬁueiw sWiichCbng 2 pilot

tone is disclosed In sport Net wor k Layer
Based on Opti cal EP@H{E‘PR)S mﬁiEéEnZS"g the nodgaswitelnter . vol .
LT-11, pp. 667- GMWJuaéjacent 1202he cablé hmmenuneratf:,d ﬁ}ﬁ e by

ref er ence. 1attaE-”§Beiﬂsﬂ'eaa I%.Jaﬂk iﬂnﬁotlﬁ‘ fﬁ%@'ﬁkﬁs separ e channel

channel can be used for gctlggra cab br ea

can be a | owbit ‘P&”{'e‘cﬁ'&ﬁn $ Prayiged t§6 cap change,dts; starting aadded to
detect the channeitopping point Ajependingapnofheiss ecicableabredit oduiesk i s by
detecting the ASh @‘msheaamm&e A3"Rhat’ hbYe Wk Ehed npde Slﬂag:dee,fé Ilhe gegode

| oses all channel.s om Into t ®Rode at
whi ch the switch ¥ f‘gg °‘B£§Ml §"f’o§i ﬁé’%tﬁeﬁsmn@rmcmq ur ns
of f, and can remain in the same operating condition as before the
break.
15 Since the optical bandwidth of the network is

limited, it is desirable to keep the number of regquired
wavelengths to a minimum. Waveform reconfiguration
permits wavelengths to be re-used, thus reducing the
number of required wavelengths in the network. If a

20 reconfiguration of the wavelengths is permitted when a
cable break occurs, the required number of wavelengths
decreases from M(M—1)/2 to (M*-1)/4, where M is the
number of nodes. (Of course, if the number of nodes is
even, the required number of wavelenghts would decrease

25 from M(M-1)/2 to M/4). By re-configuring wavelengths,
the number of nodes in a network can be increased
without increasing the number of required wavelengths.
This allows for large growth of the network to service a
greater number of users.

30 Wavelength reconfiguration can be done by utilizing
either tunable lasers or extra lasers in the nodes.
Tunable lasers permit selection of particular
wavelengths as carriers for particular respective
information, and tunable filters, such as the add-drop

35 filters described in more detail below, are useful as
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12— —Tthe node starts sending a pirot tone 1N one or nore of Tne
channels for telling the node that was originally switched off to turn
its switch on. In locally controll ed networks such as those 5

i1l ustrated woobysr es 2c¢ and 2d, decisions are nade at PCT/BESS0M4hode,
and the status of the entire network does not have to be known to take
action. Figure 2c shows a network having locally controll ed nodes,

Wi th one switch S in every node and a power or pilot-tone detector D
10 di sposed in front of each switch. A detection result of each
detector Dis sent to a respective switch $%ia an el ectrical

connection 7. Each t ak trated i i gure
) The WrITIRA-sRIREIVE aembhte, o $4 Rananiy, 28p80s For | )
one node has its selecting thesparticular wavelengths odt ithe xmgeiving he
other swtches argndp vbing tuhaBlé Ziltdls a8Nth@Oseldctivrs 22232088 | Oses

e CRL TR e iy U gt

or| ginal ly shit othannelsobycthecfilters and getechiomaf shenghsnhedlsnby s on
side but' detects gjg@rfgaeivm Sofedtted HO tHel PiDedrss Oof f side fromthe

node that has er gf n ri,ginal ly shut |
off turns its switch (l#]“’%%ﬁs %—g xngcﬁﬁ?tgé%?v\gg&éif@ f\é\'aida B‘gégare in this
way re-establ i shefiilters for a metwark As described akpves FThe add-drepne

t hat SWi tch ﬂlmdeplctm inigigures Qa+dtandEGite ABEpéphit

cireulating. Jbf argable dy Saé?w?%f&h%gp%&“@%Qpﬂfgfsin%omatio%ngaérieoé he
on a particular wavelength and adding different
information carried on the same wavelength.

Figure 4a shows an add-drop filter that includes an
optical circulator 50 and an adjustable fiber Fabry-

15 Perot etalon (FPE) 52. A receiver R and a transmitter T
are coupled to the fiber FPE 52 by a suitable device
such as an optical splitter 54. Of course, a single
transmitter or receiver could be provided after the FPE
52. The optical circulator 50 propagates wavelength

20 channels from port to port in a conventional way, and
the FPE is adjusted to pass a selected one of the
wavelength channels. In Figure 4a, information A3
arriving at the node is passed through the FPE 52, which
is tuned to the wavelength A3, to the receiver R and is

25 replaced by departing information A3 emitted by the
transmitter T that passes through the FPE 52.

Suitable optical circulators are commercially
available from several manufacturers, including the
model CR1500 made by JDS Fitel. The Pabry-Perot etalon

30 may be of a commercially available type, such as the
FFP-TF made by Micron Optics. Fabry-Perot-etalon
filters exhibit high levels of stability and
performance, ease of tuning and locking ontc a given
wavelength, and small, rugged packaging, which makes

35 them ideal for WDM applications. The above-cited paper



30 and a signal wll be sent along connection 7 to cause the switch

S in node 4' to turmoff—Node 1' wi | deteet channeks—from nodes 2'
and 3' fromits on side and detect a channel conmunicated from node 4
fromits of f side, causing the switch Sin node 1' to turn on. 35
Local | y contwe$da2es?net wor ks such as shown in VWO ISITEEFE00441

PCT/ SE96/ 00441 13 Fi gures 2c,
2d require two-way switches S and a power, or pilot-tone, detector D
in front of the switch in every node. Such networks will not protect
agai nst breaks in only the fiber not having the detector D. To 5
protect against a single fiber break, i.e. gga break in j ust one
direction along fiber 5 or fiber 6, a node can be confi gured

according to Fi guse czdu.v\uii.nenmla describes whils iavmogendekslX lamti each

i nclude two swt %fﬂj £§°JM | ot -tone, detectors D,

each detector .18n§§é| g connec ed 1N frontro a respeitlve sW t ch.

Before a break occurs; H“FFr gtesAn Afd-drop filter, that uses e

shut off and theﬁh&t gratings ol the performande afi gfhtlchfi_shéeécrﬁtedﬂdde has

the swtch ongi S:g:eef fbove-cited PaptitbyOyl -wfldand! BR ag\i tRbESIATC 1N the
t

15 transnmitting pos tion oses _al anpel s from

one side, i.e., H??Ef1§?bﬁ?gﬁ€°n°° %EPdSiGFth%n § &1 ost
the switch on thicptiicad circhmator 50, a receiver R, a transmitter T,

and a device such as an optical splitter 54 arranged in
a manner similar to the filter illustrated in Figure 4a.
10 Instead of the FPE 52, three fiber gratings 56, 58, 60
collectively act as a simple band-pass transmission
filter for passing the carrier wavelength A3. Each of
the gratings 56, 58, 60 rejects a wavelength, and
together they reject all channels not used in the node.
15 The desired wavelength A3 passes unaffected between the
grating stop-bands. In Figure 4b, arriving information
A3 passes through the fiber gratings to receiver R anad
is replaced by departing information A3 that passes
through the fiber gratings and is added to the channels
20 A1, A2 and M.

Fiber gratings are simple, insensitive to
polarization, have flat pass-bands, and are compatible
with optical fibers. Fiber gratings also exhibit
outstanding cross-talk performance, which makes them

25 particularly suited to WDM optical communication systems
that typically reguire small channel spacings.

Figure 4c illustrates another embodiment of an add-
drop filter that includes twe three-port FPEs 62, 64,
each of which captures optical power rejected

30 (reflected} from the etalon so that the third port acts
as a tunable band-stop or notch filter.

A three-port FPE is an etalon having one in-port
and one out-port on one side and one out-port or in-port
on the other side, as depicted for example in Figures Sa

35 and 5b. The FPE 62 in Fiqure 4c has two in-ports, one



node shuts off.

diTecti onsTthe swtcirim t he node—ormrrieotrier—20———srde—of—the—treak

Since shutting off that switch breaks bot h

w |l also detect a power |oss and shut off. Thus, the switches on
either side of a cable break shut off if the power disappears,
ensuri ng t hatwoeossemsak in just one fiber will be noti CRCI/SES6/00441

For exanple, referring to Fig. 2d, assune that 25 initially swtch S on
the right side of node 1' and switch S on the left side of node 2' are

off to prevent

nodes 3' and 4',

det ect or

Signals wll

circulation of ASE. If a cable break occurs between
the detector D on the left side of node 3' and the

D on the right side of node 4' w4y 30 detect the break.
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and cause the sw
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which is described in the above-cited paper by J.E.
Baran et al. that is incorporated here by reference.
The AOTF acts as a switch that directs nearby channels,
simultaneously and independently, to either of two
ports. The AOTF distributes channels by flipping the
polarization state of a carrier having an optical
frequency that is a multiple of an applied sound
frequency Rf. Optical channels having frequencies that
are multiples of the applied sound frequency Rf are
directed into one port of the AOTF, while other optical
channels are directed to the other AOTF’s other port.
In Figure 4d, the applied sound frequency Rf is assumed
to contain a frequency corresponding to wavelength A2
and a frequency corresponding to wavelength A4 so that
arriving old information A2 and A4 is directed into the
same output port and channels Al, A3, AS are directed to
another output port. At the same time, departing new
information A2 and A4 that is provided to another input
port of the AOTF is directed to that other output port.
The AOTF is uniquely suited for WDM applications
because it can simultaneously route many wavelength
channels, selected substantially at random; except for
the relationship between optical frequency and applied
sound frequency, there is no constraint on the order or
adjacency of the selected wavelengths. Integrated AOTFs
are not yet commercially available, although AOTFs can
be made of commercially available discrete components.
Other ways of implementing an add-drop filter can
be used, as shown in Figures 4e and 4f. The simplest



transmtting (on) position and the node switch (or swi t ches) adj acent
to the cabl e break—shuts—off, the | att er—to—ensure a break in both
directions. In this way, a bus is provided that can change its
starting and 10 stopping point dependi ng on where a cable break occurs.

A great adwppbgsgss S t hat none of the nodes are isolated Pcrm’fl?“flhe cabl e

break, and all transmtters and receivers can remain in the sanme
operati ng condition as before the break. 15 Since the opti cal
bandw dt h of the network is limted, it is desirable to keep the
nunber of required wavel engths to a m ni mum Waveform reconfiguration
permts wavel engths to be re-used, thus rggucing the nunber of

requi red wavel engths in the network. If a 20 reconfiguration of the
wavel engt hs is pgiyitd add\eRénrels to adlflibebrtmio user srdihsry equired

nunber of vavel & g@iﬁuf, (B SR 18 7 ﬁf t%&%@i&:&/ 4, where

Mis the cour se nodes is

even, the requi r&t Wrréﬁ“’&'\ﬁvﬁ §°§Da? FeTHRM M 1)/ 2
to Merr]/4). aor&mhl urrﬂgawmﬂ.gngths, fibuththm 56, 158Jes in a

network can pe i h#‘;;#;,u n u r S5 1 ed
wavel engt hs. Q 9&1'?"2%61?1’“ or atrthg e&owt Jﬂfwesannge r%to service a
greater nunmber oln Bigure 4§. An i gﬁ ? ¥D @Mde done

by utilizing also tHecsbdnabl e Iasers or extra Iasers in the nodes.

Tunabl e | asers perm tl}esﬁﬁﬁ&'% erlythi thifires higid b}gg*gggﬁmc@s“aa.r riers

for particul ar respective ormati on,_.and tuna lters, such as

t he add-drop 35 4rqQR Iﬁcléﬁgrﬁesé%d’q ﬁhﬁofglmsdﬁesggﬁ. abave JaY| as
WO 96/ 3278710 need further development before thePGMSE%/ Pe41

required demands.

Applicant’s FBDNA solves the problem of protection
switching of the traffic in an optical network in an
easy way by combining the advantages of ring- and bi-

15 directional-bus structures. Since the FBDNA is
optically a bi-directional bus, it also solves the
problem with circulating ASE. The FBDNA requires few
and not very advanced components and is therefore a good
economical approach to communication.

20 Wwhile particular embodiments of Applicant’s
invention have been described and illustrated, it should
be understood that the invention is not limited thereto.
This application contemplates any and all modifications
that fall within the spirit and scope of Applicant’s

25 invention as defined by the following claims.



i5 wavel engt h- sel n t he tunable | asers for
selecting the partrcula m%liﬁ“mg e recerving end, usIng
tunable filters as the selec *1 N Figure 1b provides

si mul t aneous sel ection of desired 5 channels by the filters and

det ecti on ofWQ@9ES2I®Tannel s by the receivers connect ed PCG/SBI0GHY t o s,
Figures 4a-4f illustrate exanples of add-drop filters for a network as
descri bed above. The add-drop filters depicted in Figures 4a-d and
Figure 4f permt 10 re-use of a wavel ength by dropping information
carried on a particul ar wavel ength and addi ng di fferent

information carried on the same wavel engt h19 Fi gure 4a shows an
add-drop filter EES%’épcludes an optical circulator 50 and an

adj ustabl e fiber Perot etalon (FPE) 52. A receiver R and a
transmtter T ark. colt eptical htibemgommunisatign petworkyferdevi ce

such as an opti C%kaﬁ&iﬁﬁﬁg IhforhatLon S6h vavelefigth chanddla)sm tter or
recei ver could be r§¥| | after the FPE 52. The optical circulator 50

pr opagat es mavel ® channels fromport to port in a conventional
way, and 5 t he FPRicaki® bovdng: twe epticalc fdbexs; one of the

wavel ength channel s. 4 rpyur@iey4 af MWtbar Xhe calﬁbr,l ving at the
node i s passed t the FP al ngth
[err]3, to the rg g‘{e}' aﬁ'&g r ep’?ga“le %ﬁgéj{r for ma§| on
[err] emtted byapﬂecable ﬁqxansnbiré#rqc##qaalpﬁgses through the FPE 52.

Sui tabl e opti cal Ci I chidatie)l ToR’ @a6R MG, Fdr) select g ivaviilengtAm sever al

Fabry- Per ot 10t ol BRedfd1¥ il Sach pod® For TxhulhifBIfy YarbrRabsbls ([0
t he FFP- TF made Q);lerélléﬁYopf rede WPEP oPnetfarogach node)ters
exhi bit high | evghéréin Evaityl hbileadwitch butcbher i8nDe arcdnepebitishng and
'rrgﬁg'sng Onto a GhLyLRstring VRUREEISEfon BY 19 FRrhat {404 RAGKAGEAY: Which
switch is in an off position blocking transmission of
15 information;
means for detecting a break in the cable; and
means for switching, in response to detection of a
break, the node switch that is in the off position to an
on position and the node switch in a node adjacent to
20 the break and on the same side of the node as the break
to an off position.
2. The network of claim 1, wherein each node
includes at least two receivers and one transmitter for
- a respective wavelength channel.
25 3. The network of claim 1, wherein each node
includes at least one receiver and one transmitter for
each wavelength channel.
4. The network of claim 1, wherein the wavelength
channel selecting means includes wavelength
30 reconfiguration means for permitting re-use of a
wavelength, the wavelength reconfiguration means
reducing a number of wavelengths used in the network
from M(M-1)/2 to (M*1)/4, where M is the number of
nodes.
35 5. The network of claim 4, wherein the wavelength



oot to oo WM i, o

16 by C M Mller et al. describes this in nore detail and S

i ncorporated here by reference. Figure 4b illustrates an add-drop
filter that woees27e7 fiber gratings, the perfornmance of vincEsEssanssiescri bed
in 5 the above-cited paper by V. Mzrahi et al. that is I ncor por at ed
here by reference. The filter includes an optical circulator 50, a
receiver R a transmtter T. and a device such as an optical splitter
54 arranged in a manner simlar to the filter illustrated in Figure
4a. 10 I nstead of the FPE 52, three fibegggrati ngs 56, 58, 60
collectively act as a sinple band-pass transm ssion filter for passing

the carrier wavelracpnfipgaration meansofincludes ren grad-degp BO1téB, the rej ects

a wavel ength, an 0 éjﬁ§% Lec I n n ] .the

node. 15 The de%drd‘gr\?gvgﬁégﬂth rri]Q S aés%‘gsétunet fggtkgﬁ gtg?im{g%'%dt %8

grating stop- ban(ﬂ?t(iFﬂlFFgﬁ?‘é&ﬁﬂ apd; 3 FRPryTRATAL efalon, an apfifad;sses

t hrough the fibercigcallatgs amd ree ddiberr gRating, two ithreepperted by departing

i nformation [rr] bepaeSféu ng, RaCHA addiftd-0pt18" Byl Gy S added
err|1, errcﬁ 2 'an f‘g ﬁ4.

to the channel s %& rr | ber gratings
are sinple, insersi éto pol ari zati on, have flat pass-bands, and are
conpati bl e with 6pti chindéthodr of Eramsmittdriondatermationidn t

wavelength channels in an optical fiber communication
network having a number of nodes and a cable including

10 two optical fibers, the nodes being arranged in a ring,
the nodes and cable forming a bi-directional bus, and
each node including one node switch, the method
comprising the steps of:

selecting wavelength channels in each node for

15 transmitting information;

setting every node switch but one in an on position
permitting transmission of information;

setting one node switch in an off position blocking
information transmission;

20 detecting a break in the cable; and

when a break is detected, setting the node switch
that is in the off position to an on position, and
setting the node switch in a node adjacent to the break
and on the same side of the node as the break to an off

25 position.

7. The method of claim 6, wherein the step of
selecting wavelength channels includes the step of re-
configuring wavelengths in the network to permit re-use
of a wavelength to reduce a number of wavelengths in the

30 network from M(M—1)/2 to (M%1)/4, where M is the number
of nodes.

8. The method of claim 7, wherein the re-
configuring step includes the step of add-drop
filtering, the step of add-drop filtering being

35 performed by one of the group comprising an optical



out standi ng cross-tal k performance,. whi ch makes them 25 particularly
sti-ted t o—vBMoptical ?ﬁtm.m‘ll “"I “ﬂ"ﬁttems that typically require
smal | channel spaC|ng A [ e 4c illustrates another enbodi nment
of an add- drop fllter that i ncludes two three-port FPEs 62, 64,
cREEABISPMAL ¢ he

each of whiwdoegspgures optical power rejected 30 (refl
etalon so that the third port acts as a tunabl e band-stop or notch

filtef. A three-port FPE is an etal on having one in-port and
one out-port on one side and one out-port or in-port on the other
side, as depicted for exanple in Figures 5a 35 and 5b. The FPE 62 in
Figure 4c has two in-ports, one MQ 96/ 32787

17 on each side, as in Figure 5b. In &|gure 4c, the three- port

Forr] emtt Egegyt"t&f?ﬁ'\@%@ﬁ' SRY1Y Pubiy-pupde Utalon, afcBgelung |11 01 TR ION
5 - Figure a%er and f&h@ﬁ Fﬁ‘e &‘3@ #PEF%B@Q ?ﬁ"gﬁ' .

acousto-optic tr&n&whsatamoﬁ:Jtand @ﬁCEEbustomnpﬁic transhissiors tlateri.bed i n

t he above-cited paper ghy J ticalBiiBQrQé 3°hsnégﬁ9ﬁpq&&ted her e
by reference. The , Al as swtch t at rects nearby channel s,
10 si ml t afeoudEpramitE ﬁ%p@?ﬁ?é'ﬁ[‘tg‘mtﬂne‘l'ﬂ 1840rts. The
ACOTF dlstrlbutescmhmmﬁsﬁaqby flipping the polarlzation state of a

carrier having an opt yaCghble having two optical fibers;
a plurality of nodes connected by the cable, the
nodes being arranged in a ring and the nodes and cable

10 forming a bi-directional bus;

means, for each node for selecting wavelength
channels in each node for transmitting information;

a plurality of node switches, one on each side of
each node, wherein a first node has a first switch on

15 one side in an off position and a second node adjacent
to the first node on the same side as the first switch
has a second switch on that same side in an off
position, the first and second switches blocking
transmission, and every other switch in an on position

20 permitting transmission of information;

means for detecting a break in the cable;

means for switching, in response to detection of
the break, the first and second node switches that are
in the off position to an on position and the node

25 switches adjacent to the break on both sides of the
break to an off position. |

10. The network of claim 9, wherein each node
includes at least two receivers and one transmitter for
a respective wavelength channel.

30 11. The network of claim 9, wherein each node
includes at least one receiver and one transmitter for
each wavelength channel.

12. The network of claim 9, wherein the wavelength
channel selecting means includes wavelength

35 reconfiguration means for permitting re-use of a



frequency that is a nultwa“ sound frequency Rf. Optica
channels havi ng fréQUEﬂbl ﬂ” Il"m“nl,ui | tTptes of the—apptdi ed sound
frequency Rf are directéd +nt®d one *port of the AOTF, while other

dptical channel s are directed to the other AOTF s other port. In
Figure 4d, twe9osp®i ed sound frequency Rf is assuned PCE/RESHOMIN a
frequency corresponding to wavelength [err]2 20 and a frequency
correspondi ng to wavel ength [err]4 so that arriving old information
[err]2 and [err]4 is directed into the sanme out put port and channels
[err]1, [err]3, [err]5 are directed to anot her output port. At the
sane tinme, departing new I nformati on ?%rr]z and [err]4 that is

provi ded to anot her |nput 25 port f the AOTF |s d| cted to that other
out put port. wavel AbP-vaYe IRPCORTAgUration\Bans,| i cati ons

because it can srsdu¢iwmea siupberudt mqlemhengw in thechatwekk, sel ected
substantially atg ﬁgﬁe 1) /4 ;,Qg,ﬁ sNhimb&d n optical
frequency and ap ?ﬁﬂgﬁgﬁ- & ?requénéy e?gq%gQﬁo %onstrgﬁﬁt on the

order or cy of the sel ected wavel engths. Integrated AOTFs
are not yet sormerm aly o hahhe:kad»th:h}lm AQ]Fehexrwin the be nmade of

commercially avaj, @g%gnﬁ %eans includ Chaid ﬂ? |
i mpl ementi ng an aé ro |Iter c n ie as s own I n Flgures 4e and
4f. The sinplest 9p Ailt er’ belng’ one of the group
PCT/ SE96/ 00441 camprising an optical circulator and a FKabry-Peroty to add
channel's to a fiQgh1ér, ldh $peithY S8Fdulator and a fiber grating, two
10 three-port Fabry-Perot etalons, and an acousto-optic
transmission filter.

14. A method of transmitting information on
wavelength channels in an optical fiber communication
network having a number of nodes and a cable including

15 two optical fibers, the nodes being arranged in a ring,
the nodes and cable forming a bi-directional bus, and
each node including a node switch on each side of the
node, the method comprising the steps of:

selecting wavelength channels in each node for

20 transmitting information;

setting a first switch on one side of a first node
in an off position and a second switch in a second node
adjacent to the first node on the same side as the first
switch in an off position, the first and second switch

25 Dblocking transmission of information;

setting every other node switch in an on position
permitting transmission of information;

detecting a break in the cable; and

when a break is detected, setting the first and

30 second node switches that are in the off position to an
on position and the node switches adjacent to the break
on both sides of the break to an off position.

15. The method of claim 14, wherein the step of
selecting wavelength channels includes the step of re-

35 configuring wavelengths in the network to permit re-use



coupl ers 66, 68 as shown | |§ # “ e add-drop filter of Figure
4e does not permt wavel iigmv L TO De abteto re-use———
wavel engt hs, fi ber gratih@ L '* 60 are placed between the two

couplers 66, 68, as shown in Figure 4f. An integrated Mach-Zehnder
filter coul dvo9ems278r so be used. Re- usi ng wavel e RETHEIWE] r es

hi gh- per f ormance add- drop filters. Sonme of the filters described
above may 10 need further devel opnent before they fulfill the

requi red denmands. Applicant's FBDNA sol ves the probl em of
protection switching of the traffic in an optical network in an

easy way by conbining the advantages of ri@8- and bi- 15 directional bus
structures. Since the FBDNA is optically a bi-directional bus

al so sol ves the ©f a Wavslength it E’Pﬂt‘ﬂ?aﬁl TEOL THR F@S few

and not very advaetewdrkofrod M(M-1)7d to (We1pfe; afer@odriis thecnwmised Cal
approach to CO”"%&'%%E?Q”- 20 Wil e particul ar enbodi nents of
Applicant's I'nventt on have been described and illustrated, it should

be understood that tha6in/Eha methed agiclaim 154 wherein the re-Th s
applicati on @®nt eemtdgasing stapd iacludesdi d isteip ofiSadd-drdgailitaing, t hi n

the spirit and SqageOln ARPlfaRlod E1eetfHPRRIRY HirfSHd by bnb Ee

foll owi ng clains
PCT/ SE96/ 00441 ‘the group comprising an optical circulater and a Fabry-

Perot etalon, an optical circulator and a fiber grating,
two three-port Fabry-Perot etalons, and an acousto-optic
10 transmission filter. '
17. The network of claim 1, wherein the wavelength
channel selector means includes an add-drop filter, the
add-drop filter comprising optical couplers and filters.
18. The method of claim 6, wherein the step of
15 selecting wavelength channels includes the step of add-
drop filtering, the step of add-~drop filtering being
performed by optical couplers and filters.
18. The network of claim 9, wherein the wavelength
channel selecting means includes an add-drop filter, the
20 add-drop filter comprising optical couplers and filters.
20. The method of claim 14, wherein the step of
selecting wavelength channels includes the step of add-
drop filtering, the step of add-drop filtering being
performed by optical couplers and filters.
25 21. The network of claim 1, wherein each node
includes optical preamplifiers.
22. The network of claim 9, wherein each node
includes optical preamplifiers.



1. An optical fiber comrunication network for transn1tt|ng

i nfor nat i on_on Wavel engt h channel s, COMPT =St a—cabl-e——
having two optical fibers; a plurality of nodes connected by the
cabl e, wherein the nodes are arranged in a ring, and the nodes

and cabl e f owowens2387 di recti onal bus; means, for PepsEssoudss, for
sel ecting wavel ength 10 channels in each node for transmtting

i nformati on; a plurality of ndd& swi tches, one for each node,
wherein every node switch but @Re—is—---an.on position permtting
transm ssion of information afd one node swrtch—Ts—T1memrof+f puait%E
bl ocki ng transm ssion of 15 I nformati on; nmegns for detectll g
break in the cable; and means fof switcghing, §n response to

detection of - a r eak e mede twi te ]t 16 | e~Qf f podi tion jtfa
an ’ on position aig—ke node mﬂw--mx&m': t he Qrigak
and on the sane side o'sthe e as ghe of f Qi\t i on.

2: The network of clhlmi1, *’réln each ﬁ@ﬂé3 elncﬂﬂﬁét at%l-.st t WG

receivers and one trghsmtter for a respective wavel engt h |G nel } {45
3. The network of cjjpim 1, wherein each node includsﬁ 3& St ofe
receiver and gpe transmtter for cadldvel engt h chamigl 4,
The network of® cTarnf{l, wherein the channel selgddt}i ng mgdns
i ncl udes wavel ength (30 reconii Witing re-jyse of {3
wavel ength, the wavelength ; duci ng g jnunbey |qf
wavel engt hs used i n jt Ne—kejwos; afata tdh) [N /4, whene
Mis the nunmber of nqdes. S ‘5—34 The met r 4,
wherei n the wavel engt\R OFF
& ii XN
R RIR 32
TT7
FIG. 1a 40— RETHORK -— oy
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WD 96/ 32787 PCT/ SE96/ 00441
26— teconfi gurati on-neans i nctoges—amadd-drop fTiter,—the
add-drop filter conprising one of the group including an opti cal
Circulator and a Fabry-Perot etalon, an optical circulator and a fi ber
grating, twvgdsmamsport 5  Fabry-Perot etal ons, and an PCEHSEWHOMIL | C
transm ssi on filter. 6. ,Amethod of transmtting
i nformati on on wavel engt h channel sin an optical fiber comrunication
net wor k havi ng a nunber of nodes and a cable including 10 two optical
fibers, the nodes being arranged—TTma TTTT; the 1odes _and caple
formng a bi-directional bus, fand eachp node i ncl udfrg—ere—node—swhtigh,
t he net hod conprising the¢ steps of: sel egti ng wavel engt
channel s in each node fsor 15 §transmjttingtinformation; 5 settilrlg
: )

every node switch but_dne_j S0__30Si 4 D g tgansm ssi ¢n jof
I nformati on; e—mrothe o gsTtToR N\l ockilng

information transnffssi @n; 2D f ete 0 a lpgreak he gabl &} and
when a break is ddtlected, JE¥idg the u""~ 'tc? NODE ot ig in{the Off
position to an on jgosition, and setting the node switch in ngde
adj acent to the brigak and on the sane side of the node.,as h e reh; to
an of f 25 pHBitfo 7. The m¥fgqd of claim6, rald [ he $tle

of sel ecting 1 tep of re-
configuring wavel grigths in thenhetwpgkagoggermt_re-use

wavel ength to redude a nupseVs o i o $he
° VP A

P gt
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30 network fromMM1)/2 to (Merr]- 1)/4, where Mis the nunber of

nodes. 8. Themethod of clraim 7, whererm the re-
configuring step includes the step of add-drop filtering, the step of

add-drop filtering being 35 performed by one of the group conprising an
opt i cal WO 96/3718Y 96/ 32787 BCT/SESsi00a41

PCT/ SE96/ 00441 3/5 21 circul ator
and a Fabry-Perot etal on, an optical circulator and a fiber grating,
two three-port Fabry- Perot etal ons, and an acousto-optic

transm ssion filter. . An optlcal fi ber conmuni cati on network
for 5 transmtting |nfornat|on onF%L) gagg channel s,

conpri si ng: a cabl e having"'t | fibers; a

plurality of nodes con
in aring and the node
nmeans, for each node f
for transmtting in

eF by the cabl e, the - hodes bei ng arranged
‘Jzﬂﬂgiiiil—_izgzi:jiégg =directional bus;
ecti ng wavel engt h channdl s in each node

| HN; 'Sy of nd es, one

on each side of eactrhode, !FEI‘EI n E;’gfl rst mMode hasja first w tch on
15 one side in af}off pos and a secdnd node a nt t he
first ndde on the $ame side @ﬁgﬁe first swtch ﬂ%ﬁgg a secondlsw tch
on that sane gfde {p an off position, the first and second siitches
bl ocki ng S
3
3 VA 5 7>
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FIG. 2d
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tfansni ssion, and every other switch in an on position 20 permtting
transni ssion of information; means for—det ecti ng a break—n-the
cabl e; means for switching, in response to detection of t he
break, the first and second node switches that are in the off position
to an on posi‘!’?&ﬁ”&ﬂd the node 25. swi tches adjacent to thecCusEsesesan bot h
sides of the break to an off position. 10. The network of
claim9, wherein each node i ncludes4#t | east two receivers and one
transmtter for a respective wavel ength channel. 30 11. The
network of claim9, wherein each node i ncludes at | east one receiver
and one transmtter for each wavel engt h channel . 12. The
network of claim9, wherein the wavel ength channel sel ecting neans

i ncl udes wavel ength 35 reconfiguration neans for permtting re-use of a
WD 96/ 32787 PCT/ SE96/ 00441

22 wavel engt h, the wavel ength reconfigurati on neans reducing a
nunmber of wavel engths used in the network fromMM1)/2 to
(Merr]-1)/4, where Mis the nunber of nodes. 5 13. The
network of Claim 12, wherein the wavel engt h reconfigurati on neans

i ncl udes an add-drop filter, the add-drop filter being one of the

group
FIG. 3

/

5%
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FIG. 5q FIG. 5b
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conprising an optical circulator and a Fabry- Perot etal on, an opti cal
crrcul ator and a fiber grating, two 10 three-port Fabry-Perot etal ons,
and an acousto-optic transm ssion filter. 14. A method of
transmtting informati on on wavel engt h channels in an optical fiber
conmuni cat ivee96/32787 net wor kK havi ng a nunber of nodes and a”‘E‘ﬁ’ﬂWﬂcl udi ng
15 two optical fibers, the nodes beingsarranged in a ring, t he nodes
and cable formng a bi di rect i onal bus, and each node including a node
switch on each side of the node, the nmethod conprising the steps of:
sel ecting wavel ength channels in each node for 20 —t-+amenggtin

g
i nformati on; Osett ng a first swtchAriynk3shéieiaf M, hi2; X3, ndkle
in an off posv&o 4'an asie(zn gﬁchlnasecon n-.
the first node &ad*the first SWi t Cl—d

position, the first anesecond switch 25 bl ocki ng t rgas

i nformati on; _J sg?tl ng every other node sw tchgg+_3rxon position
permtting t r anSi 53 i nformation; det egnirt™y qbreak in the
cable; and a break is detected, set% - %rst and 30
second node sWtc t I are in the off positlon a on position
and the node swit dfa‘ent to the break S|ldps of the break
to an off positiom3 3 15. The nethod of cI a| L\| n the step
of sel ecting wavel éngt h channel s includes the ste re-

confi guring waveﬁ‘e‘rl@s 4qthe network to permit re- fgg

96/ 32787 ’ PCT/ SE96/ 00 41
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23

of a wavel ength to redu&ﬂ)a[ﬂﬁhﬁgﬁ 6%‘v&ggﬁg%gths in tthTO

L}536 3

network fromMM1)/2 to (Mert[-1) 74, wWhere M isthemunber
16. The method of claim 15, wherein the re-
configuring step includes a step of add-drop filtering,

add-drop filtering being performed by one of

nddes.
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With international search report.

Before the expiration of the time limis for amending the
claims and to be republished in the event of the receipt of
amendmenis.

(54) Title: OPTICAL MULTICHANNEL SYSTEM

{87) Abstract
A communication
network has a  flexible

(FBDNA) and is arranged
as a ring structure.  Each
node of the network has at
least one on/off node switch,
i, a switch that permits or
blocks transmission around
what would otherwise be
a ring. If the network has
one node switch per node,
one node i

lugely
If the network has
switches per
switches next to cach

of required wavelengths,

NAMCENENT

other in neighboring nodes arc initially set off, and if a cable break occurs, both node switches around a break
switch off, and the node switches that were initially off switch on. The network provides protective switching of traffic and solves the
problem of circulating ASE in a simple and economical way. The network also permits wavelength reconfiguration to reduce the number




