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are multiplexed onto a single outgoing optical fibre which multiplex is
passively split to each receiver. This invention relates to communications
net-   Each receiver selects the wavelength corresponding works and In
particularto networks in which the trans-  to it by the use, for example,
of an optical filter or a mitters of two or more sub-networks of
transmitters   5   coherent optical receiver. Such a network employing are
connectable to receivers of two or more sub-net-  passive optical
sub-networks requires a central node works of receivers by means of a
central switching  of the same switching power as that using dedicated
node.                                              electrical connections
for the same interconnect pow- In a known Implementation of such a network
the  er. transmitters and receivers are linked to the Input and   io
Another known interconnection arrangement output ports of the central
switching node by means  uses wavelength switching or routeing which is a
sim- of dedicated electrical communications links the node  pie but
powerful technique for providing both one-to- having sufficient switching
power to be able to inter-  one and broadcast connections between
customers. connect a desired number of ports.                 One-to-one
connections simply require each custom- Passive optical networks are
emerging as a   15  erto have a tuneable lightsource connected by a wa-
promising means of providing customers with broad-  velength division
multiplexer. Light can be directed band services, and are economically
attractive for  from any transmitter to any receiver by tuning to an
providing telephony and low data-rate services to  appropriate wavelength.
A fast connection time of 2 customers requiring just a few lines. The
telephony  nsec. has been demonstrated using a cleaved cou- passive optical
network (TPON) shares customer ac-  20  pled cavity [err] laser. Broadcast
or distributed con- ess costs by means of a passive splitting architec-
nections are naturally provided by a star coupler ar- ture to multiplex up
to 128 customers, with current  rangement shown, for example, in patent
application technologies, onto a single fibre at the exchange.
GB-A-2,043,240. Astar coupler splits the optical pow- With such a network
in place, broadband services   erfrom each input port to every output port
so that by could easily be provided by the addition of more op-  25  using
sources of fixed, distinct wavelengths, appro- erating wavelengths. The
first step towards a broad-  priate channels can be selected at the
receivers by band passive optical network (BPON) would probably  means of
tuneable optical filters. This has been dem- be to add just a few
wavelengths, each allocated to a  onstrated using an 8x8 array of
wavelength-flattened particular service such as broadcast TV, video library
fused-fibre couplers and position-tuneable holo- and ATM services, with
each wavelength electroni-  3o  graphic filters recorded in dichrornated
gelatin, to cally multiplexed to provide sufficient numbers of  tune across
the entire long-wavelength window from channels. In the longer term,
spectrally controlled  1250-1600 nm. An acousto-optic tuneable filter has
sources such as DFB lasers would allow extensive   more recently been
demonstrated with about I nm wavelength multiplexing, and the possibility
of allo-  bandwidth, 260 nm tuning range and a channel selec- cating
wavelengths to individual customers or con-  35  tion speed of 3
microseconds. nections, to provide wavelength switching across the  In
common with optical space switches, use of network.
wavelength switching In the local network would en- It has therefore been
proposed to link the sub-  able the full potential of optics to be
realised, by pro- networks of transmitters and receivers to the central
viding a broadband optical switching and distribution switching node by
means of such passive optical net-  40  capability, which is essentially
transparent to the works in which each transmitter of a sub-network
chosen signal bandwidth and modulation format. A transmits information
optically on an optical carrier of  large number of diverse optical
technologies have a fixed, distinct wavelength, the various transmitted
been identified for achieving both space and wave- signals being passively
multiplexed onto a single opt-  length switching in a local network
environment. ical fibre for transmission to the central switching   45
However, both switching techniques have their node. A demultiplexer at the
central switching node  limitations and disadvantages. For space switches,
it would separate the signals according to wavelength  is the sheer number,
and hence cost, of crosspoints and convert each into an electrical signal.
In this way  or equivalent switches needed to interconnect cus- each
transmitter is permanently linked to a distinct,  tomers (from information
theory the minimum growth input port of the central switching node.
Similarly, the   5o  rate that can be incurred is [err]  For wavelength
outgoing connections from the output ports of the  switches the problem is
the limited number of avail- central switching node to the optical
receivers can be  able distinct wavelength channels, which restricts the in
the form of a passive optical network. The outgoing  number of customers,
although this limitation can be signal from each output port of the central
switching  overcome by employing wavelength switches In three node is
converted to an optical signal of a wavelength  55  or more stages of
switching which allows the same corresponding to that which the receiver
associated  wavelengths to be re-used in different switches". For with that
output port is configured to receive. These  space switches, the use of
multi-stage networks can optical signals for the receivers of the
sub-network  never overcome the [err] growth rate. 2    
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discloses a communications     can provide significant reductions In
component network having a central space switch In which all the
quantities by distributing some of the switching task network switching
takes place.                     away from the central switching node to
the connec- The present invention provides a communica-    tion means,
rather than using the conventional ap- tions network comprising a central
switching node   5   proach of performing all the switching centrally in
the having at least two sets of input ports and at least two  exchange. The
switching task is then separated into sets of output ports, each setof
Input ports being cou-  three sages, with the first and thd stages imple-
pled to a respective set of optical transmitters by a re-  mented, for
example, as multiplex switches operating spective input optical switching
sub-network, and  In a distributed manner in the external sub-networks each
set of output ports being coupled to a respective   10  connecting the
central switching node to the transmit- set of optical receivers by a
respective output optical  ters and receivers. Only the middle stage of the
switch switching sub-network, characterised in that each In-  is located in
the central node or "exchange". The mid- putoptical switching sub-network
selectively couples  die stage can be implemented either in the form of its
respective set of input ports to its respective set  space switches or
wavelength switches. of optical transmitters by a switching function which
15  The connections between the transmitters and is capable of coupling
each of said transmitters to at  the Input ports can be achieved by
providing that each least any selected one of said input ports, and in that
transmitter of each said at least one Input optical each said output
optical switching sub-networkselec-  switching sub-network is controllable
to transmit sig- tively couples Its respective set of output ports to its
nals on a channel corresponding to the input port to respective set of
optical receivers bya switchingfunc-  20  which it Is to be selectively
coupled, or that the input tion which is capable of coupling each of said
output  demultiplexing means of said at least one input opti- ports to at
least any selected one of said receivers.  cal switching sub-network is
controllable to couple Advantageously, the central switching node com-  the
signals on each channel to a selected input port. prises a plurality of
switches, there being the same  The connections between the output ports
and number of switches as there are ports In each set of  25  the receivers
can be achieved by providing that each input ports and as there are ports
in each set of output  receiver of each said at least one output optical
ports, each switch having a plurality of Inputs and a  switching
sub-network Is controllable to receive sig- plurality of outputs, the
Inputs of each switch being  nals on a channel corresponding to the output
port to coupled to input portsofthe sets of input ports in such  which it
is to be selectively coupled, or that the output a manner that a given
input of a given switch Is cou-  3o   multiplexing means of each said at
least one output pled to a given Input port of a given set of Input ports,
optical switching sub-network Is controllable to form and in such a manner
that the Inputs of a given switch  an output multiplex of signals on the
associated chan- are coupled to Input ports of different sets of input
nels such that each output port Is coupled to a select- ports, the outputs
of each switch being coupled to  ed receiver. output ports of the sets of
output ports In such a man-  35  Preferably, the multiplexes are wavelength
mul- ner that a given output of a given switch is coupled to  tiplexes In
which the selectivity is achieved by means a given output port of a given
set of output ports, and  offrequency selective devices; for example, on
the in- in such a mannerthatthe outputs of a given switch are  put side,
tunable lasers at the transmitters, or fre- coupled to output ports of
different sets of output  quency selective filters at the input ports; and,
on the ports, and each switch being operable to connect any   40  output
side, passive splitting to tunable filters at the one of its inputs to at
least any one of Its outputs.  receivers, orfixed filters atthe receivers
with tunable Preferably, leastoneofthe inputoptical switching  lasers in
the multiplexing means. sub-networks comprises an Input optical fibre sub-
Other multiplexing techniques may be employed, network for passively
multiplexing signals from the  for example time domain multiplexes, the
coupling of respective set of optical transmitters into an Input  45  the
transmitters and the receivers to respective input multiplexof
transmitterchannels, and an inputdemul-  and output ports being achieved by
altering the time tiplexing means for coupling each channel of the re-
slots to which the transmitters and the receivers are spective multiplex to
a respective input port; and least  allocated, or by controlling the
demultiplexers or the one of the output optical switching sub-networks
multiplexers at the input and output ports, the trans- comprises an output
optical fibre sub-network, and   50   mitters and the receivers being
allocated to dedicated an output multiplexing means for passively
multiplex-  time slots. Ing signals from the respective set of output ports
into  The network according to the present Invention an output multiplex of
receiver channels, the associ-  reduces the switching power needed at the
central ated output optical fibre sub-network coupling the  switching node
for a given interconnect power by de- output multiplex to the respective
receivers, and each  55  volving some of the switchirig function to the
sub-net- receiver being arranged to receive signals from one  works. For
example, In the case where wavelength channel.
multiplexing Is employed by controlling the wave- The architecture of the
network of the Invention  length on which the optical transmitters transmit
their 3    
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central node, it is possible to selectively  Two groups of optical
transmitters [err] are route the signals to any of the input ports of the
set  directly connected to the correspondingly subscripted by controlling
the wavelength of the transmissions.  Input port [err] l = I or 2, by a
respective input connec- Similarly, by controlling the wavelength which the
tion means formed by transmitter sub-networks 12 optical receivers receive,
the optical signals from the   5   and 14, respectively. output ports of a
set of output ports can be selectively  Similarly, each output port [err]
of the two sets of routed to any one of the corresponding set of optical
output ports 8 and 10 is directly coupled to a corre- receivers. Similarly,
if the optical transmitters andre-  spondingly labelled receiver [err] by a
respective re- ceivers transmit or receive a fixed wavelength, the  ceiver
sub-network 16 and 18. demultiplexers at the input ports or the
multiplexers  to  The central switching node 2 is provided with suf- at the
output ports can be made tunable to effect the  ficient switching power to
achieve the required de- switching between transmitters and receivers and
the  gree of Interconnectivity between the transmitters [err] input and
output ports, respectively, of the central  and receivers [err] the details
of which are not shown. switching node.
If switching in a future optical local network were The present invention
also has the advantage of  15  to be undertaken in the same way, i.e. to
transport allowing concentration, that is the use of fewer multi-  customer
signals to a central node or exchange plex channels, for example
wavelengths, with a sub-  where all the Interconnection equipment is
located, network than there are optical transmitters or optical  shared
access over the passive network could be receivers by allocating the
available channels dynam-  achieved by multiplexing in any of the time,
frequency ically to those wishing to transmit orreceive at a given   20  or
wavelength domains. To make the maximum time.
broadband capacity available to customers, the we- Embodiments of the
present invention will now  velength domain Is preferred. be described by
way of example only with reference    Figure 2 shows the physical structure
of a large, to the accompanying drawings in which:             optical
local network, employing passive wavelength Figure Is a schematic diagram
of a prior art com-   25  division multiplexing techniques to transport
broad- munications network; and                        band channels to and
from each customerwhich is ar- Figure 2 is a schematic diagram of a further
prior  ranged to interconnect the same number of transmit- art
communications network using passive opti-  ters and receivers as the
communications network of cal networks to link transmitters and receivers
Figure 1, the identical elements being indicated by with a central
exchange;                   30  the same designation as in Figure 1. All
switching is, Figure 3 is schematic diagram of a oommunica-  again
performed in the central switching node 2. tions network according to the
present invention,  In the network of Figure 2, each transmitter TV is
employing tunable transmitters and receivers   an optical
transmittertransmitting optical signals ata and central space switching.
particular one of various distinct wavelengths each Figure 4 is a graph
comparing ofthe optical cross-   35   corresponding to a communication
channel. The opt- point requirements for centralised space switch-  ical
outputs from the transmitters [err] are passively Ing and
wavelength/space/wavelength switching  multiplexed by subnetworks 20 and 22
onto single fi- according to the present invention;             bres 28 and
30 coupled to a corresponding demulti- Figure 5 is a schematic diagram of a
communica-  plexer 32 and 34 which couples optical signals of a tions
network according to the present invention   40  given wavelength to a
corresponding one of the ports employing tunable transmitters and receivers
[err] Each transmitter [err] is therefore permanently cou- and wavelength
switching In the central node;   pled to a distinct one of the input ports
[err] Figure 6 is a graph comparing the optical cross    Each receiver
[err] Is a wavelength selective optical point requirements for centralised
switching and  receiver. Each output port [err] of the sets of output
wavelengthlwavelength switching according to  45   ports 8 and 10 transmits
an opticalsignal at a distinct the present invention;
wavelength which signals are passively multiplexed Figure 7 is a schematic
diagram of an experimen-  onto single optical fibres 38 and 38 by
multiplexers 40 tal embodiment of the present Invention employ-  and 42,
respectively, which may be formed by passive ing several optical
technologies; and          optical couplers, for example. The wavelength
multi- Figure 8 is a graph showing the selection of two   so  plex is
passively coupled to each wavelength selec- adjacent channels from twelve
by the embodi-   tive receiver [err] each of which selects the wavelength
ment of Figure 6.                              channel to be received. Each
receiver [err] is therefore Referring to Figure 1 an exemplary prior art
com-  permanently coupled to a distinct one of the output munications
network comprises a central switching  ports [err] node 2 having two sets
of input ports 4 and 6 with In-  55  The Figure 2 network shows simplex
operation put ports [err] and [err] respectively and two sets of output
with upstream and downstream directions carried ports 8 and 10 with output
ports [err] respec-  over different passive limbs. The principle can be ex-
tively.                                           tended to duplex,
single-sided operation. Regenera- 4    
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shown) can be used in known   work being numbered for clarity.
mannertorecoverthe signal level ateithersideofthe     The demultiplexer 55
distributes optical signals central switch node 2, to accommodate losses in
the  received from the sub-network 54 to the input ports switch.
Alternatively optical amplifiers could be used  of the set 52 according to
their wavelength, one wa- on the input side of the switch, but not in
general on   5   velength being associated with each of the ports. The the
output side, where wavelength translation may be  tunable lasers 60 of the
transmitters [err] can be tuned needed. Although a suitable wavelength
converter   to the wavelength appropriate to the input port of the would
make use of non-linear effects in optical ampli-  set 52 which it is to be
coupled. flers. The central exchange 2 can be Implemented      The
transrnitters could incorporate other tunable either as a multi-stage space
switch or as a three-  io  sources, for example a broadband optical source
cou- stage wavelength/wavelength/wavelength switch.     pled to the
sub-network 54 via a tunable optical filter. There are many potential
technologies and archi-   Signals from output ports of the set 56 each have
tectures for implementing optical space switches in  associated with them a
distinct wavelength deter- the central exchange. But perhaps the solution
re-  mined by the fixed wavelength lasers 62. These opt- quiring the least
components, and offering the lowest  15  Ical signals are multiplexed onto
the single optical fi- loss, is a multi-stage rearrangeable network.
Studies  bre 58 and passively split to the receivers [err] Each re- have
shown that very large switches could be built  ceiver [err] comprises an
optical receiver64 and a tuna- with these structures, using crosspoints of
only mod-  ble optical filter 66. The receivers Ru selectthe output est
crosstalk performance. Mean losses of 1 dB per  to which they are to be
coupled by tuning the optical crosspoint In a two-sided switch could yield
sizes of  20  filter to the appropriate wavelength. 32,768x32,768 with a 29
dB power budget. The num-      The central switching node, or exchange, 50
is a ber of crosspoints required to connect N inputs to N  known
second-stage optical space switching node outputs with these networks is
having fixed wavelength lasers 68 and space [err] - N + 1  (1)
switches 70. which is very close to the information theory limit  25  It
will be appreciated that devices other than [err]
tunable lasers and tunable filters may be employed If the central exchange
2 of Fig. 2 Is to be imple-  to achieve the selection of the wavelengths to
be mented by wavelength switching techniques, there   transmitted and
received by the transmitters [er] and are unlikely to be sufficient
wavelength channels for  receivers Ru. the switching to be achieved In a
single stage. Gen-  so  The devolution of some of the switching power to
eralising the network of Figure 2 to have N customers  the wavelength
controllable optical transmitters [err] in sets of n transmitters and
receivers coupled to sets  and receivers [err] allows simplification of the
central of n input and output ports by [err] passive optical net-
switching node whilst retaining the same interconnect works the total
numberof wavelength multiplexers re-  power for the following reasons.
quired Is                                     35      The number of
crosspoints needed in the ex- [err]                           change 50 is
reduced by removing the first-and third- stage switches out into the
passive networks, as wa- To minimise this quantity, there is an optimum
num-  velength switches. This allows the tunable lasers 60, ber of tuneable
lasers per switch, namely:         Input demultiplexers 55 and output
multiplexers 59 [err]               40  and tuneable optical filters 66 to
be used simultane- which for N=8192 is 128 (which Is greater than the
ously for both transmission, reception and switching probable broadband
split size of about 32). The mini-  tasks in the local loop. Only the
middle stage of space mum possible number of multiplexers is therefore
switches are required at the exchange 50. With the [err]. (4)
passive networks providing nxn switches (n being the Referring now to
Figure 3, a communications net-  45  split size of the passive networks),
then if we assume work according to the present Invention is shown for
that the n middle-stage switches are constructed as interconnecting N
customers divided Into n sets. It  rearrangeable switching networks, the
minimum comprises a central switching node 50 having N/n sets  number of
crosspoints required is of input ports 52, a respective set of transmitters
[err]  [err] - N/n + 1] = [err] - N + n the transmitters [err] being
coupled to the input ports of  so            (5) the central node 50 by a
passive optical sub-network  Equations (1) and (5) are plotted in Figure 4
for 54 via a wavelength demultiplexer 55 constituting the  an n=32 way
split. It can be seen that distributed input connection means. Only one
Input sub-network  switching provided by the present invention offers is
numbered for clarity. There are also [err] sets of out-  large reductions
In the numbers of optical crosspoints put ports 56 each coupled to a
respective set of opt-  55  required. Fora networkof 8192 customers, and a
split ical receivers [err] by a passive optical network 58 via  size of 32,
only 58% of the crosspoints in a central- a wavelength multiplexer 59
constituting the output  Ised space switch would be needed. Greater savings
connection means, again only one output sub-net-   could be made with
larger passive split sizes, which 5    
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the use of optical amplifiers.  ical coupler 106 and a 2x8 coupler 108
respectively, Referring now to Figure 5, a distributed wave-  thereby
passively multiplexing signals to optical filter
length/wavelength/wavelength embodiment of the    demultiplexers as In the
sub-network 90. present Invention is shown.                           The
sub-network 86 has a passive optical fibre The sub-networks are common to
the embodi-   5   coupler 107 which multiplexes the optical signals ment of
Figure 3, the same parts having the same ref-  from output ports 109 and
110, at two distinct wave- erence numerals. The space switching node 50' of
lengths [err]  onto a single 2. 2km long optical fi- Figure 3 is replaced
by a wavelength switching node  bre 112. The output multiplex is coupled to
receivers 50 including tunable lasers 72 coupled to the sets of  114 and
116 via tunable optical filters 118 and 120 re- input ports 52, and
wavelength multiplexers 74 for  io  spectively, which allow each port 109,
110 to be cou- carrying out the switching in the wavelength domain  pled to
a selected receiver or receivers 114, 116. In a known manner.
The sub-network 90 has a 1x7 monolithic coupler Removal of the first-stage
and the third-stage  122 to simulate a 7-way branching passive network.
wavelength switches out into the passive networks  The sub-network 88
provides a sub-network without reduces the laser and regenerator quantities
to three   15  a single optical fibre portion by means of a 4-port pas- per
connection instead of five, and reduces the num-  sive optical coupler 124.
The channel selection in the ber of wavelength multiplexers to just three
stages,  sub-networks 88 and 90 is by the same means as de- with 2N/n In
the passive limbs and a further n In the  scribed above In relation to the
links 86. Because middle stage, i.e.
fixed-wavelength DFB sources are used, rather than [err]               20
tunable lasers, the routing tasks of the wavelength wavelength multiplexers
overall. Although there is an  demultiplexers in the first stage of
switching of Figure optimum split size n to minimise this quantity    3 are
obtained by means of fused-fibre couplers, fol- [err] for N=8192), the
realistic split size of 32 Is  lowed byadditional tunable optical filters
to selectthe used In Figure 6 to compare equations (4) and (6).  correct
wavelength channels. The tunable optical fil- While the reductions in
wavelength multiplexer quan-  25  ters each employ a compact disc focussing
coil to tities provided by distributed switching would of  move an optical
fibre in a dispersive imaging system, course be beneficial, their costs are
shared between  thus selecting any wavelength across the range many
customers (15 for N=8192, n=32), so thesesav-   1250-1600 nm, with a
half-power bandwidth of 2. 6 ings will probably not be as important as the
40% re-  nm. duction from five lasers and regenerators per custom-  30
There are just two middle-stage space switches er back to the minimum
quantity of three, needed to  125 and 126, each of size 3x3, so that a 6x6
network achieve any form of broadband switching In the spa-  can be
demonstrated overall. Each 3x3 switch 125 tial or wavelength domains.
and 126 is constructed as a re-arrangeable switching Referring to Figure 7,
a small network built to  network (RSN), using three
commercially-available, demonstrate the principle of the distributed wave-
35  single-mode 2x2 changeover switches (not shown). length switching of
the present Invention in a passive  Figure 8 shows two adjacent DFB laser
wave- local network Is shown. The wavelength/space/wave-  lengths being
selected by a filterfrom the twelve mul- length architecture of the type
shown In Figure 6 s  tiplexed channels. The coupling tasks of the wave-
chosen to demonstrate the combined use of both    length multiplexers in
the third stage of switching in space and wavelength switches. The network
has six  40  Figure 3 are also undertaken with fused-fibre cou- passive
optical "limbs", three upstream (80, 82 and  piers. In this small
demonstration network, there is no 84) and three downstream (88, 88 and
90).         need for a third set of regenerators and lasers up- The
optical limb 80 passively multiplexes optical  stream of the space
switches. signals at distinct wavelengths [err] from lasers  Several key
features of the distributed architec- 92 and 94 onto a 2. 2km single
optical fibre 96. A 20-  45  ture are of particular Importance. Firstly,
the concept channel wavelength multiplexer 97 is used to simu-  of re-use
of the same set of wavelengths in the dif- late the coupling of many
different wavelengths onto  ferent passive limbs. To demonstrate this, the
lasers a single fibre. Twelve DFB lasers are multiplexed at  in the
sub-network 80 have essentially the same wa- 3. 6nm intervals in the 1500mm
window by the lasers  velengths [err] as those In the sub-network 84. (not
shown). The multiplex Is then coupled to each of  50   Having Identical
sets of wavelengths in each first- the two input ports of a pair 101 via
respective optical  stage switch like this requires a second feature,
filters 98 and 100 which demultiplex the received mul-  namely that
wavelength conversion must take place tiplex so that one wavelength channel
is received at  before signals enter the third-stage switch (passive each
of the input ports. Each laser 92 and 94 can be  network) lest two
Identical wavelengths couple to- coupled to either input port bytuning the
optical filters  55   gether there. Although direct wavelength translation
to the appropriate wavelength.                    devices might one day
perform this task, it has been Sub-networks 82 and 84 provide two Inputs to
achieved here by simple regeneration to an electrical pairs of inputs 102
and 104 by means of a 4-port opt-  signal followed by re-emission from a
new laser. Two    11                  EP0382431 B1                     12 



signals at identical wavelengths, one from limb 80      put ports (52) and
at least two sets of output ports and one from limb 84, can be switched
through sep-      (56), each setof input ports being coupled to a re- arate
middle-stage space switches to outputs on the     spective set of optical
transmitters [err] ) by a re- same third-stage limb.
spective Input optical switching sub-network An important feature of the
architecture of the   5  (54), and each set of output ports being coupled
present invention Is its capability of broadcasting.    to a respective set
of optical receivers [err] by a The power-splitting nature of the third
stage makes     respective output optical switching sub-network the passive
optical network ideally suited for broad-   (58), characterised in that
each input optical cast (one-to-many) connections. By simply allowing
switching sub-network (54) is adapted to selec- more than one optical
filter to tune to the same wa-  10  tively couple its respectivesetof
inputports to its velength simultaneously all the customers on a limb
respective set of optical transmitters [err] by a can receive the same
signal. Furthermore, in princi-   switching function which is capable of
coupling pie, any transmitter (customer) could become a ser-     each of
said transmitters [err] to at least any se- vice provider to any number of
customers, by using      lected one of said Input ports (52), and in that
the same power splitting mechanism in the first-stage   15  each said
output optical switching sub-network switches to produce multiple copies
onto the middle-    (58) is adapted to selectively couple Its respec- stage
switches In the manner of the rearrangeable      tive set of output ports
(56) to Its respective set broadcast networks. In such networks the middle-
of optical receivers [err] by a switching function stage switches would
also need to possess a broad-      which Is capable of coupling each of
said output casting function, which can easily be fulfilled by the   20
ports (56) to at least any selected one of said re-
wavelength/wavelength/wavelength distributed ar-        ceivers [err]
chitecture and which needs only sllghtmodification of the space switches In
the wavelength/space/wave-    2. Anetworkas claimed in claim 1, wherein the
can- length architecture.                                   tral switching
node (50) comprises a plurality of In summary, the present Invention
provides a dis-  25  switches (70), there being the same number of tributed
wavelength switching architecture for pas-     switches as there are ports
In each set of input sive optical networks. Rather than performing all the
ports (52) and as there are ports in each set of broadband switching
conventionally In a central ex-     output ports (56), each switch having a
plurality change, the architecture distributes the first and last  of
Inputs and a plurality of outputs, the inputs of stages of switching over
the passive optical network  30  each switch (70) being coupled to input
ports of sharing the same components already required for       the sets of
Input ports (52) in such a manner that transmission purposes. Only the
middle stage of         a given input of a given switch (70) is coupled to
switching requires additional components in the ex-     a given input
portofa given setof input ports (52), change. In this way, large savings in
component         and in such a manner that the Inputs of a given
quantities are provided compared with the conven-  35   switch are coupled
to input ports of different sets tional local network architecture of
centralised        of input ports (52), the outputs of each switch (70)
switching. The principle of distributed switching can   being coupled to
output ports of the sets of output be extended to provide a full
broadcasting capability   ports (56) in such a manner that a given output
from any customer to all others.                        of a given switch
(70) is coupled to a given output Although the benefits of the proposed
architec-  40  portof a given setof output ports (56), and in such ture of
the present invention has been discussed for    a manner that the outputs
of a given switch (70) rearrangeably non-blocking switch structures, the
in-   are coupled to output ports of different sets of vention is also
applicable with strictly non-blocking   output ports (56), and each switch
(70) being op- switches.
erable to connect any one of its inputs to at least The present invention
is also applicable to bi-di-  45  any one of Its outputs. rectional
networks in which case the optical outputs from a set of output ports may
be multiplexed to prop-  3. A network as claimed in claim 1 or claim 2, in
agate along a transmitter sub-network In which case     which at least one
of the input optical switching the one passive sub-network is to be
considered for     sub-networks (54) comprises an input optical fi- the
purposes of the patent application to form simul-  50  bre sub-network for
passively multiplexing sig- taneously a transmitter sub-network and a
receiver      nals from the respective set of optical transmit-
sub-network.                                            ters [err] into an
input multiplex of transmitter channels, and an input demultiplexing means
(55) for coupling each channel of the respective Claims
55       multiplex to a respective input port (52). 1. A communications
network comprising a central    4. A network as claimed in claim 3, In
which each switching node (50) having atleasttwosets of in-    transmitter
[err] of each said at least one input 7    11                  EP 0 382 431
B1 signals at identical wavelengths, one from limb 80     put ports (52)
and at least two sets of output ports 



and one from limb 84, can be switched through sep-     (56), each setof
Input ports being coupled to a re- arate middle-stage space switches to
outputs on the    spective set of optical transmitters [err] ) by a re-
same third-stage limb.                                spective input
optical switching sub-network An important feature of the architecture of
the   5  (54), and each set of output ports being coupled present Invention
is its capability of broadcasting.  to a respective set of optical
receivers [err] by a The power-splitting nature of the third stage makes
respective output optical switching sub-network the passive optical network
ideally suited for broad-  (58), characterised in that each input optical
cast (one-to-many) connections. By simply allowing     switching
sub-network (54) is adapted to selec- more than one optical filter to tune
to the same wa-  10  tively couple its respective set of input ports to its
velength simultaneously all the customers on a limb    respective set of
optical transmitters [err] by a can receive the same signal. Furthermore,
in princi-  switching function which is capable of coupling pie, any
transmitter (customer) could become a ser-    each of said transmitters
[err] to at least any se- vice provider to any number of customers, by
using     lected one of said input ports (52), and in that the same power
splitting mechanism in the first-stage   15  each said output optical
switching sub-network switches to produce multiple copies onto the middle-
(58) is adapted to selectively couple its respec- stage switches in the
manner of the rearrangeable     tive set of output ports (56) to its
respective set broadcast networks. In such networks the middle-       of
optical receivers [err] by a switching function stage switches would also
need to possess a broad-     which is capable of coupling each of said
output casting function, which can easily be fulfilled by the   20  ports
(56) to at least any selected one of said re-
wavelength/wavelength/wavelength distributed ar-       ceivers [err]
chitecture and which needs only slight modification of the space switches
In the wavelength/space/wave-   2. A network as claimed in claim 1, wherein
the cen- length architecture.                                   tral
switching node (50) comprises a plurality of In summary, the present
invention provides a dis-  25  switches (70), there being the same number
of tributed wavelength switching architecture for pas-    switches as there
are ports in each set of input sive optical networks. Rather than
performing all the  ports (52) and as there are ports In each set of
broadband switching conventionally in a central ex-    output ports (56),
each switch having a plurality change, the architecture distributes the
first and last  of inputs and a plurality of outputs, the inputs of stages
of switching over the passive optical network  30  each switch (70) being
coupled to input ports of sharing the same components already required for
the sets of input ports (52) in such a manner that transmission purposes.
Only the middle stage of        a given Input of a given switch (70) is
coupled to switching requires additional components in the ex-    a given
input port of a given set of input ports (52), change. In this way, large
savings in component        and In such a manner that the inputs of a given
quantities are provided compared with the conven-  35  switch are coupled
to input ports of different sets tional local network architecture of
centrallsed       of input ports (52), the outputs of each switch (70)
switching. The principle of distributed switching can  being coupled to
output ports of the sets of output be extended to provide a full
broadcasting capability  ports (56) In such a manner that a given output
from any customer to all others.                       of a given switch
(70) is coupled to a given output Although the benefits of the proposed
architec-  4o  port of a given set of output ports (56), and in such ture
of the present Invention has been discussed for   a manner that the outputs
of a given switch (70) rearrangeably non-blocking switch structures, the
In-  are coupled to output ports of different sets of vention Is also
applicable with strictly non-blocking  output ports (58), and each switch
(70) being op- switches.
erable to connect any one of its inputs to at least The present invention
is also applicable to bi-di-. 45  any one of its outputs. rectional
networks In which case the optical outputs from a set of output ports may
be multiplexed to prop-  3. A network as claimed in claim I or claim 2, in
agate along a transmitter sub-network in which case    which at least one
of the input optical switching the one passive sub-network is to be
considered for    sub-networks (54) comprises an input optical fi- the
purposes of the patent application to form simul-  50  bre sub-network for
passively multiplexing sig- taneously a transmitter sub-network and a
receiver     nals from the respective set of optical transmit- sub-network.
ters [err]  into an input multiplex of transmitter channels, and an input
demultiplexing means (55) for coupling each channel of the respective
Claims                                        55       multiplex to a
respective input port (52). 1. A communications network comprising a
central   4. A network as claimed in claim 3, in which each switching node
(50) having at least two sets of In-  transmitter [err] of each said at
least one input 7    13                  EP 0 382 431 B1                 14
optical switching sub-network (54) is controllable  dudes a tunable optical
filter (66). to transmit signals on a channel corresponding to 



the input port (52) to which It is to be selectively  12. A network as
claimed in claim 6, or in any one of coupled.
claims 7 to 11 when appendant to claim 6, In 5      which each receiver
[err] of each said at least one 5. A network as claimed in claim 3, in
which the In-   output optical switching sub-network (58) in- put
demultiplexing means (55) of each said at      cludes means for receiving
signals on a respec- least one input optical switching sub-network     tive
distinct wavelength, and the associated out- (54) Is controllable to couple
the signals on each  put multiplexing means (59) Includes wavelength
channel to a selected input port (52).    10      tunable optical sources.
6. A network as claimed in any one of claims 3 to 5,  13. A network as
claimed in claim 6, or in any one of in which at least one of the output
optical switch-  claims 7 to 12 when appendant to claim 6, in ing
sub-networks (58) comprises an output opti-    which the signals from the
sets of transmitters cal fibre sub-network, and an output multiplexing   15
[err] of each said at least one input optical switch- means (59) for
passively multiplexing signals     ing sub-network (54), and the signals
from the from the respective set of output ports (56) into  output ports
(56) of each said at least one output an output multiplex of receiver
channels, the as-  optical switching sub-network (58) are formed sociated
output optical fibre sub-network cou-    into respective wavelength
multiplexes. pling the output multiplex to the respective receiv-  20 ers
[err] and each receiver being arranged to re-  14. A network as claimed in
claim 13, in which the ceive signals from one channel.
transmitters [err] include wavelength tunable opt- ical sources (60). 7. A
network as claimed in claim 6, In which each re- ceiver ([err] of each said
at leastone output optical  25   15  A network as claimed In claim 14, in
which the switching sub-network (58) is controllable to re-  wavelength
tunable optical sources comprise celve signals on a channel corresponding
to the    tunable lasers (60). output port (56) to which it is to be
selectively cou- pled. 30   PatentansprOche 8. A network as claimed In
claim 6, in which the out- put multiplexing means (59) of each said at
least  1. Kommunikationsnetzwerk, das einen zentralen one output optical
switching sub-network (58) Is   Schaltknoten (50) mit wenigstens zwei
Satzen controllable to form an output multiplex ofsignals  von
Eingangsanschlussen (52) und wenigstens on the associated channels such
that each output  35  zwel Satzen von Ausgangsanschlussen (56) um- port
(56) is coupled to a selected receiver [err]  faBt, wobei Jeder Satz von
Eingangsanschlrlssen mit elnem jeweiligen Satz von optischen Sen- 9. A
network as daimed In any one of claims 3 to 8,   dern  (Tu) Ober ein
jeweiliges  optisches in which the input multiplex of each said at least
Eingangsschaltnetz (54) verbunden ist, und wo- one input optical switching
sub-network (54) and   4o  bel jeder Satz von Ausgangsanschlfssen mit el-
the output multiplex of each said at least one out-  nem jeweiligen Satz
von optischen Empffingern put optical switching sub-network (58) are each
(Ru)   Ober   ein  jeweiliges   optlsches formed onto a respective single
optical fibre.     Ausgangsschaltnetz (58) verbunden ist, dadurmh
gekennzeichnet, 10. A network as claimed in any one of claims 3 to 9,  45
daM jedes optische Eingangsschaltnetz (54) so inwhich each transmitter
[err]of each said atleast   ausgelegt 1st, daB es selektiv semnen
jeweiligen one input optical switching sub-network (54) is    Satz von
Eingangsanschlfssen mit seinem je- adapted to transmit signals of a
distinct wave-    welligen Satz von optischen Sendern (Top durch length,
each wavelength corresponding to a         elne Schaltfunktlon verbindet,
welchefOrdieVer- channel, and the associated input demultiplexing   5o
bindungjedes Senders (Top mitwenigstensjedem means (55) comprises one or
more passive opti-     einzelnen ausgewIhiten der Eingangsanschlos- cal
splitters for coupling the received input multi-  se (52) geeignet ist, und
daS jedes besagte opti- plex to each input port (52) via a tunable optical
sche Ausgangsachaltnetz (58) so ausgelegt ist, filter.
daB es selektiv senen jeweiligen Satz von Aus- 55      gangsanschlfssen
(56) mit seinem jeweiligen 11. Anetworkas claimed in anyone of claims 3 to
10,   Satz von optischen Empflngern (Ru) durch elne in which each receiver
[err] of each said at least  Schaltfunktion verbindet, welche fOr die
Verbin- one output optical switching sub-network (58) in-  dung jades der
besagten Ausgangsanschlisse 8    15                 EP 0 382 431 B1
16    111111 111111 11111li11111 (56) mit wenigstens jedem einzelnen
ausgewahl-    daB die Signale auf Jedem Kanal zu einem aus- ten der
besagten Empfinger (R1) geeignet ist.     gewahIten EingangsanschluBl (52)
geleltet wer- den. 



2. Netzwerk nach Anspruch 1, wobel der zentrale Schaltknoten (50) eine
Vielzahl von Schaltern   5   6. Netzwerk nach einem derAnspruche 3 bis 5,
beo (70) umfaBt, wobel die Zahl der Schalter die glei-  welchem  wenigatens
eines der optischen che wie die der Anschlfsse be! jedem Satz von
Ausgangsschaltnetze (58) sin optisches Aus- Eingangsanschlfssen (52) und
be! Jedem Satz       gangsfaserteilnetz und sine Ausgangsmultiplex- von
AusgangsanwchlOssen (56) ist, wobei jeder     ervorrichtung (59) fOr das
passive Multiplexen Schalter eine Viedzahl von Elngingen und elne   io  von
Signalen von dem Jeweiligen Satz von Aus- Vieizahi von AusgAngen hat, die
Elnginge vonje-   gangsanschlOssen (56) In ein Ausgangsbundel dem Schalber
(70) mit den EingangsanschlOssen     von Empfingerkanalen umfaBt, wobel das
asso- der Sitze von Eingangsanschltlssen (52) aufsol-   ziierte optische
Ausgangsfaserteilnetz den Aus- che Art verbunden sind, daB ein gegebener
Ein-    gangsmultiplexer mit denjeweilligen Empfangern gang eines gegebenen
Schalters (70) mIt einem   15  (R) verbindet und jeder Empfinger so
angeord- gegebenen EingangsanschluB mines gegebenen        not ist, daB
erSignale von elnem Kanal empfingt. Satzes von Eingangsanschlflssen (52)
verbun- den ist, und auf sodche Art, dlaB die Elnginge ei-  7. Netzwerk
nach Anspruch 6, bei welchem jeder nee gegebenen Schalters mit
Elngangsanschlis-     Empfinger (R) von wenigstens einem der be- son
anderer Sitze von EingangsanschlOssen   20    sagten optischen
Ausgangsschaltnetze (58) so (52) verbunden sind, die Ausgange jedes Schal-
steuerbar ist, daB Signale auf einem dem Aus- ters (70) mit den
Ausgangsanschlfissen der Sit-   gangsanschluB (56) entsprechenden Kanai,
mit ze von AusgangsanschlOssen (56) auf elne sol-     dem es selektiv
verbunden ist, empfangen wer- che Art verbunden sind, daB ein gegebener
Aus-    den. gang eines gegebenen Schalters (70) mit elnem   25 gogebenen
AusgangsanschluB elnes gegebenen     8. Netzwerk nach Anspruch 8, bel
welchem die Aus- Satzes von AusgangsanschlOssen (56) verbun-
gangsmultiplexervorrichtung (59) von jedem ein- den ist, und auf solche
Art, daB die Ausginge el-  zelnen    der    besagten      optischen nes
gegebenen Schalters (70) mit Ausgangsan-      Ausgangsschaltnetze (58) so
steuerbar ist, damR schl(issen anderer Sitze von Ausgangsan-  30      ein
Ausgangsbfandel von Signalen auf den asso- schlilssen (56) verbunden sind,
und jeder Schal-  zlierten Kanalen erzeugt wird, so daB jeder Aus- ter
(70)so gestelltwerden kann, daBjeder einzel-  gangsanschluB (56) mit einem
ausgewahiten ne seiner Eingange mit wenigatens elnem seiner    Empfanger
(Ru verbunden ist. Ausginge verbunden Ist 35  9. Netzwerk nach einem der
Ansprfche 3 bis 8, bei 3. Netzwerk nach Anspruch 1 oder 2, bei welchem
welchem das Eingangsbfindel von jedem des we- wenigstens    eines    der
optischen           nigstens   einen    besagten    optischen
Eingangsschaltnetze (54) ein optisches Ein-       Eingangsschaltnetzes (54)
und das Ausgangs- gangsfasernetz frir das passive Multiplexen von   bindel
von jedem des wenigstens elnen besag- Signalen von dem jewelligen Satz von
optischen   4o  ten optischen Ausgangsschaltnetzes (58) auf je- Sendern (T1
In sin Eingangsbfndel von Sende-      wells entsprechenden einzelnen
optischen Fm- kanalen und mine Eingangsdemultiplexervornich-    sern
erzeugt werden. tung (55) fMr die Verbindung jedes Kanals des je- weiligen
BIndels mit einem jeweiligen Eingangs-  10. Netzwerk nach elnem der
AnsprOche 3 bis 9, bei anschluB (52) umfaBt.                     45
welchem jederSender(TO) jedes des mindestens einen optischen
Elngangsschaltnetzes (54) so 4. Netzwerk nach Anspruch 3, bei welchem jeder
angelegt ist, dlam Signale mit einer eigenen Wel- Sender (T) jedes des
mindestens elnen besag-      lenlinge gesendet werden, wobel jede Wellen-
ten optischen Elngangsschaltnetzes (54) so an-    linge einem Kanal
entspricht, und die assoziierte sbeuerbar lst, dal3 Signale auf einem zu
dem Eln-  50  Eingangsdemultiplexervorrichtung (55) ein oder gangsanschluB
(52) korrespondierenden Kanai       mehrere passive optische
Strahitehlerfirdie Ver- gesendetwerden k8nnen, zu welchem erselektiv
bindung des empfangenen Eingangsbindels mit verbunden werden soll.
jedem EingangsanschluB (52) Gber eonen ab- stimmbaren optischen Filter
urnfaBt. 5. Netzwerk nach Anspruch 3, in welchem die Ein-  55
gangsdemultiplexervorrichtung (55) von jedem   11. Netzwerk nach elnem
derAnspriche 3 bis 10, bei des mindestens eonen beasagten optischen
welchem jeder Empfanger (Ro jedes des wenig- Eingangsschaltnetzes (54) so
ansteuerbar ist,     stens eonen optischen Ausgangsschaltnetzes 9    17
EP0382431B1                    18    | ||||||| 1|||| |11|| |||| || * C   L
M S (58) gin abstimmbares optisches Filter (86) umr-  desdits ports de
sortie (56) A au moins n'importe faSt.
quel recepteur selectionne desdits ricepteurs 



(RO). 12. Netzwerk nach Anspruch 6 oder elnem der sich auf Anspruch 6
st(Itzenden AnsprOche 7 bis 11,   5   2. Reseau comme revendiqui dans la
revendica- bei weichem jeder Empfinger (RV) jades des we-    tion 1, dans
lequo le noeud de commutation cen- nigstons einen optischen
Ausgangsschaltnetzes    tral (50) comprend une pluralite de commutateurs
(58) eineVorrichtung fOrden Empfang von Signa-    (70) dont Is nombre est
igal au nombre de ports len einerjeweilligen eigenen Wellenlange umfallt
qu'il y a dans chaque groups de ports d'entree und die assozilerte
Ausgangsmultiplexervonich-  1o  (52) et qu'il y a dans chaque groups de
ports de tung (59) abstimmbare Quellen optischer Wel-      sortie (56),
chaque commutateur ayant une plu- lenlangen umfalt.
raliti d'entrees et une pluraliti de sorties, lee en- trees de chaque
commutateur (70) itant cou- 13. Netzwerk nach Anspruch 6 oder elnem der
slch     plies aux ports d'entree des groupes de ports aufAnspruch 8
stfltzenden Ansprfilche 7 bis 12,  15  d'entrie
(52)defaconqu'uneentreedonneed'un beiwelchem die Signals vonjedem derSatze
von      commutatbur donni (70) soit couplee A un port Sendern (To jedes
des wenigstens oinen opti-      d'entrie donne d'un groups donne de ports
d'en- schen Eingangsschaltnetzes (54) und die Signa-    trie (52), et de
manilre que les entries d'un le derAusgangsanschlOsse (56) jedes des wenig-
commutatbur donne sobent couplies aux ports stens einen optischen
Ausgangsschaltnetzes  20    d'entree de diffirents groupes de ports
d'entrie (58) in jeweiligen Wellenlangenbulndeln gebildet  (52), les
sorties de chaque commutateur (70) werden.
etant couplies aux ports de sortie des groupes de ports de sortie (56) de
maniere qu'une sortie 14. Netzwerk nach Anspruch 13, bel welchem die
donnee d'un commutateur donne (70) soit cou- Sender (TV) abstimmbare
Quellen optischerWel-  25  ples au port de sortie donne d'un groups donne
lenlangen (60) umfassen.                          de ports de sortie (56)
et de maniere quo les sor- ties d'un commutateur donne (70) soient cou- 15.
Netzwerk nachAnspruch 14, bei welchem die ab-    plies aux ports de sortie
des diffirents groupes stimmbaren Quelien optiecher Welienlingen ab-     de
ports de sortie (56), et chaque commutateur stimmbare Laser (60) umfassen.
30     (70) pouvant fonctionner pour relier une quelcon- quo de sos entries
A au moins une quelconque de ses sorties. Revendicatlons 3. Un riseau commo
revendique dane la revendica- 1. Reseau de communication comprenant un
nosud  3S  tion 1 ou la revendication 2, dans lequel au moins de
commutation central (50) ayant au moins deux   un des sous-riseaux de
commutation optiques groupes de ports d'entrie (52) et au moins deux
d'entrie (54) comprend un sous-riseau A fibre groupes de ports de sortie
(56), chaque groupo    optique d'entree pour multiplexer passivement de
ports d'entre itant coupli A un grouperes-     des signaux provenant du
groups respectif pectif d'imetteurs optiques (To par un sous-  40
d'imetteurs optiques (To dane un multiplex d'en- riseau de commutation
optique d'entrie (54)       trie de canaux d'imetteurs, et un moyen de di-
respectif, et chaque groups de ports de sortie    multiplexage d'entrie
(55) pour coupler chaque itant coupli A un groups respectif de ricepteurs
canal du multiplex respectif a un port d'entrie optiques (Ru) par un
sous-reseau de commuta-      (52) respectif. tion optique de sortie (58)
respectif, caracterise  45 en ce quo chaque sous-reseau de commutation   4.
Riseau comme revendique dana la revendica- optique d'entrie (54) est adaptI
pour coupler se-  tion 3, dans lequel chaque emetteur (Tu) de che-
lectivement son groupe respectif de ports d'en-   que dit sous-riseau de
commutation optique tris A son groups respectif d'metteurs optiques
d'entrio (54), au moins un, pout etre commande (TV) A l'aide d'une fonction
de commutation qui  5o  pour 6mettre des signaux sur un canal corres- pout
coupler chacun desdits emetteurs (To A au    pondant au port d'entree (52)
auquel il doit etre moins n'importe quel port silectionni desdits    coupli
selectivement. ports d'entreo (52), et en ce quo chaque sous- riseau de
commutation optique de sortie (58) est  5. Reseau comme revendique dana la
revendica- adapti pour coupler selectivement son groups  5s  tion 3, dana
loquel Is moyen de demultiplexage respectif de ports desortie (56) A son
group. res-  d'entree (55) de chaque dit sous-reseau de pectif de
riceptsurs optiques (R) a l'aide d'une  commutation optique d'entree (54),
au moins un, fonbction de commutation qui pout coupler chacun  pout etre
commandi pourcouplerles signauxeur 10    19                 EP 0 382 431B1
20 Si!1111 lulL! IIIM 1   1 chaque canal a un port d'entree s6lectionn6
(52).  commutation optique do sortie (58), au moins un, comprend un filtre
optique accordable (66). 



6. Reseau comme revendlque dans I'une quelcon- quo des revendlcatlons 3 A
5, dans lequel au  12. Reseau comme revendiqu6 dans la revendica- moins un
des sous-r6seaux de commutation op-   5  tion 6 ou dans l'une quelconque
des revendica- tique de sortie (58) comprend un sous-reseau A  tions 7 A 11
quand oilo est jointe a la revendica- fibre optique de sortie etun moyen de
multiplexa-  tion 6, dans loquel chaque r6cepteur (R) de cha- ge de sortie
(59) pour multiplexer passivement   quo dit sous-reseau de commutation
optique de des signaux provenant du groups respectif des   sortie (58), au
moins un, comprend un moyen ports de sortie (58) dans un multiplex de
sortie de  io  pour recevoir des signaux sur une longueur canaux de
r6ceptsur, le sous-reseau A fibre opti-  d'onde distincte- respective, et
le moyen de mul- quo de sortie associe couplant le multiplex de  tiplexage
de sortie (59) associe comprend des sortie aux r6oopteurs respectifs (R),
et chaque  sources optiques accordables aux longueurs r6ceptbur etantagenc6
pour recevotr des signaux  d'onde. provenant d'un canal.
1* 13. R6seau commo revendiqu6 dans la revendica- 7. Reseau comme
revendlque dana la revendica-       tion 6 ou dans lNune quelconque des
revendica- tlon 6, dans loquel chaque r6cepteur (R) de cha-  tions 7 A 12
quand elle est jointe A la revendica- quo dit sous-reseau de commutation
optique de   tion 8, dans lequel lea signaux provenant des sortie (58), au
molns un, pout etre commande  20  groupes d'6metteurs (T) de chaque dit
sous- pour recevoir des signaux sur un canal corres-  r6seau de commutation
optique d'entree (54), au pondant au port de sortie (56) auquel il dolt
6tre  moins un, et lea signaux provenant des ports de couple selectivement.
sortie (56) de chaque ditsous-reseau de commu- tation optique de sortie
(58), au moins un, sont 8. Reseau comme revendlqu6 dans la revendica-  25
formes dans des multiplex d'ondes respectifs. tlon 6, dans lequol le moyen
de multiplexage de sortie (59) de chaque ditsous-reseau de commu-  14.
R6seau comme revendiqu6 dans la revendica- tation optique de sortie (58),
au mains un, pout  tion 13, dans loquel les emetteurs (To compron- etre
commande pour former un multiplex de sor-   nent des sources optiques
accordables aux lon- tie de signaux sur les canaux assoclis, de sorts  30
gueurs dConde (60). quo chaque port de sortie (56) solt coupl6 a un re-
cepteur selectionn6 (Ru).                    15. Reseau commo revendiqu6
dans la revendica- tion 14, dana lequel des sources optiques accor- 9.
Reseau commo revendlqu6 dans l'une quelcon-      dables aux longueurs
d'onde comprennent des quo des revendications 3 A 8, dans loquel le mul-
35  lasers accordables (60). tiplex d'entr6e de chaque dit sous-r6seau de
commutation optique d'entree (54), au moins un, et le multiplex de sortie
de chaque dit sous- r6seau de commutation optique de sortie (58), au moins
un, sont form6 chacun sur une fibre opti-  40 quo unique respective. 10.
Reseau commo revendiqu6 dans l'une quelcon- quo des revendicatlons 3 a 9,
dans loquel chaque emetteur (T,) de chaque dit sous-r6seau de  45
commutation optique d'entr6e (54), au molns un, est adapt6 pour 6mettre des
signaux de longueur d'onde distincte, chaque longueurd'onde corres- pondant
A un canal et le moyen de demultiplexa- ge d'entr6e associe (55) comprend
un ou plu-  5o siours repartitburs optiques passifs pour coupler le
multiplex d'entr6e recu A chaque port d'entr6e (52) par linterm6diaire d'un
filtre optique accor- dable. 55 11. R6seau comme revendlqu6 dans l'une
quelcon- quo des revendications 3 a 10, dans loquel cha- quo r6ceptour (Ru)
de chaque dit sous-reseau de    


