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two heterodyne receivers by dividing the recom- bined signal and coupling
one of the divided sig- This invention relates to optical transmission
nals to one of the receivers; and dividing a local systems and especially
to multiple-access sys-     oscillator signal having a frequency shifted
with -tems.                                          5   respect to the
carrier signal, and coupling one of Transmitting a large number of channels
of      the divided local oscillator signals to said one re- information
over a given link requires the signals to  ceiver, the divided local
oscillator signal coupled to be separable at the receiving end. This may be
said one receiver having a relative delay corre- achieved by dividing the
available band into disjoint  sponding to the delay of the information to
be slots for each user or by permitting each user to  10  received. occupy
the entire band and rendering the various       The present invention
provides a method of transmitted signals orthogonal in some way so that
transmitting information using a broad spectrum the signals will not
interfere with one another.   optical carrier signal, the method comprising
the This latter spread spectrum technique has re-   steps of dividing the
carrier signal over at least two ceived attention particularly with radio
frequency   15  paths; modulating the carrier signal in at least one
transmission. Proposals for utilising spread spec-  of the paths in
accordance with information to be trum  techniques in optical systems have
been      transmitted; recombining the divided signals to pro- made,
involving the generation of pseudo-random    vide a recombined signal after
imposing a relatively electrical signals which are modulated with informa-
different delay on each divided signal to provide a tion to be transmitted
and then applied to an op-  20  delay multiplexed signal; receiving the
information tical source such as a laser. The different channels  at one of
at least two heterodyne receivers by are then code division multiplexed.
Unfortunately  dividing the recombined signal and coupling one of both the
generation of pseudo-random signals and   the divided signals to said one
receiver; and divid- code multiplexing are complex techniques.          ing
a local oscillator signal having a frequency If the coherence time of an
optical signal is  25  shifted with respect to the carrier signal and cou-
relatively short then the channels can be mul-     pling one of the divided
local oscillator signals to tiplexed by imposing a time delay greater than
the  said one receiver, the divided local oscillator signal coherence time.
A scheme has been proposed for     coupled to the receiver having a
relative delay optical transmission systems in which the signal
corresponding to the delay of the information to be from a short coherence
interval source is split into  30  received; characterised in that the
optical carrier several components. Each component is then di-     signal
is divided at a first splitting point, the divided vided in two and one
part modulated and one part   signals are recombined at a recombination
point, delayed. These parts are recombined with the oth-  and the
recombined signal is divided at a second er components which have been
split and provided   splitting point; and the divided local oscillator sig-
with different modulations and delays, and transmit-  35  nals have
relative delays imposed upon them by ted. At the receiving end the combined
signal is re-  delay means located between the second splitting divided,
each division split into two and one part  point and the heterodyne
receivers delayed, and the parts then recombined so that         The local
oscillator signal must have the same equally delayed parts of the modulated
and un-  spread spectrum characteristics as the optical car- modulated
signal are combined and detected. The   40  rier. The local oscillator
signal may be generated disadvantage of this system is that there are high
from a source other than that used to provide the losses at the detection
stage, half of the modulated  carrier signal. Alternatively, it may be
generated by signal and half of the unmodulated signal being    frequency
shifting a signal divided from the carrier lost. The associated direct
detection techniques are  signal, in which case it may be transmitted along
a also high in losses.                          45  separate path or
multiplexed onto the same path as An article entitled "Coherence
Multiplexing of  the recombined modulated paths. The frequency Fiber-Optic
Interferometric Sensors" by Brooks et  shift is conveniently imposed prior
to transmission al in the Journal of Lightwave Technology volume   in order
to keep most of the active components at LT-3, number 5, October 1985
discloses a method    the transmitter. Preferably, the local oscillator is
of transmitting information using a broad spectrum   5o  polarisation
multiplexed onto a common transmis- optical carrier signal comprising
dividing the carrier  sion path with a recombined delay multiplexed signal
over at least two paths; modulating the car-  signal. rier signal in at
least one of the paths in accor-     The  paths  preferably  comprise
optical dance with information to be transmitted; recom-   waveguides, such
as, for example, optical fibres. bining the divided signals to provide a
recombined   55  In a preferred embodiment of the invention, a signal after
imposing relatively different delays on  portion of the recombined signal
and a portion of each divided signal to provide a delay multiplexed  the
local oscillator signal are mixed to provide a signal; receiving the
information at one of at least  return message carrier signal, and the
return mes- 2    



3                 EP 0 251 748 B1                      4 sage carrier
signal is divided over at least two     layed component signals are
recombined on trans- paths, one of which is modulated in accordance
mission line 6. The signal on line 5 passes to a with a return message and
recombined with the        frequency shifter 8 and then continues
uncombined other message path with delay multiplexing.          to a
distribution point referenced 7. The combined The invention also provides
an optical trans-   5   modulated signal also passes to the distribution
mission system  using a broad spectrum  optical      point. At the
distribution point the signals on each carrier signal, the system
comprising means for     of the lines 5 and 6 are split n ways and paired,
dividing the carrier signal into at least two paths;  one of each pair
being from line 5 and one from means for modulating the carrier signal in
at least  line 6. The paired signals then pass to different one of the
paths in accordance with information to  10  detectors [err] Each detector
has an asso- be transmitted; means for recombining the divided    ciated
delay [err] which corresponds to the signals to provide a recombined signal
after impos-  delay associated with the modulator from which the ing a
relatively different delay on each divided     signal is to be detected,
and the signal split from signal to provide a delay multiplexed signal; a
line 5 passes via this delay before being input, respective heterodyne
receiver associated with  15  along with the signal split from line 6, into
a com- each path; and divider means for dividing a local    biner 9 where
they are paired for heterodyne de- oscillator signal having a frequency
shifted with   tection. respect to the carrier signal and for coupling one
of   The channel interpreted by the detector will the divided local
oscillator signals to one of the   depend upon the delay imposed in its
associated receivers, the divided local oscillator signal coupled   20
delay line. Thus each receiver terminal can be to said one receiver having
a relative delay cor-    assigned a separate channel by choice of a spe-
responding to the delay of the information to be     cific delay
corresponding to the transmitter delay, received by that receiver;
characterised by a first  or a terminal may be tunable by having a variable
splitting point at which the optical carrier signal is  delay. split, a
recombination point at which the divided   25  To provide a suitable spread
spectrum source signals are recombined, a second splitting point at  signal
to the node 10, a variety of different which the recombined signal is
divided, and delay    waveforms may be used to modulate the frequency means
for imposing relative delays on the divided    of the source 1. One
particularly suitable source local oscillator signals, the delay means
being lo-  modulation comprises a triangular or saw-tooth cated between the
second splitting point and the   3o   waveform. This reduces the number of
spurious receivers.                                          interfering
signals produced in the demodulation Aspects of the invention will now be
described   process. An alternative modulation comprises a in detail and by
way of example with reference to   sinusoidal oscillation close to or at
the relaxation the accompanying drawings, in which;
oscillation frequency of the laser source, thereby Figure 1 illustrates a
basic configuration of a   35   maximising the available 'chirp'.
transmission system according to the invention;       As an alternate to
direct FM of a laser, a fixed Figures 2 3 and 5 illustrate examples of
alter-   frequency laser could be used in combination with native
embodiments; and                           a separate modulator. The
modulator could be Figure 4 illustrates a further embodiment of the  driven
by a m-sequence generator. invention adapted for two-way transmission.  40
Alternatively a naturally broad linewidth laser The principle of operation
of the system will be  source could be used, thereby eliminating the need
described with reference to Figure 1 which shows a   for imposed frequency
modulation although this basic configuration. A single laser source 1 is
fre-  may then require greater precision in matching the quency modulated
to provide a spread spectrum        delay lines between transmitter and
receiver. Suit- signal on line 2 to a local node referenced 10. In  45
able delays can be imposed by short lengths of the node the signal on line
2 is fed to a beam       monomode optical fibre. The delay at the transmis-
splitter 3 which provides two output signals on lines  sion end may of
course be applied before rather 4 and 5. On line 4 the signal is further
split and   than after modulation. shared n ways along n component paths.
Each             The embodiment described with reference to component path
is coupled to a different modulator  5o   Figure 1 requires two optical
fibre paths (5 and 6) [err] (in the Figure n =4), which may     from the
transmitter to the distribution point 7. It is conveniently be a lithium
niobate phase modulator,   necessary to control the polarisation of the
signals and which modulates the respective component         for the
heterodyne detection. It is desirable to avoid signal in accordance with
respective input signals   using polarisation holding fibre for this
purpose. [err] The modulators are each connected to a   55   Therefore,
active polarisation control, polarisation delay line [err] each delay line
having a   modulation or polarisation diversity reception is different
characteristic delay to all the other delay  generally required. A
polarisation feedback control lines. After the delay lines the n modulated,
de-   (eg as described with reference to Fig. 3 below) 3    



5                 EP 0 251 748 B1                      6 may be provided by
splitting an extra channel from      A  two-way  transmission  system  can
be the lines 5 and 6 at the distribution point. Prefer-  achieved by
utilising a second output from the ably the active parts of such a
polarisation control  combiner 9 (which may be a conventional X-cou- are
retained at the node 10 and the control signal   pier, for example) at each
receiver as the carrier for is transmitted along one of the fibres 5 or 6
in the   5   the return message. Figure 4 illustrates such a retum
direction.                                       scheme. Figure 2 shows an
alternative embodiment in         In this embodiment the second output
passes which a single fibre is used for the transmission of  to a return
modulation station 16 comprising a the local oscillator signal and the
delay multiplexed  beam splitter 14, one of the output signals from the
modulated signals. In this embodiment polarisation   io  splitter 14 being
modulated at modulator 15 in holding fibre is used up to a final combiner
20,    response to an input signal (labelled [err] and the after which it
can be presumed that the polarisa-    other delayed. The signals originally
split are then tions of the various signals will vary in a similar
recombined and combined with the signals from manner. The local oscillator
signal arrives at the  the other return modulation stations 16 for trans-
distribution point delay multiplexed from the other  15   mission along
line 17. At the reception end for the signals (and also frequency shifted).
In order to   return message the combined return signal is split detect the
different information signals the signal  n ways. Each split signal is then
split again and on line 6 is split N ways, each subdivision then     one
part is appropriately delayed. The split signals being split again, one
part delayed and the parts   are then recombined and input to a direct
detector recombined. However this latter method of detec-  20   18. It does
not matter on which portion of the split tion suffers from additional
losses as half of the   signal the delay [err] is imposed in for the
return. It signal and half of the local oscillator signal is lost.  may be
in the same path as the modulator 15. The A third embodiment of the
invention is shown     return transmission path is less sensitive then the
in Figure 3 in which the local oscillator signal and  forward path because
there is no heterodyne gain. the combined delay multiplexed modulated
signals  25    It should be noted that various methods could are combined
for transmission on a single fibre. To  be used to generate the spread
spectrum signal. maintain a strong local oscillator signal to enable  The
source may be naturally broad linewidth with a separation at the
distribution point, the local oscilla-  random wavelength output, or a
laser source may tor signal is polarisation multiplexed on to the com-  be
swept or modulated. A laser source of fixed mon transmission fibre.
Non-polarisation holding fi-  30   wavelength may be modulated by a
pseudo-ran- bre is employed and a polarisation control is        dom signal
generator. If the laser output and modu- present in one signal arm prior to
the polarisation  lation are reproducible the local oscillator signal
multiplex to ensure exact orthogonal polarity.       may be locally
produced at the receiver rather than Referring now in more detail to Figure
3, the   transmitted: the use of fixed frequency lasers and a local node 10
comprises a beam splitter 3, modula-  35   maximal-sequence generator would
readily adopt tors and delays and local oscillator frequency shift-  to
local generation. er 8 as in Figure 1. The local oscillator path 5 also   A
system of this form is illustrated in Figure 5. contains a polarisation
controller 11, from which the  In this case, the signal from the source 1
is modu- local oscillator signal is input to a polarisation    lated in a
modulator 21 under the control of an m- splitter/combiner 12 where it is
multiplexed onto  40  sequence generator 22 before passing to the node the
transmission fibre 6 by orthogonal polarisation.  10. In this embodiment
the frequency shifter is At the distribution point 7 a polarisation
splitter 13  omitted from the node 10. At the remote distribu-
demultiplexes the local oscillator signal which is  tion point, local
oscillator signals are provided from then split n + 1 ways. The combined
modulated        a second source 23, frequency shifted with respect signal
is similarly split. Of the split local oscillator   45  to the primary
source 1, via a further modulator 24 signals, n are subjected to respective
delays and    controlled by a second m-sequence generator 25 combined in
heterodyne detection with n of the       which is locked in phase with the
primary generator split modulated signals as described for the em-     22.
bodiment of Figure 1. The n + 1 th split modulated      Some projected
network parameters will now signal is recombined, without further delays,
with  50   be discussed with reference to the distribution net- the n + 1
th signal split from the local oscillator.  work of the form shown in
Figure 1. This composite signal is fed back to the polarisa-      A launch
power of + 3dB from the common tion controller 11 along the reverse of the
outward  source is assumed. For 14OMbit/s operation the path 6'. In Figure
3, the paths 6 and 6' are shown   best measured PSK heterodyne receiver
sensitivity separately for convenience. However, in practice   55  is
-59dBm) for a local oscillator power of -23dBm both paths may be provided
by a single optical      (the theoretical figure for unlimited local
oscillator fibre carrying both the outgoing delay multiplexed   power is
-63dBm). The launch power is split be- signals and the returning
polarisation control signal.  tween the signal path and the local
oscillator path. 4    



7                 EP 0 251 748 B1                    8 The signal path is
split N ways with an excess loss  spectrum  systems with conventional
wavelength of, say, 2dB for N of 1 to 20. Each signal is      multiplexing
techniques. The ultimate capacity of modulated by a phase modulator with
total fibre to  such a distribution network may only be limited by fibre
loss of, say, 3dB. All the outputs from the  the intrinsic fibre
transmission bandwidth. modulators are  recombined  with  a  loss of   5
The present invention provides a new local 1 OlogN + 2dB. The transmission
loss of the network  distribution network scheme and transmission sys- may
be assumed to be 5dB. The loss at the         tem  which offers the
performance of coherent distributor may be taken as [err]A 3dB
transmission using a heterodyne spread spectrum loss is assumed for
recombining signal and local   concept. The demands on component resources
of oscillator fields prior to photodection. In the local  70  this new
network are particularly lean; a single DFB oscillator path the budgeted
losses include 3dB    laser source could be shared by up to 20 channels;
through the acoustic optic frequency shifter and a  no laser frequency
locking schemes are required; further 3dB through a polarisation controller
(when  and no narrowband optical filters are needed to used). The remaining
transmission and distribution  realise the basic network. Channel selection
is losses for the local oscillator path will be similar to  15  achieved
using only matched optical delays (the the signal path.
need for accurate matching of the phase delays is Although PSK is more
demanding on laser         eliminated by using heterodyne detection rather
linewidth than ASK for conventional heterodyne de-  than homodyne
detection) and for moderate data tection this should not be as significant
in embodi-  rates (14OMbit/s) the terminal receiver can be of ments of the
invention when both the modulation   20  the standard PINFET type. The
system  can be signal and local oscillator are derived from a corm-
readily extended by the application of conventional mon source and
reasonable care is taken to match   WDM techniques and also by the use of
laser the delays between the two paths before recom-    amplifiers.
Although primarily considered as a bination.
wideband signal distribution network, the system For the above parameters a
network size of 20   25  can be reconfigured to provide a lower capacity x
14OMbit/s to 20 terminals would represent an     return channel without the
need for an individual upper limit from power budget considerations.
light source at each terminal. Another constraint that could limit network
size is the maximum FM deviation of the source laser.   Claims Taking a
instantaneous channel spacing of about 5   30 x IF bandwidth and by
assuming an IF bandwidth     1. A method of transmitting information using
a of 2 x bitrate a total optical frequency sweep of      broad spectrum
optical carrier signal, the about 28GHz is required for the 20 channel
method comprising the steps of dividing the scheme. This degree of current
controlled frequen-     carrier signal over at least two paths; modulat- cy
chirp has been reported by several groups   35      ing the carrier signal
in at least one of the working with DFB lasers.
paths in accordance with information to be The frequency of modulation used
will deter-       transmitted; recombining the divided signals to mine the
length of the fibre delays needed. For a      provide a recombined signal
after imposing a modulation rate of 1 MHz the maximum fibre delays
relatively different delay on each divided signal will be about 100 metres.
This length may be   40     to provide a delay multiplexed signal;
receiving considered a little unwieldy. To considerably re-     the
information at one of at least two hetero- duce the delay paths necessary
it is proposed that     dyne receivers [err] by dividing the recombined GHz
sweep frequencies could be used. This may          signal and coupling one
of the divided signals be achieved by driving the source laser at its
to said one receiver [err] and dividing a local relaxation frequency, say 1
to 2 GHz. Although this  45  oscillator signal having a frequency shifted
with would result not only in wide deviation frequency      respect to the
carrier signal and coupling one modulation but also in some unwanted
amplitude         of the divided local oscillator signals to said
modulation, the AM signal should be outband of         one receiver, the
divided local oscillator signal the receivers' IF.
coupled to the receiver having a relative delay Analogue transmission could
also be used.  50      corresponding to the delay of the information The
network can be extended by the inclusion       to be received;
characterised in that the optical of broadband travelling wave laser
amplifiers at       carrier signal is divided at a first splitting point,
strategic points in both the signal and local oscilla-  the divided signals
are recombined at a recom- tor paths. It may also be possible to share a
single   bination point, and the recombined signal is swept laser source
between an unlimited number  55     divided at a second splitting point;
and the of primary distribution fibres by the use of high      divided
local oscillator signals have relative power laser amplifiers. The network
can further be     delays imposed upon them by delay means extended by
combining many coherent spread            [err] located between the second
splitting point 5    



7                 EP 0 251 748 B1                    8 The signal path is
split N ways with an excess loss  spectrum  systems with conventional
wavelength of, say, 2dB for N of 1 to 20. Each signal is      multiplexing
techniques. The ultimate capacity of modulated by a phase modulator with
total fibre to  such a distribution network may only be limited by fibre
loss of, say, 3dB. All the outputs from the  the intrinsic fibre
transmission bandwidth. modulators  are  recombined  with  a  loss of   5
The present invention provides a new local [err]The transmission loss of
the network    distribution network scheme and transmission sys- may be
assumed to be 5dB. The loss at the          tem  which offers the
performance of coherent distributor may be taken as 10logN+2dB. A 3dB
transmission using a heterodyne spread spectrum loss is assumed for
recombining signal and local   concept. The demands on component resources
of oscillator fields prior to photodection. In the local  10  this new
network are particularly lean; a single DFB oscillator path the budgeted
losses include 3dB    laser source could be shared by up to 20 channels;
through the acoustic optic frequency shifter and a  no laser frequency
locking schemes are required; further 3dB through a polarisation controller
(when  and no narrowband optical filters are needed to used). The remaining
transmission and distribution  realise the basic network. Channel selection
is losses for the local oscillator path will be similar to  15  achieved
using only matched optical delays (the the signal path.
need for accurate matching of the phase delays is Although PSK is more
demanding on laser         eliminated by using heterodyne detection rather
linewidth than ASK for conventional heterodyne de-  than homodyne
detection) and for moderate. data tection this should not be as significant
in embodi-  rates (140Mbit/s) the terminal receiver can be of ments of the
invention when both the modulation   20  the standard PINFET type. The
system can be signal and local oscillator are derived from a com-  readily
extended by the application of conventional mon source and reasonable care
is taken to match   WDM techniques and also by the use of laser the delays
between the two paths before recom-     amplifiers. Although primarily
considered as a bination.                                          wideband
signal distribution network, the system For the above parameters a network
size of 20   25  can be reconfigured to provide a lower capacity x
14OMbit/s to 20 terminals would represent an     return channel without the
need for an individual upper limit from power budget considerations.
light source at each terminal. Another constraint that could limit network
size is the maximum FM deviation of the source laser.   Claims Taking a
instantaneous channel spacing of about 5   30 x IF bandwidth and by
assuming an IF bandwidth     1. A method of transmitting information using
a of 2 x bitrate a total optical frequency sweep of      broad spectrum
optical carrier signal, the about 28GHz is required for the 20 channel
method comprising the steps of dividing the scheme. This degree of current
controlled frequen-     carrier signal over at least two paths; modulat- cy
chirp has been reported by several groups   35      ing the carrier signal
in at least one of the working with DFB lasers.
paths in accordance with information to be The frequency of modulation used
will deter-       transmitted; recombining the divided signals to mine the
length of the fibre delays needed. For a      provide a recombined signal
after imposing a modulation rate of 1 MHz the maximum fibre delays
relatively different delay on each divided signal will be about 100 metres.
This length may be   40     to provide a delay multiplexed signal;
receiving considered a little unwieldy. To considerably re-      the
information at one of at least two hetero- duce the delay paths necessary
it is proposed that     dyne receivers [err] by dividing the recombined GHz
sweep frequencies could be used. This may          signal and coupling one
of the divided signals be achieved by driving the source laser at its
to said one receiver [err] and dividing a local relaxation frequency, say 1
to 2 GHz. Although this  45  oscillator signal having a frequency shifted
with would result not only in wide deviation frequency      respect to the
carrier signal and coupling one modulation but also in some unwanted
amplitude         of the divided local oscillator signals to said
modulation, the AM signal should be outband of         one receiver, the
divided local oscillator signal the receivers' IF.
coupled to the receiver having a relative delay Analogue transmission could
also be used.  50       corresponding to the delay of the information The
network can be extended by the inclusion        to be received;
characterised in that the optical of broadband travelling wave laser
amplifiers at       carrier signal is divided at a first splitting point,
strategic points in both the signal and local oscilla-  the divided signals
are recombined at a recom- tor paths. It may also be possible to share a
single   bination -point, and the recombined signal is swept laser source
between an unlimited number  55     divided at a second splitting point;
and the of primary distribution fibres by the use of high      divided
local oscillator signals have relative power laser amplifiers. The network
can further be     delays imposed upon them by delay means extended by
combining many coherent spread             [err] located between the second
splitting point    9                 EP 0 251 748 B1                     10



and the heterodyne receivers [err]                   divided signal to
provide a delay multiplexed signal; a respective heterodyne receiver [err]
2. A method according to claim 1, further corm-         associated with
each path; and divider means prising the step of generating the local
oscilla-    (3,7,8) for dividing a local oscillator signal hav- tor signal
from a source (25) other than that   5    ing a frequency shifted with
respect to the used to provide the carrier signal.                  carrier
signal and for coupling one of the di- vided local oscillator signals to
one of the 3. A method according to claim 1, further corm-
receivers; the divided local oscillator signal prising the step of
generating the local oscilla-    coupled to said one receiver having a
relative tor signal by frequency shifting a signal di-  io    delay
corresponding to the delay of the in- vided from the carrier signal.
formation to be received by that receiver; characterised by a first
splitting point at which 4. A method according to claim 3, wherein the
the optical carrier signal is split, a recom- local oscillator signal is
polarisation multiplexed  bination point at which the divided signals are
onto a common transmission path (6) with a   is      recombined, a second
splitting point at which recombined delay multiplexed signal.
the recombined signal is divided, and delay means [err] for imposing
relative delays on the 5. A method according to any preceding claim, in
divided  local oscillator signals, the delay which a portion of the
recombined signal and a       means being located between the second split-
portion of the local oscillator signal are mixed   20  ting point and the
receivers. to provide a return message carrier signal, and the return
message carrier signal is divided     12. An optical transmission system
according to over at least two paths, one of which is modu-       claim 11,
wherein the broad spectrum optical lated in accordance with a return
message and       carrier signal is provided by an optical source
recombined with the other message path with  25      (1) and means for
modulating the optical delay multiplexing.
source. 6. A method according to any preceding claim, in     13. An optical
transmission system  according to which the local oscillator signal is
combined        claim 12, wherein the means for modulating with the
recombined signal for transmission.  30     the optical source (1) impose a
triangular mod- ulation for providing the broad spectrum optical 7. A
method according to claim 6, in which the          carrier signal. local
oscillator signal is polarisation multiplexed with respect to the
recombined signal.           14. An optical transmission system  according
to 35      claim 13, further comprising means (8) for im- 8. A method
according to any preceding claim, in         posing a frequency shift on a
portion of the which the broad spectrum  optical carrier is         broad
spectrum optical carrier signal to provide generated by modulating a
source.                    the local oscillator signal. 9. A method
according to claim 8, in which the   40  15. An optical transmission system
according to carrier is modulated by a triangular waveform.       claim 14,
wherein the local oscillator signal is polarisation multiplexed and
transmitted with a 10. A  method  of transmitting  information  as
delay multiplex carrier signal. claimed in any preceding claim, further
com- prising the step of tuning the delay of the local  45  16. An optical
transmission system  according to oscillator signal by means [err]
associated with     any of claims 11 to 15, further comprising said one
receiver [err] to provide a means for        means for sending a return
message, wherein selecting a desired channel at that receiver.        a
portion of the multi-channel delay multiplex signal and a portion of the
local oscillator sig- 11. An optical transmission system using a broad   so
nal are mixed to provide a return message spectrum  optical carrier signal,
the system         carrier signal, and the return message carrier
comprising means for dividing the carrier sig-       signal is divided over
two paths one of which is nal into at least two paths; means [err] for
modulated in accordance with the return mes- modulating the carrier signal
in at least one of     sage and recombined with the other return the paths
in accordance with information to be   55  message path with delay
multiplexing. transmitted; means for recombining the divided signals to
provide a recombined signal after     Patentansprtiche imposing a
relatively different delay on each    11                EP 0 251 748 B1
12 1. Verfahren zur InformationsUbertragung unter         meldetragersignal
auf mindestens zwei Pfade Benutzung eines optischen Breitbandtragersi-
abgeteilt wird, von denen einer entsprechend gnals, das folgende Schritte
aufweist: Aufteilen   der RUckmeldung moduliert und mit dem an- 



des Tragersignals auf mindestens zwei Pfade;       deren Meldungspfad durch
Verz6gerungsmulti- Modulieren des Tragersignals in mindesten ei-   5
plexieren rekombiniert wird. K.'    nem der Pfade entsprechend der zu
Ubertra- genden Information; Rekombinieren der aufge-    6. Verfahren nach
einem beliebigen vorhergehen- teilten Signale zur Lieferung eines
rekombinier-   den Anspruch, bei dem das Empfangsoszilla- ten Signals nach
Erteilen einer relativ unter-     torsignal, zur Obermittlung, mit dem
rekombi- schiedlichen Verzdgerung an jedes abgeteilte  7o   nierten Signal
kombiniert wird. Signal, um ein verz6gerungsmultiplexiertes Si- gnal zu
liefern; Empfangen der Information in   7. Verfahren nach Anspruch 6, bei
dem das Emp- einem von mindestens zwei Heterodyne-Emp-
fangsoszillatorsignal in Bezug auf das rekombi- fingern (Di) durch Teilen
des rekombinierten       nierte Signal polarisationsmultiplexiert wird.
Signals und Ankoppeln eines der abgeteilten   15 Signale an einen der
Empfinger (DI); und Tei-   8. Verfahren nach einem beliebigen vorhergehen-
len eines Empfangsoszillatorsignals mit einer      den Anspruch, bei dem
der optische Breit- in Bezug auf das Tragersignal verschobenen
bandtriger durch Modulieren einer Quelle er- Frequenz und Ankoppeln eines
der abgeteilten       zeugt wird. Ky    Empfangsoszillatorsignale an den
einen Emp-  20 finger, wobei das an den Empfinger angekop-     9. Verfahren
nach Anspruch 8, bei dem der Tr- pelte abgeteilte Empfangsoszillatorsignal
eine     ger mit einer dreieckigen Wellenform moduliert relative
Verzogerung aufweist, die der Verzd-      wird. gerung der zu emptangenden
Information ent- spricht; dadurch gekennzsichnet, daB das opti-  25  10.
Verfahren zur Informationsabertragung nach ei- sche Tragersignal an einem
ersten Teilungs-        nem beliebigen vorhergehenden Anspruch, das punkt
unterteilt wird, die unterteilten Signale an  weiter den Schritt der
Abstimmung der Verzo- einem Rekombinationspunkt rekombiniert wer-
gerung des Empfangsoszillatorsignals durch den, und das rekombinierte
Signal an einem         Einrichtungen (ti') umfaBt, die mit dem genann-
zweiten Teilungspunkt unterteilt wird; und daB   30  ten einen Empfinger
(DI) assoziiert sind, um den abgeteilten Empfangsoszillatorsignalen re-
ein Mittel zur Wahl eines gewOnschten Kanals lative Verzdgerungen durch
Verz6gerungsein-        bei diesem Empfinger zu schaffen. richtungen (t')
erteilt werden, die zwischen dem zweiten Teilungspunkt und den Oberlage-
11. Optisches Obertragungssystem, das ein opti- rungsempfingern (DI)
angeordnet sind.      35      sches Breitbandtragersignal benutzt, und fol-
gende Mittel aufweist: Einrichtungen zum Auf- 2. Verfahren nach Anspruch 1,
das weiter den           teilen des Tragersignals auf mindestens zwei
Schritt der Erzeugung des Empfangsoszillator-      Pfade; Einrichtungen
(MI) zum Modulieren des K..4'    signals durch eine andere Quelle (25) als
die     Tragersignals in mindestens einem der Pfade zur Lieferung des
Tragersignals benutzten   40     entsprechend der zu O1bertragenden
Informa- Quelle umfaft.                                     tion;
Einrichtungen zum Rekombinieren der ab- geteilten Signale zur Lieferung
eines rekombi- 3. Verfahren nach Anspruch 1, das weiter den
nierten Signals nach der Erteilung einer relativ Schritt der Erzeugung des
Empfangsoszillator-      unterschiedlichen Verzogerung an jedes abge-
signals durch Frequenzverschiebung bei einem   45  teilte Signal, um ein
verzogerungsmultiplexier- vom Trigersignal abgeteilten Signal umfalt.
tes Signal zu liefem; einen jedem mad zuge- ordneter, entsprechender
Heterodyne-Empfan- 4. Verfahren nach Anspruch 3, bei dem das Emp-
ger (D1); und Teilereinrichtungen (3, 7, 8) zum fangsoszillatorsignal auf
einen gemeinsamen        Teilen des Empfangsoszillatorsignals mit rela-
Obertragungspfad (6) mit einem verzogerungs-  50   tiv zum Trigersignal
verschobener Frequenz multiplexierten Rekombinationssignal polarisa-
und zum  Ankoppeln eines der abgeteilten tionsmultiplexiert wird.
Empfangsoszillatorsignale an einen der Emp- finger; wobei das an den einen
Empfanger 5. Verfahren nach einem beliebigen vorhergehen-
angekoppelte, abgsteilte Empfangsoszillatorsi- den Anspruch, bei dem ein
Teil des rekombi-  55    gnal eine relative Verzdgerung entsprechend
nierten Signals und ein Teil des Empfangsos-       der Verz6gerung der vom
Empfinger zu emp- zillatorsignals zur Lieferung eines RUckmelde-
fangenden Information aufweist; gekennzsich- tragersignals gemischt werden
und das RUck-        net durch einen ersten Teilungspunkt, an wel- 7
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einen Rekombinationspunkt, an dem die abge-        apres avoir imposd un
retard relativement dif- teilten Signale rekombiniert werden: einen
ferent a chaque signal divise pour foumir un zweiten Teilungspunkt, an dom
das rekombi-         signal multiplex6 & retard; recevoir l'informa- ;
nierte Signal geteilt wird; und Verzdgerungs-   5  tion a un premier d'au
moins deux recepteurs K-_  einrichtungen (tl') zur Erteilung relativer
Verzd-  het6rodynes (Di) en divisant le signal recombi- gerungen an die
abgeteilten Empfangsoszilla-       n6 et en couplant l'un des signaux
divises torsignale, wobei die Verzogerungseinrichtun-      audit premier
recepteur (Di), et divisor un si- gen zwischen dam zweiten Teilungspunkt
und         gnal d'oscillateur local a frequence d6calde par den
Empffingern angeordnet sind.           10      rapport au signal de
porteuse et coupler l'un des signaux divisds d'oscillateur local audit 12.
Optisches Obertragungssystem nach Anspruch         premier recepteur, le
signal divise d'oscillateur 11, bei dom das optische Breitbandtrigersi-
local couple au recepteur prdsentant un retard gnal von einer optischen
Quelle (1) und Emn-       relatif correspondant au retard de l'information
richtungen  zum  Modulieron  dor optischen   1     A & recevoir;
caractdrisd en ce que le signal de Quelle geliefert wird.
porteuse optique est divise a un premier point de separation, les signaux
divises sont recoin- 13. Optisches Obertragungssystem nach Anspruch
bin6s a un point de recombinaison, et le signal 12, bei dom die
Einrichtungen zum Modulieren       recombind est divis6 a un deuxibme point
de Q   der optischen Quelle (1) eine Dreiecksmodula-  20    separation; et
les signaux divises d'oscillateur tion zur Lieferung des optischen
Breitbandtra-     local presentent des retards relatifs qui leur gersignals
orteilen.                               sont imposes par un moyen de retard
(ti') situd entre le deuxieme point de separation et 14. Optisches
Obertragungssystem nach Anspruch         les recepteurs heterodynes (Di).
13, das weiter Einrichtungen (8) zur Erteilung   26 einer
Frequenzverschiebung an einen Ab-         2. Un procedd  selon la
revendication 1, compre- schnitt des optischen Breitbandtralgersignals
nant en outre l'dtape consistant a engendrer le umfa~t, um das
Empfangs-oszillatorsignal zu        signal d'oscillateur local & partir
d'une source liefern.                                           (25) autre
que celle qui est utiliseo pour foumir 30      le signal de porteuse. 15.
Optisches Obertragungssystem nach Anspruch 14, bei dom das
Empfangsoszillatorsignal pola-  3. Un procdd6 selon la revendication 1,
compre- risationsmultiplexiert und mit einem verz6ge-      nant en outre
l'dtape consistant a engendrer le rungsmultiplexierten  Tragersignal
Ubermittelt     signal d'oscillateur local par ddcalage de fre- wird.
35      quence d'un signal divise provenant du signal de portouse. 16.
Optisches Obertragungssignal nach einem be- liebigen .Anspruch 11 bis 15,
das weiter Emn-   4. Un proced6 selon la revendication 3, dans *,2
richtungen zum  Senden einer RUckmeldung            loquel le signal
d'oscillateur local est multi- umfaRt, bei der ein Teil des
verzogerungsmul-  40  plex6 en polarisation sur un trajet commun de
tiplexierten Vielfachkanalsignals und ein Teil     transmission (8) avec un
signal recombin6 des Empfangsoszillatorsignals zur Lieferung ei-
multiplex6 a retard. nes Rtckmeldetragersignals gemischt werden, und bei
dem das RUckmeldetragersignal auf       5. Un proc6dd selon une
revendication pr6cdden- zwei Pfade aufgeteilt wird, von denon einer  45
te quelconque, dans lequel une partie du si- entsprechend der RUckmeldung
moduliert und         gnal recombine et une partie du signal d'oscil- durch
Verzdgerungsmultiplexieren mit dom an-       lateur local sont melangees
pour fournir un deren RUckmeldopfad rekombiniert wird.             signal
de porteuse de message de renvoi, et le signal de porteuse de message de
renvoi est Revendlcations                                80       divis6 en
au moins deux trajets, dont l'un est module conformement & un message de
ron- 1. Un proced6 de transmission d'information utili-     voi et est
recombin6 avec l'autre trajet de sant un signal de porteuse optique a large
message avec un multiplexage a retard. bande, le procedd comprenant les
etapes consistent a diviser le signal de porteuse en au   55  6. Un procede
selon une revendication pr6c6den- moins deux trajets; moduler le signal de
por-      to quelconque, dans lequel le signal d'oscilla- teuse dans au
moins l'un des trajets selon une     tour local est combine avec le signal
recombi- information a transmettre; recombiner les si-      ne en vue de la
transmission. 8 8 .1111111 1L1111 11111 11111 111 *   C   L   M   S   s,



15                EP 0 251 748 B1                    16 7. Un proc6de selon
la revendication 6, dans           lation de la source optique. Iequel le
signal d'oscillateur local est multi- plexe en polarisation par rapport au
signal re-  13. Un signal de transmission optique selon la combine.
revendication 12, dans lequel le moyen de :  5    modulation de la source
optique (1) impose & 8  Un proced4 selon une revendication preceden-
une modulation triangulaire pour fournir le si- te quelconque dans loquel
la porteuse optique      gnal d'onde porteuse optique a large spectre. A
large spectre est engendr6e par modulation d'une source.
14. Un systbme de transmission optique selon la 10      revendication 13,
comprenant en outre un 9. Un proc6d4 selon la revendication 8, dans
moyen (8) d'imposition d'un d~calage de fr6- lequel la porteuse est modulde
selon une for-      quence a une partie du signal d'onde porteuse me d'onde
triangulaire.                            optique A large spectre afin de
r6aliser le si- gnal d'oscillateur local. 10. Un proc~d6 de transmission
d'information se-  15 lon une revendication pr6cedente quelconque,    15.
Un systbme de transmission optique selon la comprenant en outre l'etape
consistant a ac-       revendication 14, dans loquel le signal d'oscil-
corder le retard du signal d'oscillateur local par  lateur local est
multiplexA  en polarisation et un moyen (ti') associe audit premier
r~cepteur     transmis avec un signal de porteuse multiplex6 (Di) pour
r6aliser un moyen de choix d'un   20     & retard. canal souhaite a ce
r6cepteur. 16. Un systeme de transmission optique selon 11. Un systeme de
transmission optique utilisant       l'une quelconque des revendications 11
A 15, un signal d'onde porteuse optique a large ban-     comprenant en
outre un moyen d'envoi d'un de, le systeme comprenant un moyen de divi-  25
message de renvoi, dans lequel une partie du sion du signal de porteuse en
au moins deux        signal de multiplex a retard a canaux multiples
trajets; un moyen (Ml) de modulation du signal     et une partie du signal
d'oscillateur local sont de porteuse dans au moins l'un des trajets
m~langdes pour fournir un signal de porteuse selon une information A
transmettre; un moyen      de message de renvoi, et le signal de porteuse
de recombinaison des signaux divis~s pour  30      de message de renvol est
divise en deux tra- fournir un signal recombine aprbs avoir impos4     jets
dont l'un est modul4 selon le message de un retard relativement diff6rent a
chaque signal   renvoi et recombin6 avec l'autre trajet de mes- divis6 pour
fournir un signal multiplex6 a re-     sage de renvol avec un multiplexage
a retard. tard; un recepteur hdt6rodyne respectif (Di) associe a chaque
trajet; et un moyen diviseur  35 (3, 7, 8) pour diviser un signal
d'oscillateur local a fr~quence d~calde par rapport au signal de porteuse
et pour coupler l'un des signaux divis~s d'oscillateur local a un premier
des recepteurs; le signal divis6 d'oscillateur local  40 couple audit
premier recepteur presentant un retard relatif correspondant au retard de
l'infor- mation a recevoir par ce r6cepteur; caractefise par un premier
point de separation auquel le signal d'onde porteuse optique est separe, un
45 point de recombinaison auquel les signaux di- vises sont recombines, un
deuxieme point de separation auquel le signal recombin6 est divi- s6, et un
moyen de retard (t,') pour imposer des retards relatifs aux signaux divises
d'oscil-  50 lateur local, le moyen de retard 6tant situe entre le deuxieme
point de separation et les r6cepteurs. 12. Un systeme de transmission
optique selon la  55 revendication 11, dans lequel le signal d'onde
porteuse optique & large spectre est fourni par une source optique (1) at
un moyen de modu- 9  I I!11! 111111 Illil 1III! II I!I    


