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works" a system employing sub-carrier multiplexing In a head station for
the distribution of video signals The present Invention relates to optical
commu-  over an optical network. nications systems, and particularly but
not exclusive-  In the Olshansky system a number of voltage ly, to systems
employing a broadband passive optical   5   controlled oscillators
operating at microwave fre- network (BPON) for carrying Interactive high
defini-  quencies are directly frequency modulated. The out- tion
television (HDTV) services.                   puts from the oscillators are
combined In a combiner Advancing technical standards for television sig-
whose output Is used to intensity modulate the trans- nals and
consumer-demand for an Increasing range   mitter laser, and Olshansky
refers to wide bandwidth of associated services has led to a need for
systems   10  (15 GHz) devices as detectors In the remote termi- capable of
carrying interactive HDTV. For the distrib-  nals. With the Olshansky
head-end arrangement, it ution of conventional PAL encoded television
signals  would not be possible to employ a coherent hetero- the use of a
BPON having a branched configuration  dyne detection system in the customer
stations be- has been proposed. However, It Is found that because  cause of
a characteristic of the transmission spec- of the increased bandwidth
needed for HDTV signals  15  trum of such a head-end known by engineers as
conventional networks are unable to carry more than  'chirp'. a few
channels within the limits Imposed by the avail-  This problem is avoided
in the system of the pres- able power budget. This problem
isfurtherexacerbat-  ent Invention by the use of the external modulator ed
by the need in an Interactive HDTV system to pro-  which receives the light
from the head-end laser and vide channels for return data transmission from
the   20   modulates it with the transmission signal. customer stations to
the head-end station.             According to the present Invention an
optical There is known from, ECOC 87, Technical Digest,  communications
system comprises: Vol. III, pages 79-87; C. Baack et al.: Coherent mul-
a head-end station including an optical source, ticarrier techniques In
future broadband communica-  a bi-directional transmissive broadband
passive tion networks" a system for providing ISDN services,  25  branched
optical network arranged to distribute sig- broadband communication
service, video telephone   nals from the head-end station to customer
stations and broadband distribution services such as HDTVto  and to carry
return data transmissions from the cus- customers via respective single
fibres. The head sta-  tomer stations to the head-end station, each custom-
tion employs a separate laser for each wavelength to  er station being
coupled to a respective arm of the be transmitted onto the fibre network
and the custom-   30  optical network and including a coherent receiver
er's station employs heterodyne detection. Upstream  having a local
oscillator laser: transmission from customer' s station Is obtained by
characterised In that the head-end station further in- feeding the output
of a separate opto-electronic con-  dudes a modulator associated with the
optical source verter Into a fibre coupier In the customer's station  and
arranged to receive light from Its associated opt- and, for each customer,
feeding an output from a re-  35  Ical source and to modulate the light
with a signal for spective coupler at the head station to a respective
distribution to the customer stations, and a broad- opto-electronic
converter.                         band optical receiver arranged to
receive and demod- In Japanese patent application no 58-81812 (pub-  ulate
return data received via the optical network lication JP-A-59 208952) in
the name of Fujitsu KK.  from the customerstations, and In thateach
customer each of the two stations linked by go and return fibres   40
station further includes transmission means ar- has a local oscillator
laser employed in a coherent  ranged to receive light from its associated
local oscil- heterodyne receiver. Light from the local oscillator  lator
laser and to modulate the light with the return laser in one station Is
modulated by local data for  data for transmission onto the network.
transmission to the other station. In such a point to  The present
Invention provides a system which point arrangement there is no need for a
stable laser  45   has been found to offer significant advantages as a
frequency because the feedback control acts to sta-  carrierfor e.g.
Interactive HDTV. The use of synchron- bilise the frequency difference
between the transmit-  ous detection at each customer station increases the
ter laser and local oscillator laser In a station.  effective sensitivity
of the system and so allows more The Fujitsu system is limited to one
station re-  channels to be carried within a given power budget. ceiving
only f2 from a single remote station, from   5o  At the same time the local
oscillator laser In each re- which it produces [err] and thereby controls
the trans-  ceiver provides a source for upstream data transmis- mitter to
maintain [err] constant. If a station were to  sion. Since there is then
effectively one source for be coupled to more than one remote station then
the  each of the return data channels it is possible to use feedback
control would have present the signals [err] -  a broadband receiver at the
head-end station to re- [err], etc and would not be able to function.  55
celve the return data, despite Its relative insensitivity. There is
disclosed in ECOC 87, Technical Digest,  The use of broadband detection in
the head-end sta- Vol II, pages 122-125, R. Olshansky: RF multiplexing
tion receiver simplifies the requirements for the techniques applied to
video distribution in local net-  transmission circuitry In each customer
station. 2    



3                   EP 0 474 692 B1                 4 Preferably the
bi-directional network Is In the  natively a modulator formed from
Potassium titanyl form of a single branched optical fibre arrangement,
phosphate (KTP) may be used. each customer station has its coherent
receiver cou-   The amplitude of the optical output from the mod- pled to
Its respective arm via an optical coupler and  ulator 5 varies in
accordance with the applied modu- the outputfrom Its transmission means Is
fed onto the   5   lating signal. Phase or frequency modulation may al-
network via the optical coupler.                   ternatively be used. In
the present example the mod- Preferably the optical source has a frequency
[err]  ulating signal is a sub-carrier multiplex of 16 HDTV and its
associated modulator is arranged to modulate  channels occupying a total
bandwidth of approxi- the light with a sub-carrier multiplex of n shannels
mately 10GHz. Although the channels may be analo- where n is an integer
greater than 2, the n channels  10  gue encoded In the preferred example
they are digi- having frequencies [err] separated in frequency-  tally
encoded with a data rate of the order of 500Mb/s, space from each other and
from [err] and the transmis-  in which case the signals are encoded on the
carrier slon means of each customer station are arranged to  from the laser
using frequency shift keying. Figure 3 transmit the return data at a
frequency [err] where [err] is  shows part of the spectrum of the output
from the a frequency different from the frequencies [err]          15
modulator. of the downstream channels.                            The
signal from the modulator 5 Is coupled to the Preferably the head end
station Includes a further  optical fibre network 2 via a coupler 10. The
network optical source having a frequency [err] and an associat-  2
comprises a broadband passive branched optical ed modulator, the n channels
of the corresponding  network using a configuration with a single fibre ex-
sub-carrier multiplex having frequencies [err]          20  tending to each
customer station and passive splitters separated in frequency-space from
each other and [err]  or couplers at each node of the network. and from
[err] and the frequency fr of the return  In Figure 2 the coupler 10 is
shown as having two transmission Is different from the frequencies [err]
outport ports connected to two fibres, and may be [err] of the downstream
channels.               considered as the first stage of splitting in the
branch- Preferably each customer station is arranged to  25  ed network.
Depending on the coupler construction it select a frequency [err] spaced
from but adjacent to the  may have any convenient number of output ports.
selected one of the downstream channels selected       Each customer
station 3 includes a receiver em- for reception by that customer station.
ploying a coherent heterodyne detection system. The Preferably n is greater
than or equal to 16.    respective arm of the fibre network 2 is fed to a
cou- Preferably the system includes at least 16 cus-  30   pier 6at the
input of each receiver. The coupler 6 also tomer stations and the or each
optical source of the  receives an optical input from a local oscillator
laser head-end station has an optical power output of sub-  7 which is
mixed with the Input signal from the net- stantially I mW.
work. The frequency of the local oscillator laser 7 Is A system In
accordance with the present inven-  controlled by an AFC control loop 8
which is In turn tion will now be described in detail with respect to the
35  controlled by an input from a channel select circuit 9. accompanying
drawings in which:                    The AFC control 8 locks the local
oscillator laser 7 at Figure 1 Is a block diagram;                    a
frequency offset from the 1.52nm carrierfrequency Figure 2 is a schematic
showing the head-end    byan appropriate amountto selecta desired channel.
station in greater detail;                      Then when the signal from
the local oscillator laser 7 Figure 3 is a graph showing the spectral
positions   40  is mixed with the input to the coupler 6 a low-frequen- of
frequency components of an HDTV signal;      cy heterodyne output is
produced. This output is fed Figure 4 is a schematic showing a customer
sta-  to a low-frequency optical receiver 16 having a band- tion; and
width of approximately 80 MHz for an analogue sys- Figure 5 is a graph
showing the spectral positions  tem or 350 MHzfora digital system. Such an
ASK het- of interactive slots.                      45  erodyne system has
a theoretical maximum sensitiv- A system for distributing HDTV signals
comprises  ity of -60 dBm and in practice a sensitivity as high as a
head-end station 1 connected vi a passive branch-  -50 dBm can be achieved.
ed optical fibre network 2 to a number of customer     The data output from
the receiver may be used to stations 3. In Figure 1, for clarity, only a
single cus-  provide feedback to the channel select mechanism, tomer
station is shown but in practice 18 or more sta-  50  the initial tuning
being achieved by looking for an en- tions will be connected to a single
head-end station.  coded channel identification on the received signals The
head-end station I Includes a single optical   and the lock subsequently
being maintained by the source, which in the present example Is provided by
AFC loop. The tuning is controlled by varying the a distributed feedback
laser 4 having an operating  drive current to the local oscillator and only
a small wavelength of 1.52nm and an output power of I mW.  55  shift is
required to select a given channel. The output from the laser4 Is fed to an
external a LiN-  In the preferred embodiment digital modulation is B03
modulator 5 where It is intensity-modulated by a  used and then it is
straightforward to provide polari- sub-carrier multiplex signal as
described below. Alter-  sation independence In the demodulation at the re-
3    



5                   EP 0 474 692 B1                 6 ceiver. If however it
is required to carry analogue  will be Inversely proportional to the
bandwidth of the modulated signals on the network then polarisation
channels. scrambling is used at the receiver to provide the re-  Whereas
the optical network 2 Is in the form of a quired polarisatlon Independence.
The t chniques of  single branched optical fibre, in an alternative ar-
polarisation scrambling In coherent detection are de-   5   rangement it
can be In the form of separate go and re- scribed In detail in the paper by
T.G. Hodgkinson etal.  turn branched optical fibres, In which case the
output published at pages 513-514 of Electronics Letters,  from the
polarization scrambler 14 is fed directly to Vol 23, No.10, 7th May 1987.
the respective arm of the return optical fibre, and the The use of the
networkfor interactive services re-  respective arm of the go optical fibre
is connected to quires the transmission of data in the return direction
10  the coupler 6. that Is from each customer station upstream to the
head-end station. The upstream data transmissions from individual stations
will typically have a narrower  Claims bandwidth than the conventional HDTV
signals and may, for example comprise PAL encoded TV signals.  15  1. An
optical communications system comprising; a The downstream data may
comprise an HDTV signal       head-end station (1) including an optical
source of the type described above as when, forexample, the   (4), a
bi-directional transmissive broadband pas- customer selects video programme
material from a li-  sive branched optical network (2) arranged to dis-
brary held at the head-end station. In other applica-  tribute signals from
the head-end station (1) to tions when, for example, both upstream and
down-  20   customer stations (3) and to carry return data stream
transmissions comprise digitised text, then     transmissions from the
customer stations (3) to both the upstream and downstream channels are of
the head-end station (1), each customer station narrower bandwidth than the
HDTV signals otherwise     (3) being coupled to a respective arm or the
opt- carried on the network.                               Ical network
(2), and including a coherent receiv- As shown in Figure 4 the local
oscillator laser 7   25  er (6, 7, 8, 16) having a local oscillator laser
(7): provides the optical source for the upstream data      characterlsed
in that the head-end station (1) fur- transmissions from each customer
station. The out-    ther includes a modulator (5) associated with the put
of the laser 7 is taken to a coupler 11. One output  optical source (4) and
arranged to receive light of the coupler 11 is fed via coupler 6 into the
primary  from Its associated optical source and to modu- detection loop.
The other output of the coupler 11  30  late the light with a signal for
distribution to the feeds a modulator 13. The modulator 13 modulates
customer stations, and a broadband optical re- the optical signal from the
laser 7 with the data for up-  ceiver (17) arranged to receive and
demodulate stream transmission using, for example, amplitude      return
data received via the optical network (2) shift keying (ASK). The output
from the modulator 13   from the customer stations (3), and in that each is
fed via a polarisation scrambler 14 to an Input/out-  35  customer station
(3) further includes transmis- put coupler 12 and from there onto the
network.        sion means (11, 13, 14) arranged to receive light When a
customer station enters interactive mode    from Its associated local
oscillator laser (7) and a frequency slot is allocated to the station from
a se-  to modulate the light with the return data for lection of channels
not used for broadcast so enabling  transmission onto the network (2).
wavelength reuse. Within the slot, the return channel  40 is positioned
adjacent to, but spaced from, the down-  2. A system according to claim 1,
in which the bi-di- stream channel, as shown in Figure 5.
rectional network Is In the form of a single branch- At the head-end a
wideband optical receiver 17     ed optical fibre arrangement, each
customer sta- receives the entire multiplex of upstream customer    tion
(3) has its coherent receiver (6,7,3, 16) cou- traffic. If the split ratio
is high then a coherent detector  45  pled to Its respective arm via an
optical coupler is used at the head-end, otherwise direct detection is
(12) and the output from its transmission means employed. As shown in
Figure 2, a portion of the out-  (11, 13,14) is fed onto the network (2)
via the opt- put from the transmit laser 4 is coupled via a coupler  ical
coupler (12). 15 having a coupling ratio of typically 10: 1 into the path
of the Incoming optical signal to provide the ref-  50  3. A system
according to either claim I or claim 2, erence signal for a conventional
coherent detection    In which the optical source (4) has a frequency [err]
system.                                                and its associated
modulator (5) is arranged to Although the above described embodiment is
modulate the light with a sub-carrier multiplex of concerned with the
distribution of HDTV signals and    n channels where n is an Integer
greater than 2, the return transmission of PAL encoded TV signals,  55  the
n channels having frequencies [err] it will be appreciated that the
technique of the present  separated In frequency-space from each other
Invention can be used with any other suitable signals,  and from [err] and
the transmission means (11, 13, so that the number of channels available in
the SCM    14) of each customer station (3) are arranged to 4    
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7                   EP 0 474 692 B1                 8 transmit the return
data at a frequency f, where   tel (11, 13, 14) umfallt, die eingerichtet
sind, urn fr Isa frequency differentfrom the frequencies [err]  Llcht vom
ihr zugeordneten Lokaloszillator-Laser [err] of the downstream channels.
(7) zu empfangen und das Licht mit den ROck- Obertragungsdaten fOr die
Obertragung auf dem 4. A system according to claim 3 in which the head-   5
Netz (2) zu modulieren. end station includes a further optical source (4)
having a frequency [err] and an associated modula-  2. System nach Anspruch
1, bel dem das bidirektio- tor (5), the n channels of the corresponding
sub-  nale Netz die Form einer einzelnen verzweigten carrier multiplex
having frequencies [err]      Faseranordnung hat und der koharente Empfan-
separated In frequency-space from each other  10   ger (6, 7, 8, 16)
einerjeden Kundenstation (3) an and [err] and from [err] and the frequency
[err]       den ihr entsprechenden Zweig Ober elnen opti- ooschen
Richtkoppler (12) gekoppelt ist und das of the return transmission is
different from the   Ausgangsaignal der Sendemittel (11, 13, 14) ei-
frequencies [err]  of the downstream chan-       ner jeden Kundenstation
(3) Ober den optischen nels.                                      15
Richtkoppler (12) ins Netz (2) gespeist wird. 5. A system according to
either claim 3 or claim 4,  3. System nach Anspruch I oder 2, bel dem die
op- In which each customer station (3) is arranged to  tische Quelle (4)
mine Frequenz f0 hat und der ihr select a frequency f, spaced from but
adjacent to  zugeordnete Modulator (5) eingerichtet ist, um the one of the
downstream channels selected for  20  das Licht mit einem n-kanaligen
Subtrager-Multl- reception by that customer station.
plexsignal zu modulleren, wobei n mine ganze Zahl gr8Ber als 2 lst und die
n Kanile voneinan- 6. A system according to any one of claims 3 to 5,
der Im Frequenzraum beabstandete Frequenzen in which n Is greater than or
equal to 16.         f1, f2 ... f. haben, und bei dem die Sendemittel (11,
25      13, 14) einerjeden Kundenstation (3) eingerichtet 7. A system
according to any one of the preceding      sind, um die
Rflckflbertragungsdaten bei miner claims, In which the system includes at
least 16   Frequenz fr zu fGbertragen, wobei fr mine von den customer
stations (3) and the or each optical      Frequenzen f1, f2,... f, der
Stromabkanale ver- source (4) of the head-end station (1) has an opt-
schiedene Frequenz ist. ical power output of substantially I mW.   30 4.
System nach Anspruch 3, bei dem die Kopfstati- on elne weitere optische
Quelle (4) mit einer Fre- Patentanspriiche
quenz f0 und einen zugeordneten Modulator (5) enthalt, wobel die n Kanale
der entsprechenden I. Optisches Kommunikationsaystem mit         35
Subtrager-Multiplexsignale Frequenzen f1l, f2',... elner Kopfstation (1)
mit einer optischen Quelle   f,' haben, die Im Frequenzraum voneinander,
von (4), einem bidirektlional Obertragenden verzweig-  f0' und von fl,
f2,.... f% beabstandet sind, und be! ten passiven optischen Breitbandnetz
(2), das min-  dem die Frequenz fr der Rlckfibertragung sich gerichtt Ist,
um Signale von der Kopfstation (1) an  von den Frequenzen fl, f2,... fn der
Stromabkana- Kundenstationen (3) zu verteilen und Datenrfcik-  40  le
unterscheidet. Obertragungen von den Kundensatationen (3) zur Kopfstation
(1) zu leiten,                  5. System nach Anspruch 3 oder 4, bel dem
jede wobei Jede Kundenstation (3) Jeweils an elnen      Kundenstation (3)
eingerichtet Ist, um mine Fre- Zweig des optiachen Netzes (2) gekoppelt Ist
und   quenz fr auszuwahlen, die derjenigen der zum einen kohirenten
Empfanger (6, 7, 8, 16) mit el-  45  Empfang durch dlese Kundenstation
ausgewahl- nem Lokaloszillator-Laser (7) umfalt,              ten
Stromabkanale benachbart, doch von dieser dadurch gekennzeichnet, dall.
verschieden ist. die Kopfstation (1) ferner einen Modulator (5), der der
optischen Quelle (4) zugeordnet ist und emn-  6. System nach einem der
Ansprflche 3 bis 5, bei gerichtet ist, um Licht von der ihm zugeordnetmn
50  dem n gr8Ber oder gilech 16 ist. optischen Quelle (4) zu empfangen und
das Licht mit einem Signal zur Verteilung an die Kunden-  7. System nach
minem dervorhergehenden AnsprG- stationen zu modulleren, und minen
optischen       che, bel dem das System wenigetens 16 Kunden-
Breitbandempfanger (17) umfal~t, der eingerich-    statbonen (3) enthalt,
und bel dem die oderJede tit ist, um fiber das optische Netz (2) von den 55
optische Quelle (4) der Kopfstation (1) mine opti- Kundenstatlonen (3)
empfangene Rfckflbertra-       sche Ausgangsleistung von ca. I mW hat.
gungsdaten zu empfangen und zu demodulieren, und dalljede Kundenstation (3)
ferner Sendemit- 5    9                   EP 0 474 692 Bi
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* C   L   M   S * Revendlcatlons
source optique (4) ayant une frequence f0' et un modulateur (5) respectif,
lea n canaux du multi- 1. Systemo de communication optique comprend:
plex de souis-portbuses ayant des fr6quences f11, une station d'extr6mit6
de tete (1) conte-   f21, ..., f&' separees les unes des autres et de fo'
nant une source optique (4), un reseau optique   5  ainsi que de fl, f2,
..., f, par des intervalles de fre- (2) ramifi6 passif A large bands, a
transmission   quence, et la frequence frdo l'emission de retour
bi-directionnelle, agence pour distribuer des si-  eat diff6rente des
fr6quences f11, f21, ---, fn' ca- gnaux en provenance de la station
d'extr6mite de   naux descendants. tte (1) a des stations de clients (3),
et pour trans- porter des transmissions de donn6es de retour  10  5.
Systeme selon la revendication 3 ou la revendi- des stations de clients (3)
A la station d'extremit6  cation 4, dans lequel chaque station de client
(3) de t~te (1), chaque station de client (3) etant cou-  est agencee pour
s6lectionner une frequence fr pl6e A une branche respective du r6seau
optique    s6par6e de, mais adjacente A, cello des canaux (2) et comprenant
un receptour coherent (6, 7, 8,  descendants qui eat s6lectionnee pour la
recep- 16) ayant un laser oscillateur local (7), caract6ri-  1s  tion par
cette station de cdient. s6 en ce quo la station d'extr6mit6 de tWe (1)
comprend en outre un modulabtur (5) associe A   6. Systeme selon une
quelconque des revendica- la source optique (4) et agence pour recevoir la
tions 3 a 5, dans lequel n eat superieur ou egal A lumlere de sa source
optique respective, et pour   IB. moduler la lumibre avec un signal qu'il
s'agit de   20 distribuer aux stations de clients, etun rhcepteur  7.
Systeme selon une des revendications pricA- optique A large bande (17)
agence pour recevoir    dentes, dans lequel le systeme comprend au et
demoduler des donnees de retour reoues par      moins I6 stations de
clients (3) et la source opti- l'intermediaire du reseau optique (2) en
prove-    quo ou chaque source optique (4) de chaque ex- nance des stations
de clients (3), et en ce quo   25  tremite de tote (1) a une sortie de
puissance op- chaque station de client (3) comprend on outre     tique de
l'ordre de I mW. des moyens d'6mission (11, 13, 14) agences pour recevoir
de la lumiere issue de son laser osdlla- tour local (7) respectif et pour
modular la lumiere avec les donnees de retour afin de les transmet-  30 tre
sur le r6seau (2). 2. Systeme selon la revendication 1, dans loquel le
reseau bidirectionnel se prisent sous la forme d'un unique dispositif A
fibres optiques ramifi6,  35 chaque station de clients (3) possbde son
recep- tour coherent (6, 7, 8, 16) couple A as branche respective a travers
un coupleur optique (12), et lasortie deson moyen d'6mission (11,13,14)est
envoyee sur le r~seau (2) A travers Is coupleur  40 optique (12). 3.
Systeme selon la revendication I ou la revendi- cation 2, dans loquel lI
source optique (4) posse- de une frequence (fo), et son modulateur respc-
45 tif (5) eat agence pour moduler la lumiere avec un multiplex de
sous-porteuses de n canaux, oO n eat un nombre entier superieur A 2, les n
canaux ayant des frequences f1, f2, ..., f, separies lea unes des autres
etdefo pardes intervalles defrA-  50 quence et les moyens d'emission (11,
13,14) de chaque station de client (3) sont agences pour transmettre les
donnees de retour A une frequen- ce fr, ob fr est une frequence differente
des fre- quences f1, f2, ..., fn des canaux descendants.    55 4. Systeme
selon la revendication 3, dans lequel la station d'extremIt6 de tte
comprend une autre 6    


