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to an optical fibre
communications system, and in particular to an optical fibre

communications system capable .of carrying' both broadband

This invention relates
.

signals and interactive signals such as telephony and ISDN.
In optical transmission systems, the radiation used is
not necessarily in the visible region of the electromagnetic

spectrum, and so the words "optical" and "light" when used in

‘this specification are not to be interpreted as implying any

limitation to the wvisible spectrum. the

wavelengths preferred for transmission through silica optical

For example,

fibres are in the infra red region .of the spectrum, because
the low loss minima of silica_fibres occur at about 1.3 and
1.5 microns. _

Optical transmission systems may be wutilised to
distribute both interactive services such as telephony and
ISDN, and broadband services such as video channels, video
telephony and infermation services such as picture videotext.
In general, the primary service,
of
Inéreasingly, however, there is a perceived need for optical
transmission systems to be able to carry both interactive
services and broadband services.

at least as preésently

measured in terms subscriber 1lines, is telephony.

Various

techniques are available for

separating
different services for transmission over the same lines, for
example the transmitted signals may be time, wavelength or
sub-carrier freQuency multiplexed.

with different

Wavelength division
different
would require additional optical transmitters

multiplexing, services on

wavelengths,
and receivers to be installed wherever an expansion of
services and additional channels is required.
Conventional broadband service provision,
that provided by the cable TV companies,
modulated (AM) transmission.

for example
uses amplitude
Unfortunately, AM transmission

is not suitable for passive optical networks (PONs), due to

signal-to-noise-ratio limitations and intermodulation
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.5 communi cati ons system capabl e of carrying both broadband signal s and

int.eractive signals such as tel ephony and | SDN. I'n optical
transm ssion systens, the radiation used is not necessarily in the
visible region of the el ectronmagnetic - gpectrum and so the words
""optical" and "light" when used in 10 this specification are not to be
interpreted as inplying any limtation to the visible spectrum
exanpl e, tHEStoTRiRN chapoRe iy antdsalot nansmivitegison Ahtbogkyhslbseas

opti cal fabs eve i@ dévéhépé&f%ﬁléﬁdoffgfoﬂhgfpiagﬁéeecafuﬁbgggﬁgu%ﬁe
the low loss minina,of silica fibres occur at about

M crons. requiredy PerLpraannae it RskpRs ey kYRnBTRAS, bEhat PPESEAL: Hudget
distribute bothievdallactiVek steiM Qs wii8h ldnitteldaephaaady opd cal splitting

5 of the signal will, therefore, be minimal.

The. present invention provides ~an optical fibre
communications system comprising a head end connected to n
customers by an optical fibre network, the head end
comprising a transmitter unit and a receiver unit, and each

10 of the customers has an optical network unit comprising an
~optical receiver and a transmitter unit, the head end
transmitter and receiver units being connected respectively

to the receivers and the transmitter units of the customer
optical network units by at least one passive optical

15 network, said at ieast one passive optical network
constituting the optical fibre network, wherein the head end
transmitter unit is constituted by.an optical transmitter
driven by a sub-carrier multiplexer, the sub-carrier
multiplexer having a plurality of input sub-carriers at

20 different frequencies, one of said sub-carriers carrying
interactive signals provided by a further transmitter unit,
and the remaining sub-carriers carrying broadband service
signals, wherein each customer transmitter unit includes an
optical transmitter and means for multiplexing interactive

25 signals and control signals to drive said optical
transmitter, and wherein the head end includes a system

conhtrol unit for controlling the transmission of broadband

For

services by the head end transmitter unit in dependence upon

the control signals received by the head end receiver unit
30 from the customer transmitter units.

Advantageously, the head end optical transmitter is
arranged to operate at a first predetermined wavelength, and
each of the customer optical transmitters is arranged to
operate at a second predetermined wavelength. Preferably,

35 the first predetermined wavelength lies in the range of from
1500nm to 1650nm, and the second predetermined wavelength
lies in the range from 1260nm to 1360nm.
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.1 SD\; and broadband services such as video channels, video t el ephony and

i"nf.ormati on services such as picture videotext. 20 In general, the primary
service, at |least as presently nmeasured in ternms of subscriber |
lines, -is telephony. I ncreasi ngly, “however, there is a perceived need
“for:optical transm ssi on systens to be able to carry both interactive

serY] oo 2N 020G SIS Rhnegnn A od FALEYSEs Mfoire, e

avai l able for separating eren serv
sane |ines, qRfical sxelpekthe consthtueted byghqmsrmbg Hrs t nepdwawebeagt h

or sub- cagimgex f Ay ! s, "By I
S T ex IRBUSRE peildh! Rbe¥BLKs, JuPhBAANY o YighONep 1 e, ths,

[tiplexin different
V\n/gul dpr equi %ehead‘#rlsqoﬁélmp 5t BaPsivaneRti¢al snetwork connecting the hea

.5 end transmitter unit to the receivers of the customer optical
network units, and the second simplex passive optical network
connecting the head end receiver unit to the transmitter
units of the customer optical network units. Alternatively,
said at least one passive optical network may be constituted

10 by a duplex passive optical network having an n-way split.
In this case, the head end transmitter unit and the head end
receiver unit are connected to the duplex passivé optical
network via a wavelength division multiplexer (WDM), and the
receiver and transmitter unit of each customer are connected

15 to the duplex passive optical network via a respective WDM.

Preferably, the system further comprises a video

server for supplying video film signal information to the
éub-carriers carrying broadband service signals. In this

_ case, the system may further comprise a switch for

20 controlling the supply of video film signal information from
the video server to the sub-carriers carrying broadband
service signals. Advantageously, the system further
comprises a broadcast distribution network for supplying
broadcast television channels to the sub-carriers carrying

25 broadband service signals via said switch. Preferably, the
broadcast._distribution network and the video server are
connected to the switch by an SDH ring.

Conveniently, a respective receiver/tuner unit is
associéted with the receiver of each of the customer optical

30 network units, the receiver/tuner units being arranged to
convert received video film signal information into a form
suitable for reception by'a television apparatus.

Advéntageously, the interactive signals are digitally
phase modulated onto said one sub-carrier. Preferably, the

35 broadband service signals are frequency modulated onto said
remaining sub-carriérs. Alternatively, the broadband service

signals are digitally phase modulated onto said remaining

_\
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.and receivers to be installed wherever an expansi on of servi ces and

addltlonal channel s is required. Conventi onal broadband service
prov!5|on for exanple t hat provided by the cable TV conpani es, uses -
anplitude 35 nodul ated (AM transmi ssi of. Onfortunately, AMtransm ssion
'is not suitable for passive optical netmorks (PONs), due to

signal -to- nmgg cr:g;:}:fersl [ niﬁaeti'.t er ca qdargreartrmu&)%ta's%nshlft keying
(QPSK) may be used for dlgltally phase modulating signals
onto said sub-carrier(s).
Two forms of optical fibre communications system, each
5 of which is constructed in accordance with the invention,
will now be described, by way of example, with reference to
the accompanying drawings, in which: -
Figure 1 is a schematic representation of the f:Lrst
system; .

10 Figure 2 is a schematic representation of the second

system; and

Figure 3 is a schematic representation of the head end
of a modified form of either of the systems of Figures 1 and
2. _

15 Referring to the drawings, Figure 1 shows a TPON/BPON
optical fibre communications system having a head end station
includihg a BPON transmitter 1 and a TPON receiver 2. The
transmitter 1 is connected to 256 customer premises (only one
of which is shown) via a simplex PON indicated generally by

20 the reference numeral 3. Similarly, the TPON receiver 2 is
connected to the 256 customer premises by a simplex PON
indicated generally by the reference numeral 4. The BPON
transmitter i is Dbasically a 1laser provided ﬁith

control/monitoring circuitry. If necessary, an optical
25 amplifier (such as a fibre amplifier) will be provided
downstream of this laser. A suitable BPON transmitter is

.~ that described in the article *Broadband systems on passive

optical networks" (British Telecom Technology Journal, vol 7,

no. 2, pages 115-122, April 1989). The TPON receiver 2 is a

30 standard TPON optical receiver, for example of the type

described in the article "The provision of telephony over

passive optical networks" (British Telecom Technology
Journal, vol 7, no. 2, pages 100-114, April 1989).

The BPON transmitter 1 is driven by an FM sub-carrier

35 multiplexer 5 which has 32 input sub-carriers each of up to

40Mbit/s capacity. - This  technique of sub-carrier

multiplexing enables transmission of a multiplex of the 32
—_ T
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.distoertion inposed by optical transmtters. Al though |asers are being

devel oped whi ch offer the prospect of neeting the required performnce
in these two areas, the optical budget achievable will still be verw
limted, and optical splitting of the -~ Ssifgnal will, therefore, be
‘mnimal. 5 Known broadband optical fibre comunications systens
are described jin EP- A- 0386466, . EP- A- 0380 45 ur nal of htmave
Technol ogy, T4P7cargierg, op an opLigaly Yo ?r%ls‘:hﬁ

(d shanky eti12$9nmand Ther relb-odarriexs ghla\mvefir'eqinemd:bgsy, na:ﬂg:.rﬂgl fIﬁOm 1,
January 1993956\%\% YQl'i)k {J&:" 2%&?5 v;{)@ﬁ the 13'65r££r§f§:hi)g§n8t saéﬁarated by
27MHz, Each of 31 of the carriers can be either frequency
5 modulated or digitally phase modulated. When frequency
modulated, only a single analogue video channel is conveyed
on each of the 31 carriers. Each carrier can also be
digitally phase modulated using QPSK of up to a bit rate of
40Mbit/s, and so, as each video channel can be compressed to
10 about 2Mbit/s, each of.the 31 carriers can support between 16
and 18 compressed video channels whereby the complete
multiplex can support 558 éhannels. The remaining sub-
carrier carries signals from a TPON head end 6 which provides
interactive services such as telephony, ISDN, fax etc; The
15 TPON head end 6 may be a TPON Bit Transport System (BTS) of
the type described in the above-mentioned article "The
provision of telephony over passive optical network".
The TPON head end 6 is connected to the main telephony
- network as indicated by the arrow 7. The entire head end
20 constituted by the BPON transmitter f, the TPON receiver 2,
the sub-carrier multiplexer 5 and the TPON head end 6 are
controlled by a control/network management system indicated
generally be the reference numeral 8.
Each of the customer premises includes an optical
25 network unit (ONU) 9 which comprises a BPON receiver 10 and
‘a TPON sub-system unit 11. The video channel information
output by the receiver 10 is fed to a television_12 via a
control box 13 (similar to the set-top receiver used to tune
satellite TV signals). The BPON receiver 10 is an avalanche
30 photodiode (APD) of the type described in the above-mentioned
article "Broadband systems on passive optical networks". The
TPON sub-system unit 11 ié a standard BTS network termination
unit of tﬁe type described in the above-mentioned article
*"The provision of telephony over passive optical networks".
35 This unit 11 includes an optical tfansmitter (such as a
Fabry-Perot laser) for transmitting video request signals,
telephony and other interactive service signals at a
-
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10 -, The present invention provides an optical fibre comrunications
system conprising a head end connected to a plurality of custoners by
anoptical fibre network, the head end conprising a transmtter unit.
and a receiver unit, and each of the gustomers has an optical network
.unit conprising an optical receiver and a transmtter unit, the head
end transmtter and receiver units being connected 15 respectively to the

r e_Ctei Vgr S ?nxlda&éfehéaﬁs Bigt _t1@roolﬂai't _tu%i?{g tdeccust am_aisszah: mal tiplenalcwesk
units by at |east.one passive optical . network, sai, ast .on ssi_ve
opti cal netmbTRMébnEF?gﬁTfﬁﬁl?ﬂetﬁﬁ??tgPefib eﬁﬁ?ﬁbﬁb; é?éfﬁﬁfﬁeshggd
end transptital vetéivercandtah UREdadyyl bfi epteicaduitt aiseriddion rgr ithen by

a sub-carrier L pkexer, the sub-carrier multiplexer having a
plurality ochﬁBﬁ?fg% %cggfiers at 20 different frequencies, one of said

sub-carri & s carryiThe tTPRN i wh-sivatem|wnigt eked ncludeq @ gfanagulatpra|ld

provided by ?8%U %&d&h@”%@wﬁéﬂkdgﬂtwnﬁﬂﬁbéﬁesféﬁﬁinEg $HR- TPON GAY ers
carryi ng broadband servi ce signals, erein_each Custoner transnitter unit
. system unit 11. he TDM signals are then demultiplexed to
drive customer premises equipment (CPE) such as a telephone
15. Outgoing (upstream) telephony from the telephone 15 is
10 multiplexed by the TPON sub-system wunit 11 for TDMA
transmission via the PON 4 to the TPON receiver 2 at the head
- end. Upstreah video request signalling from the customer is
passed from the control box 13 to the TPON sub-system unit
11, and then back to the head end via the PON 4 and the TPON
15 receiver 2. The control box 13 can be controlled via an
infra red remote control unit 16. .

- . The BTS of the TPON head end 6 receives speech and
data channels which arrive on the line 7 as part of a 2
Mbit/s PCM stream with signalling. Within the TPON head end

20 6, the statistically-muitiplexed signalling for 30 64 kbit/s
speech and data channels is converted to a form which can be
delivered to individual ONUs 9. The signalling for each
speech and data channel, formatted into 8 kbit/s channels, is
used, for example, to control ringing and to provide loop

25 disconnect detection. Bach 64 kbit/s speech and data
channel, and its associated 8 kbit/s signalling channel, is
then multiplexed with the other 29 channels to form a 2.16
Mbit/s (=30x(64+8) kbit/s) signal which, together with some
sﬁare bits, forms a 2.352 Mbit/s interface to the TPON head

30 end 6. The combination of speech and data-signals and the
associated signalling is referred to as traffic data. The
function of the TPON head end 6 is to transport this traffic
data transparently to the ONUs 9 and vice-versa. Within the
TPON head end 6, the 2.352 Mbit/s stream is bit interleaved

35 with similar streams derived from seven other PCM streans,
giving a total bit rate of 18.816 Mbit/s which, when control
overheads are added, becomes 20.48 Mbit/s on the PON 3.

[ ———
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inclydes an optical transmtter and neans for nultiplexing interactive

si gnal s and control signals to drive said optical transmtter, and
whérein the head end includes 25 a systemcontrol unit for controlling-the
transm ssi on of broadband services by the7 - head end transmtter unit in
-dependence upon the control signals received by the head end receiver
unit fromthe custoner transmtter units, and wherein upstream
transmission is by BHen®PQlN \3 dirhirimsitdadily ansawesatthsdsaldn®f the 20. 48

Advant ageousyy; + jhe taath£Ndsoptd & vdd angm A1 Br Jf5 8heanaesk t 9. OperEalkd at |
30 a first predeterm ned wavel ength, and each of the nmer cal
transmttersPasticulayr GNPy ?@o%%rh?%t%¥°%e€&%@$ "gpcﬂsehﬁ 3?"7’?1‘5}158‘&
wavel engt h. Lspéetabty, tﬁ:hefibrsbtartmqedatyehweednmw entti pliexs iamdt he
range of A ofy 100t JOS00m MG of o" SN SHELSLIL MEab VAN
. contiguous in the original 2. 352 Mbit/s streams. 1In the case

of a speech channel, an ONU 9 selects nine 8 kbit/s channeis,

64 kbit/s fbr speech and 8 kbit/s for the associated

signalling. The ONU 9 then converts these to a form for

10 connection to the telephone 15.

In the reverse direction, a reciprocal process occurs;
the (64+8) kbit/s traffic data derived from the telephone 15
plus control signals are transmittéd onto the PON 4 by bit
inﬁerleaving with- other ONUs 9. The bits are actually

15 interleaved by the PON 4 and, at the TPON head end 6, they

appear as a continuous and perfectly interleaved stream. The

_ ranging mechanism which ensures that this happens is

- controlled by the’ TPON head end 6 using the control signals

— in the 20,48 Mbit/s multiplex. The BTS is described ih

20 greater detail our European patent specifications 318331,
318332, 318333, 318335, 502004 and 512008.

In use, the head end broadcasts all the information on
all 32 sub-carriers to all of the associated 256 customers
via the PON 3. As mentioned above; 31 of the sub-carriers

25 carry video channels, telephony and other interactive
services being provided on the remaining sub-darrier
dedicated for such services.

_ The video channels carried by the remaining 31 sub-
carriers are provided by a video server 17. The arrangement

30 is such that the network can transmit up to 560 wvideo
channels simultaneously (assuming each video channel is
compressed to 2Mbit/s, and each sub-carrier carries 18 video
channels). If a given subscriber wants to view a particular
video film, the necessary request is sent to the head end by

35 that customer's control box 13 (possibly using the remote
control unit 16), the associated TPON sub-system unit 11 and

the PON 4. The-signalling information is received by the

B
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-3 In a preferred enbodi nent, said at | east one passive-
opticcal network is constituted by separate first and second si npl ex
passive optical networks, each having an n-way split, the first sinplex

passive optical network connecting the heﬁd‘ 5 end transmtter unit to the
-receivers of the custoner optical

TPON receiver 2, and is passed on to the video server 17 via

the TPON head enhd 6 and the control system 8. The video

server 17 then transmits the requested video film on to a

spare video channel for transmission to that customer

S together with a control signal which enables that customer’'s
control box 13 to receive that video channel.

"Figure 2 shows a modified form of the system shown in

Figure 1, in which the two simplex PONs 3 and 4 are repléced

by a duplex PON 3’. Accordingly, like reference numerals
10 will be used for like parts, and only thé modifications will
be described in detail. .In this embodiment, all the

downstream signalling takes place in exactly the same manner
as for the embodiment of‘Figure 1, that is to say the head
end broadcasts all the information on all 32 sub-carriers to
15 all of the associated 256 customers via the BPON transmitter
1 and the PON 3'. Upstream signalling is, however, also
carried on the PON 3', with the TPON sub-system unit 11 of
each customer being connected to its associated fibre via a
WDM 18. Similarly, the TPON receiver 2 is connected to the
20 PON 3 via a WDM 19 upstream of the first splitting point.
As before, downstream signalling is at 1550nm, and upstream
signalling at 1300nm.
Figure 3 shows a modified form of head end for use
with either of the systems of Figures 1 and 2. In the
25 modified head end, a switch 18 is p051tloned between the
video server (or v1deo distribution network) 17 and the FM
sub-carrier multiplexer 5. A broadcast distribution network
19 is also connected to the switch 18, this network providing
up to several hundreds of compressed digital video channels
30 or broadcast television programmes. The modified head end
can, therefore, provide customers with broadcast television
channels as well as requested video films. The video
distribution network 17 and the broadcast distribution
network 19 need not be provided in the head end itself, and
35 are preferably connected to the head end via a synchronous
digital hierarchy (SDH) or SONET ring.
It will be apparent that the.SYStems described above
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‘netwqrk units, and the second sinplex passive optical network

connecting the head end receiver unit to the transmtter units of the
custoner optical network units. Alternatively, said at |east one
passi ve optical network may be constitufed ~10 by a dupl ex passive optical
.networ k having an n- way split In this case, the head end transmtter

unit and the head end cei,ver . .unit are caonnected to_th

passi ve opti B&F® 2 n%ﬂﬁ%ﬁw? vPEVARRATEF e AP 3H S|odh Q |Slg§%¥§?ﬁTW%
and the treoemyesiand stySdesnsi. tteInumar’Q;fCLé@cm ctllseomt@re o EUnrseth-ed
15 to the dugh@éleilsauyg gphs&ﬁg REL VoK ¥b§i‘l§w£ﬁ§%ﬁ(zhi&%a\9@¥' namely

Pref erably, e system onpri ses servér for supplylng
video film silgnal 9@k i eAnssrahats whigih-2%¢ r sémd legr r0 n§heesadisnd

service signals.  d{yf$dS (baseband) modulation;

2. low cost lasers can be used, as linearity requirements
are less stringent;
3. a high PON split is ©possible without optical
' amplification;
10 4. the frequency band is compatible with the satellite TV
receiver band of 950MHz to 2000MHz;
5. the equipment used is compatible with terrestrial
radio systems; -
6. very small, low power optical receivers can be used;
15 and
7. as the BPON transmitter 1 is used to transmit the

downstream TPON signals, .a separate optical TPON
transmitter at the head end is not required, and a

_ separate obtical receiver at the ONU is not required,
20 thereby donsidérably reducing the cost of the optics.

The compatibility with low-cost satellite receivers
already in use is particularly important. Thus, the customer
ONU 9 could directly replace a satellite dish, in which case
it would be connected directly to the éet—top receiver

25 (control box 12), and could be powered by that receiver from
the supply intended for the low noise block (LNB).

Each of the 5ystems described above is, therefore,
capable of delivering advanced interactive broadband
services, such as video on demand direct to the home on

30 fibre. The FM-BPON approach described is capable of a high
level optical split, and the integration of the TPON
technology with this approach provides a powerful interactive
capabilitf. _ _

. It will be apparent that the system described above

35 could be used to carry other broadband services than video on
demand. For example, each of the TPON/BPON systems désc:ibed
could be modified to provide broadcast TV, satellite TV from

\
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case, the system may further conprise a switch for 20 controlling

“tshe 'supply of video filmsignal informatjon from the video server to
thé sub-carriers carrying broadband - ~service signals. -
Advant ageously, the system further - 10 eonprises a broadcast
.distribution network for supplying broadcast tel evision channels to

the sub-carriers carrying 25 broadband service signals via said sw tch.
Pref erably, & hecentrabr oéélehgst andtr iitylmoi"@rtl!’f@t WoYS¥ arfit 2 heuR i dESrSéP§§r
are - connggi edald dhe sWidgbnby agsSDH gbl@presence, Coreadpahly, a
respective receiver/tuner unit is associ ated. with the receiver of each

of the cust orieRRIERF SN NFrot HF AN T2 L i e 3t S{3AFT t9H-F5 uni ts bei ng

arranged to convert received video filmsignal information into a form

A
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_sui-table for reception by a television apparatus. '
Advant ageousty, the—+nteractive signals are digitally phase nodul at ed

onto said rLier Preferably,_;q% 35 broadband service signals
are frequemml !@j’&ﬂﬂto said r emai ni ng sub-carriers.
-Alternatived yc d service signals are digitally phase
nodul at ed onto said remai ni ng CLAIMS

1. An optical fibre communications system comprising a
heéd end connected to n customers by an optical f£fibre

5 network, the head end comprising a transmitter unit and a
receiver unit, and_each' of the customers has an optical
network unit comprising an optical receiver and a transmitter
unit, the head end transmitter and receiver units being
connected respectively to the receivers and the transmitter
10 units of the custoﬁer'optical network units by at least one.
passive optical network, said at least one péssive 6ptical
network constituting the optical fibre network, wherein the
head end transmitter unit is constituted by an optical
transmitter driven by a sub-carrier multiplexer, the sub-

15 carrier multiplexer having a plurality of input sub-carriers
at different frequencies, one of said sub-carriers carrying
interactive signals provided by a further transmitter unit,
and the remaining sub-carriers carrying broadband service

_ signals, wherein each customer transmitter unit includes an
20 optical transmitter and means for multiplexing interactive
signals and control signals to drive said optical
transmitter, and wherein the head end includes a system
control unit for controlling the transmission of broadband
services by the head end transmitter unit in dependence upon

25 the control signals received by the head end receiver unit

from the customer transmitter units.

2. A system as claimed in claim 1, wherein the head end
optical transmitter is arranged to operate at a first

30 predetermined wavelength, and each of the customer optical
transmitters is arranged to operate at a second predetermined
wavelength.

3. A system as claimed in claim 2, wherein the first
35 predetermined wavelength lies in the range of from 1500nm to

1650nm, and the second predetermined wavelength lies in the
range from 1260nm to 1360nm. '
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4 ., sub-car case, quadrature phase shift keying (QPSK)

may be used y phase nodul ating signals onto said
sub-carri erl ml m'""ﬂ”ﬂmm‘ll n a preferreg enbodi ment, the further .
transmtter wni d ttlafismitter. Advantageously, t he
. TPON head-end transmtter is a Blt Transport 5 Systemtransmtter, and

preferably the Bit Trans ort Syst em tran t egv
plurality of ‘traffic d%?g %t P&a r’r% ained fH‘ aHS;Tgﬁé Of éln%ﬂésl't?ca f| bre
comuni cat i orsesedsn ergaiedichatof ddesth iohe passayer u@PﬁéIcPﬂi aéé&fﬂea‘#celw th

the '”Ve“t'oébné’\ﬁiéu@@av e d@éﬁéf?@@' ﬁwswayam secoﬁaarmneplé&tbaégi%ence

to the acconpanyi ng draw ngs, -Tn 8 1
schematic r egRleseht atieHv Gt St'heef‘?}f*sthaé’}é‘tgen?n n-way SBILit,  the “first

5 simplex passive optical network connecting the head end
transhitter unit to the receivers of the customer optical
network units, and the second simplex passive optical network
connecting the head end receiver unit to the transmitter
units of the customer optical network units. '

10
5. . A system as claimed in any one of claims 1 to 3,
wherein said at least one passive optical network is
constituted by a duplex passive optical network having an n-
way split.

15

- 6. A system as claimed in claim 5 when appendant to claim
2, wherein the head end transmitter unit and the head end
receiver unit are connected to the duplex passive optical
network via a WDM, and the receiver and transmitter unit of

20 each customer are connected to the duplex passive optical
network via a respective WDM.

7. A system as claimed in any one of claims 1 to 6,
further comprising a video server for supplying video film

25 signal information to the sub-carriers carrying broadband
service signals.

8. A system as claimed in claim 7, further comprising a
switch for controlling the supply of wvideo film signal
30 information from the video server to the sub-carriers

carrying broadband service signals.

9. A system as claimed in claim 8, further comprising a
broadcast distribution network for supplying broadcast

35 television channels to the sub-carriers carrying broadband
service signals via said switch.
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Figure 2 is a schematic representation of the second system and

Fi gu m“m““ltﬂﬁﬂ“m representation of the head end of a nodified form
of - e“m ens of Figures 1 and2._ Referring to t.he
dr awi ngs¢ F‘rgd're 1 shows a TPON BPON optical fibre 15 comrunications

system having a head end station including a BPON transmtter 1 and a
TPON receivefg2. The shisdRilidel &1k red %nmamd ot OWEEQeQHSEQ@erE@.@béQS
(only one of_which is shown) via a sinpl ex PON i ndi_cat ed gener ai |

ref erence nfetfiution; pgErork: ga Tlsm Vddsq 8% 3% n88f‘€8°¥89t Irr8 256
custoner prethsesvdycln By n@phesDRPRLhgdi cated general ly by the reference
nuneral 20 4. The BPON transmtter. 1 is basically a | aser provided with

control /nmonitoring circuitry. If necessary, an optical anplifier (such
as a fibré ahplifier)systémbes claimweslitsdadywista eafn oftathiss 7 ater 104
suitabl e BPOMSEENRT ! EELobBLE D! (AR8FUEDIHuner philc! BE BELLGLA LR GAtRANd
systens on passive op tTcal Retwor h%Fel'ec

the recelver of each of t

e customer optlcal network units,
the receiver/tuner units being arranged to convert received
video film signal information into a form suitable for

10 reception by a television apparatus.

12. A system as claimed in any one of claims 1 to 11,
wherein the interactive 51gnals are digitally phase modulated
onto said one sub-carrier.

15
13. A system as claimed in any one of claims 1 to 12,
wherein the broadband service signals are frequency modulated
- onto said remaining sub-carriers.
20 14, A system as claimed in any one of claims 1 to 12,

wherein the broadband service signals are digitally phase
modulated onto said remaining sub-carriers.

15. A system as claimed in claim 12 or claim 14, wherein
25 QPSK is used for digitally phase modulating signals onto said
sub-carrier(s).
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‘Techpol ogy Journal, vol 7, no. 2, pages 115-122, April 1989). The TPON
rreceiver 25 2 is a standard TPON optical receiver, for exanple of the type

described in the article "The provision of tel ephony over passive .
optical networks" (British Tel ecom - Tethnol ogy Journal, vol 7, no. 2,
pages 100-114, April 1989). The BPON transmtter 1 is driven

by an FM sub-carrier multiplexer 5 whi has 32 input sub-carriers
each of up to 40Miit/s capacity. ThIS e of sub 30 carrier
mul ti pl exi ng enabl es tr aQ@TISALONR g )

" An optical fibre cpmmunications system comprises a
5 head end connected to n customers by an optical fibre
network. The head end comprises a transmitter unit (1, S)
and a receiver unit (2), and each of the customers has an
optical network unit (9) comprising an optical receiver (ld)
and a transmitter unit (11). The head end transmitter and
10 receiver units (1 and.2) are connected respectively to the
receivers (10) and the transmitter units (11) of the customer
optical network units (9) by at least one passive optical
network (3, 4 or 3'). The head end transmitter unit is
constituted by an optical transmitter (1) driven by a sub-
15 carrier multiplexer (5), the sub-carrier multiplexer having
a plurality of input sub-carriers at different frequencies.
One of the sub-carriers carries interactive signals provided
by a further transmitter unit (6). The remaining sub-
carriers carry broadband service signals. Each customer
20 transmitter unit (11) includes an optical transmittef and
means for multiplexing interactive signals and control
signals to drive said optical transmitter. The head end
includes a system control unit (8) for controlling the
transmission of broadband services by the head end
25 transmitter unit (1, 5) in dependence upon the control
signals received by the head end receiver unit (2).from the
customer transmitter units (11).
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=5 sub-carriers on an opti cal mavelength, here chosen to be

1850nm The sub-carriers have frequencies ranging from 950MHz up
to"2GHz, with the carriers being separated by 27MHz. Each of 31 of the
carriers can be either frequency. 5 nodulated or digitally phase
nodul at ed. When frequency nDduIateq, only a single anal ogue video
channel is conveyed on each of the 31 égrriers. Each ca(rier can
al so be digitally phase nodul at ge Wi@XQDSK of up to a bﬁé gate of
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40Mgj t/s, and so, as each video channel can be conpressed to 10 about

2Moit/s, each of the 31 carriers can support between 16 and 18
conpressed video channel s whereby the conplete mul ti pl ex can support
558 channel s. The remai ni ng sub- carrier carries signals froma TPON
head end 6 which provides interactive 9 EVICES such as tel ephony, | SDN,
fax etc. The 15 TPON head end 6 may be @ TPON Bit Transport 5.V8 em ( BTS)
of the type de ' in the ab,_ m}BQned article B & provision
of tel ephony ovel™ ptical Q€ PP Cégggad end 6
i s connected to thg\B | epho '@a‘the K ow 7.
The entire hegg en I tutged
receiver 2, @ th - rier /multi
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control lled by a control/network managenent systemindicated general ly
be the reference nuneral 8. Each of the custoner prem ses

i ncl udes an optical 25 network unit (ONU) 9 which conprises a BPON

recei ver 10 and a TPON sub-systemunit 11. The video channel

I nf.or mati on output by the receiver 10 is fed to a television 12 via a
control box 13 (simlar to the set-top reckl{der used to tune satellite
TV signals). The BPON receiver 10 is an aval anche 30 phot odi ode (APD) of
the type described in the above-nenti oned article "Broadband systens
on passive optical networks". The TPON sub-systemunit 11 is a
standard BTS network term nation unit of the type described in the

above-nentioned article "The provision of tel ephony over passive
opti cal networks".

BPON Tx
TPON Rx

VAN

" }
SHOLVTINAON
1 1 L1 11

DOWNSTREAM

TELEPHONY + DATA
TX

TPON
BTS

]

TELEPHONY

1
YSTEM CONTRO
NETWORK
MANAGEMENT

f

17

19

Fig.3.
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This invention relates to an optical fibre
communications system, and in particular to an optical fibre
S communications system capable of carrying both broadband
signals and interactive signals such as telephony and ISDN.
In eptical transmission systems, the radiation used is
not necessarily in the visible region of the electromagnetic -
spectrum, and so the words "optical" and "light" when used in
10 this specification are not to be interpreted as implying any
limitation to the visible spectrum. For example, the
wavelengths preferred for transmission through silica optical
fibres are in the infra red region.of the spectrum, because
the low loss minima of silica fibres occur at about 1.3 and
15 1.5 microns.
Optical transmission systems may be utilised to
distribute both interactive services such as telephony and
-- ISDN, and bfoadband sektvices such as video channels, video
telephony and infermation services such as pictute videotext.
20 In general, the primary service, at least as presently
measured in terms of subscriber 1lines, is telephony.
Increasingly, however, there is a perceived need for optical
transmission systems to be able to carry both interactive
services and broadband services. |
25 Various techniques are available for separating
different services for transmission over the same lines, for
example the transmitted signals may be time, wavelengtthr
sub-carrier frequency multiplexed. Wavelength division
multiplexing, with different services on different
30 wavelengths, would require adaitional optical transmitters
and receivers to be installed wherever an expansion of
services and additional channels is required.
Conventional broadband service provision, for example
that provided by the cable TV companies, uses aﬁplitude
35 modulated (AM) transmission. Unfortunately, AM transmission
is not suitable for passive optical networks (PONs), due to

signal-to-noise-ratio limitations and intermodulation
Thls is the replaesment sheet
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wavqihgggge{hagh o 0 er using a tinme division nultiple access ( TDVR)

’tran . The unit 11 also includes an optical receiver
and CIrCUIt for driving the control box 13. 5 The
TPCN t 11 includes a denodul,ator 14 for providing
domnstrean1TDM'TPON signals to the TPON sub- systemunit 11. The TDM
signals are then denultiplexed to drive custoner prem ses equi pnent

(CPE) such agistbetephona osea5byQ;'% 4D €S hPErdrd € Q!Elh.‘ﬁ&i%cjﬂ q%fl\e/%%
eleprone 15,15 49 Bl SAEt Y LG TR SURSIStenn L IO
Upst r eam vi deeqrigedspesifgralahniceg ihr aiekke tergstawes, i +he optical budget

achievable will still be very limited, and optical splitting

5 of the signal will, therefore, be minimal.

R The present invention provides an optical fibre
communications system comprising a head end connected to n
customers by an optical fibre network, the head end

comprising a transmitter unit and a receiver unit, and each

.ar}.

10 of the customers has an optical network unit comprising an
optical receiver and a transmitter unit, the head end
transmitter and receiver units being connected respectively
to the receivers and the transmitter units of the customer
optical network units by at least one passive optical

15 network, said at 1least one passive optical network
constituting the optical fibre network, wherein the head end
transmitter unit is constituted by an optical transmitter
driven by a sub-carrier multiplexer, the sub-carrier
multiplexer having a plurality of input sub-carriers at

20 different frequencies, one of said sub-carriers carrying
interactive signals provided by a further transmitter unit,
and the remaining sub-carriers carrying broadband service
signals, wherein each customer transmitter unit includes an
optical transmitter and means for multiplexing interactive

25 signals and control signals to drive said optical
transmitter, and wherein the head end includes a system
control unit for controlling the transmission of broadband
services by the head end transmitter unit in dependence upon
the control signals received by the head end receiver unit

30 from the customer transmitter units. |

Advantageously, the head end optical transmitter is
arranged to operate at a first predetermined wavelength, and
each of the customer optical transmitters is arranged to
operate at a second predetermined wavelength. Preferably,

35 the first predetermined wavelength lies in the range of from
1500nm to 1650nm, and the second predetermined wavelength
lies in the range from 1260nm to 1360nm.

s is tne replacoment sneet
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passed fromthe control box 13 to the TPON sub-system unit 11, and then
s pack to the head end via the PON 4 and the TPON 15 receiver 2. The control

box 13 can be controlled via an infra red renote control unit 16.
‘The BTS of the TPON head end 6 receives_ spe_ech and dat a channel s whi ch
arrive on the line 7 as part of a 2 Mit/s PCMstreamw th signalling.

Wthin the TPON head end 20.6, the statistically-multiplexed signalling for

- 30 64 kbit/s speach i@ rdald o RAHRlidnt, CRRMAY R Ldnsx fORe phéshvean
be delivered taqu ndi vi

and data chaIGicalr GIRRAEH 1 ePme Sty eaarate £l na agbond |
exanpl e, to sdomplred paisisdivegoandctd petwores) e hatiscprneat-wagesptiton.
Each 64 kQﬁ&!%ir%%egﬁﬂplagdpgggfve optical network connecting the head
5 end transmitter unit to the receivers of the customer optical
network units, and the second simplex passive optical network
connecting the head end receiver unit to the transmitter
units of the customer optical network units. Alternatively,
said at .least one passive optical network may be constituted
10 by a duplex passive optical network having an n-way split.
In this'case, the head end transmitter unit and the head end
receiver unit are connected to the duplex passive optical
network via a wavelength division multiplexer (WDM), and the
receiver and transmitter unit of each customer are connected
15 to the duplex passive optical network via a respective WDM.
Preferably, the system further comprises a video
server for supplying video film signal information to the
sub-carriers carrying broadband service signals. In this
case, the system may further comprise a switch for
20 controlling the supply of video film signal information from
the video server to the sub-carriers carrying broadband
service signals. = Advantageously, the system further
comprises a broadcast distribution network for supplying
broadcast television channels to the sub-carriers carrying
25 broadband service signals via said switch. Preferably, the
broadcast distribution network and the video server are
connected to the switch by an SDH ring.
Conveniently, a respective receiver/tuner unit is
associated with the receiver of each of the customer optical
30 network units, the receiver/tuner units being arranged to
convert received video film signal information into a form
suitable for reception by a television apparatus.
Advéntageously, the interactive signals are digitally
phase modulated onto said one sub-carrier. Preferably, the
35 broadband service signals are frequency modulated onto said
remaining sub-carriers. Alternatively, the broadband service

signals are'digitally phase modulated onto said remaining

This is the replasement sheet
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channel”, and Tts assocrated 8 kbit/s signalling channel, is t hen
srul ti pl em@ckned Lk BeBiEreBlabt@r 29 channels to forma 2. 16 Miit/s

(=30x( 64+ nal which, together with sone spare bits, fornms a
2.352 Moi _ o the TPON head 3Q end 6. The conbi nati on of
|

speech an and the associated signalling is referred to as
traffic data. The function of the TPON head end 6 is to transport this

traffic data ent s 91?@1’: L.CEs Vst A
TPON head en%lu%, E%%E%%SZ #%i %?gﬁggream'l sTh 1 éll%% %‘%’2% 5351% ?ﬁt%?lr% | ar
streanms deri VQESK) omageves vehdr fPEMEGkTidaisly Phasei Rgdulesian Hignadse of

18. 816 Moit[ge¥higha wWieRcaRikel(s). overheads are added, becones 20.48
Miit/s on the PON 3.

Two forms of optical fibre communications system, each
5 of which is constructed in accordance with the invention,
will now be described, by way of example, with reference to
the accompanying drawings, in which: -
Figure 1 is a schematic representation of the first
system;

10 Figure 2 is a schematié representation of the second
system; and

Figure 3 is a schematic representation of the head end
of a modified form of either of the systems of Figures 1 and
2. _

15 Referring to the drawings, Figure 1 shows a TPON/BPON
optical fibre communications system having a head end station
including a BPON transmitter 1 and a TPON receiver 2. The
transmitter 1 is connected to 256 customer premises (only one
of which is shown) via a simplex PON indicated generally by

20 the reference numeral 3. Similarly, the TPON receiver 2 is
connected to the 256 customer premises by a simplex PON
indicated generally by the reference numeral 4. The BPON
transmitter 1 is basically a laser ©provided with
control/monitoring circuitry. If necessary, an optical

25 amplifier (such as a fibre amplifier) will be provided
downstream of this laser. A suitable BPON transmitter is
that described in the article "Broadband systems on passive
optical networks" (British Telecom Technology Journal, vol 7,
no. 2, pages 115-122, April 1989). The TPON receiver 2 is a

30 standard TPON optical receiver, for example of the type
described in the article "The provision of telephony over
passive optical networks" (British Telecom Technology
Journal, vol 7, no. 2, pages 100-114, April 1989).

The BPON transmitter 1 is driven by an FM sub-carrier

35 multiplexer 5 which has 32 input sub-carriers each of up to
40Mbit/s capacity. This technique of sub-carrier
multiplexing enables transmission of a multiplex of the 32

This is the replacement sheet
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-l The PON 3 intrinsically ensures that all of the 20.48
‘Moit/s streamis received at all of the ONUs 9. Each particular ONU 9
can be instructed by the TPON head end 6 to _

-5 -

sub-carriers on an optical wavelength, here chosen to be
1550nm. ~ The sub-carriers have frequencies ranging from
950MHz up to 2GHz, with the carriers being separated by
~27MHz. Each of 31 of the carriers can be either frequency
5 modulated or digitally phase modulated. When frequency
modulated, only a single analogue video channel is conveyed
on each of the 31 carriers. Each carrier can also be
digitally phase modulated using QPSK of up to a bit rate of
40Mbit/s, and so, as each video channel can be compressed to
10 about 2Mbit/s, each of the 31 carriers can support between 16
and 18 compressed video channels whereby the complete
multiplex can support 558 channels. The remaining sub-
carrier carries signals from a TPON head end 6 which provides
interactive services such as telephony, ISDN, fax etc. The
15 TPON head end 6 may be a TPON Bit Transport System (BTS) of
the type described in the above-mentioned article "The
provision of telephony over passive optical network".
The TPON head end 6 is connected to the main telephony
— network as indicated by the arrow 7. The entire head end
20 constituted by the BPON transmitter 1, the TPON receiver 2,
the sub-carrier multipleker 5 and the TPON head end 6 are
controlled by a control/network management system indicated
generally be the reference numeral 8.
Each of the customer premises includes an optical
25 network unit (ONU) 9 which comprises a BPON receiver 10 and
a TPON sub-system unit 11, The wvideo channel information
output by the receiver 10 is fed to a television 12 via a
control box 13 (similar fo the set-top receiver used to tune
satellite TV signals). The BPON receiver 10 is an avalanche
30 photodiode (APD) of the type described in the above-mentioned
article "Broadband systems on passive optical networks". The
TPON sub-system unit 11 is a standard BTS network termination
unit of tﬁe type described in the above-mentioned article
"The provision of telephony over passive optical networks".
35 This unit 11 includes an optical transmitter (such as a
Fabry-Perot laser) for transmitting video request signals,

telephony and other interactive service signals at a

This is the replacement sheét’
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select its traffic, starting anywhere in the multiplex, and 5 to extract a
:given nunber of 8 kbit/s channels that were contiguous in the original
2.352 Miit/s streans. In the case of a speech channel, an ONU 9 sel ects
nine 8 kbit/s channel s, 64 kbit/s for speech and 8 kbit/s for the

associ at ed signalling. The ONU 9 thenéconverts these to a formfor 10
connection to the tel ephone 15. In the reverse direction, a

reci procal process occurs, the (64+8) kbit/s traffic data derived from
the tel ephonwayslengshypfcohidnm sy saaFéner SA¥AELOAd R Rife FTIESE by
bi t i nterleamnandtvahBmekBeonONEhnfque. Th@nbi thital ¢ arédal hylddes an

It ereave D LS PO 30 2 e d PO IPREeenS, Coul U Vor aPRERY A ®
control box 13.

S The TPON sub-system unit 11 includes a demodulator 14
for providing downstream TDM TPON'signals to the TPON sub-
system unit 11. The TDM signals are then demultiplexed to
drive customer premises equipment (CPE) such as a telephone
15. Outgoing (upstream) telephony from the telephone 15 is

10 multiplexed by the TPON sub-system unit 11 for TDMA
transmission via the PON 4 to the TPON receiver 2 at the head
end. Upstreaﬁ video request signalling from the customer is
passed from the control box 13 to the TPON sub-system unit
11, and then back to the head end via the PON 4 and the TPON

15 receiver 2. The control box 13 can be controlled via an
infra red remote control unit 16.

- . The BTS of the TPON head end 6 receives speech and
data channels which arrive on the line 7 as part of a 2
Mbit/s PCM stream with signalling. Within the TPON head end
20 6, the statistically-multiplexed signalling for 30 64 kbit/s
speech and data channels is converted to a form which can be
delivered to individual ONUs 9. The signalling for each
speech and data channel, formatted into 8 kbit/s channels, is
used, for example, to. control ringing and to provide loop
25 disconnect detection. . BEach 64 Xkbit/s speech and data
channel, and its associated 8 kbit/s signalling channel, is
then multiplexed with the other 29 channels to form a 2.16
Mbit/s (=30x(64+8) kbit/s) signal which, together with some
spare bits, forms a 2.352 Mbit/s interface to the TPON head
30 end 6. The combination of speech and data signals and the
associated signalling is referred to as traffic data. The
fﬁnction of the TPON head end 6 is to transport this traffic
data transparently to the ONUs 9 and vice-versa. Within the
TPON head end 6, the 2.352 Mbit/s stream is bit interleaved
35 with similar streams derived from seven other PCM streams/
giving a total bit rate of 18.816 Mbit/s which, when control
overheads are added, becomes 20.48 Mbit/s on the PON 3.

| t
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ranging nmechanism which ensures that this happens is controlled

by the TPON head end 6 using the control signals in the 20.48 Miit/s

mul ti pl ex. The BTS is described in 20 greater detail our European patent
speci fications 318331, 318332, 318333, 318335, 502004 and 512008.

I n use, the head end broadcasts all the-nformation on all 32
sub-carriers to all of the associ ated 256 custoners via the PON 3. As
nmenti oned above, 31 of the sub-carriers,25 carr vi deo JOi;an el s,

tel ephony and ot h&pe ?ﬂ’f’e?ab‘i‘?’v’/’en“c%]elrm%’é%u i TR Abvi g dth% 20148
remai ning swubitgsrietreamded cabeditod satchasaarvmtesthe ONUs 9. TheEag¢hleo

channel s cartlg $¥11taheo"u%m§' t'rlgbéllﬁé@ructe&a{:{z £h8 PpOnPROYEYEHa Y &

vi deo server PE7 - The arrangemen
select its traffic, starting anywhere in the multiplex, and

5 to extract a given number of 8 kbit/s channels that were
contiguous ;n the original 2,352 Mbit/s streams. In the case
of a speech channel, an ONU 9 selects nine 8 kbit/s channels,
64 kbit/s for speech and 8 kbit/s for the associated
signalling. The ONU 9 then converts these to a form for

10 connection to the telephone 15.

In the reverse direction, a reciprocal process occurs;
the (64+8) kbit/s traffic data derlved from the telephone 15
plus control signals are transmltted onto the PON 4 by bit
interleaving with other ONUs 9. The bits are actually

15 interleaved by the PON 4 end, at the TPON head end 6, they
appear as a continuous and perfectly interleaved stream. The
ranging mechanism which ensures that this happens 1is
controlled by the TPON head end 6 using the control signals

— in the 20.48 Mbit/s mnmultiplex. The BTS is described in

20 greater detail our European patent specifications 318331,
318332, 318333, 318335, 502004 and 512008.

In use, the head end broadcasts all the information on
all 32 sub-carriers to all of the associated 256 customers
via the PON 3. As mentioned above, 31 of the sub-carriers

25 carry video channels, telephony and other interactive
services being provided on the remaining sub-carrier
dedicated for such services.

| The video channels carried by the remaining 31 sub-
carriers are provided by a video server 17. The arrangement

30 is such that the network can transmit up to 560 video
channels simultaneously (assuming each video channel is
compressed to 2Mbit/s, and each sub-carrier carries 18 video
channels). If a given subscriber wants to view a particular
video film, the necessary request is sent to the head end by

35 that customer’'s control box 13 (possibly using the remote
control unit 16), the associated TPON sub-system unit 11 and

the PON 4. The- signalling information is received by the

This is the replacement sheet
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30:is such that the network can transmt up to 560 video channel s

-si mul taneously (assum ng each video channel is  conpressed to 2Mit/s,
and each sub-carrier carries 18 video channel's). If a given subscriber
wants to view a particul ar video film gryanecessary request is sent to
the head end by 35 that custoner's control® box 13 (possibly using the

r enot e control unit 16), the associated TPON sub-systemunit 11 and

the PON 4. ¥99FSLgegkng92inggﬁnﬁg'Bngéar88€£geEh$U%£&E% server 17 via
This is the replacenent Sheét
the TPON head end 6 and the control system 8. The - video
server 17 then transmits the requested video film on to a
spare video channel for transmission to that customer
5 together with a control signal which enables that customer’s
control box 13 to receive that video channel.
Figure 2 shows a modified form of the system shown in

Figure 1, in which the two simﬁlex PONs 3 and 4 are replaced

by a duplex PON 3/, Accordingly, like reference numerals
10 will be used for like parts, and only the modifications will
be described in detail. In this embodiment, all the

downstream signalling takes place in exactly the same manner
as for the embodiment of Figure 1, that is to say the head
end broadcasts all the information on all 32 sub-carriers to
15 all of the associated 256 customers via the BPON transmitter
1 and the PON 3/, Upstream signalling is, however, also
carried on the PON 3, with the TPON sub-system unit 11 of
each customer being connected to its associated fibre via a
WDM 18. Similarly, the TPON receiver 2 is connected to the
20 PON 3' wvia a WDM 19 upstream of the first splitting point.
As before, downstream signalling is at 1550nm, and upstream
signalling at 1300nm.
Figure 3 shows a modified form of head end for use
with either of the systems of Figures 1 and 2. In the
25 modified head end, a switch 18 is positioned between the
video server (or video distribution network) 17 and the FM
sub-carrier multiplexer 5. A broadcast distribution network
19 is also connected to the switch 18, this network providing
up to several hundreds of compressed digital video channels
30 or broadcast television programmes. The modified head end
can, therefore, provide customers with broadcast television
channels as well as requested video films. The video
distribution network 17 and the broadcast distribution
network 19 need not be provided in the head end itself, and
35 are preferably connected to the head end via a sfnchrohous
digital hierarchy (SDH) or SONET ring.
It will be apparent that the systems described above
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TPON receiver 2, and is passed on to the video server

17 vi a

‘tthe TPON head end 6 and the control system 8. The video server 17 then

transmts the requested video filmon to a spare video channel for

triansm ssion to that custonmer 5 together
enabl es that custoner' s

10

15

20

25

30

35

gwi_th a control signal which

have a number of advantages compared with known broadband

transmission systems. In particular, the use of FM sub-

carrier multiplexing has the following advantages, namely: -

1. optical constraints which are similar to those for
digital (baseband) modulation;

2. low cost lasers can be used, as linearity requirements
_ are less stringent;

3. a high PON split is possible without .optical
amplification;

4, the frequency band is compatible with the satellite TV
receiver band of 950MHz to 2000MHz;

5. the equipment used is compatible with terrestrial
radio systems; )

6. very small, low power optical receivers can be used;
and

7. as the BPON transmitter 1 is used to transmit the

downstream TPON signals, a separate optical TPON

transmitter at the head end is not required, and a

separate optical receiver at the ONU is not required,

thereby considerably reducing the cost of the optics.

The compatibility with low-cost. satellite receivers
already in use is particularly important. Thus, the customer
ONU 9 could directly replace a satellite dish, in which case
it would be connected directly to the set-top receiver
(control box 12), and could be powered by that receiver from
the supply intended for the low noise block (LNB).

Each of the systems described above is, therefore,
capable of delivering advanced interactive broadband
services, such as video on demand direct to the home on
fibre. The FM-BPON approach described is capable of a high
level optical split, and the integration of the TPON
technology with this approach provides a powerful interactive
capabilitf.

It will be apparent that the system described above
could be used to carry other broadband services than video on
demand. For example, each of the TPON/BPON systems described
could be modified to provide broadcast TV, satellite TV from
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control box 13 to receive that video channel. Figure 2 shows a
- modified formof the system shown in Figure 1, in which the two sinplex
PONs 3 and 4 are repl aced by a duplex PON 3'. Accordingly, like
réference nunmerals 10 will be used for |ike parts, and only the
modi fi cations will be described if 1Befail. In this enbodinent,
all the downstream signalling takes place in exactly the sanme manner
as for the enbadinent, of (/Figure_1, that is,to say the head end .
broadcasts &1 SERE5H orh tig'on 3hdal angvgﬁBYSar?éie rs‘{loaq‘fé’pal ISBTVIHE®
associ at ed 2p®ldusabieomns vi a stueh BPONg r ansthel epresericand t herP@Bind
Upst ream si gk I i (] 0 i e ", with the
TPON sub-sygggﬁbhﬁ?ltfle%ler{)k? ! evalcrktl"q{ggstroer?é(ri ei"i‘rTl’lg1 %gr?tﬁ%ctg?ga\%sg its
associated fibre via a : :

! t
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VWM '18. Simlarly, the TPON receiver 2 i's connected to the 20 PON 3' via a

S VDM 19 upiisiShenii BednlReplhded St splitting point. As before, downstream
signal ling and upstream signalling at 1300nm
Frgure 3 s d formof head end for use with either of.the
systens of Figures and 2. In the 25 nodified head end, a switch 18 is
posi ti oned between the vi deo server (or video distribution network) 17
and the FM sub-carrier nultiplexer §§ﬁﬁuﬂ§oadcast di stri-buti on network
19 is al so connected to the switch 18, I'S networ k providing up to

several hundreds of conpressed digital video channels 30 or broadcast
tel evision pr.ogranmks.opdi€aodibired chaafin?t@tionsarnsyd teh etonpriPiayi de
custoners Vmﬁgg r(g%.ca%%nggg%%bslgg n customers by an optical f£fibre
5 network, the head end comprising a transmitter unit and a
receiver unit, and each of the customers has an optical
network unit comprising an optical receiver and a transmitter
unit, the head end 'transmittér and receiver units béing
connected respectively to the receivers and the transmitter
10 units of the customer optical network units by at least one
passive optical network, said at least one passive optical
network constituting the optical fibre network, wherein the
head end transmitter unit is constituted by an optical
transmitter driven by a sub-carrier multiplexer, the sub-
15 carrier multiplexer having a plurality of input sub-carriers
at different frequencies, one of said sub-carriers carrying
interactive signals provided by a further transmitter unit,
and the remaining - sub-carriers carrying broadband service
signals, wherein each customer transmitter unit includes an
20 optical transmitter and means for multiplexing interactive
signals and control signals to drive said optical
transmitter, and wherein the head end includes a system
control unit for controlling the transmission of broadband
'services by the head end transmitter unit in dependence upon
25 the control signals received by the head end receiver unit
from the customer transmitter units.

2. A system as claimed in claim 1, wherein the head end

optical transmitter is arranged to operate at a first
30 predetermined wavelength, and each of the customer optical

transmitters is arranged to operate at a second predetermined

wavelength.

3. A system as claimed in claim 2, wherein the first
35 predetermined wavelength lies in the range of from 1500nm to

1650nm, and the second predetermined wavelength lies in the

range from 1260nm to 1360nm. ‘
This is the replacement gheet
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channel s as wel | ieg requested video filns. The vi deo di stribution
a

‘net woFHis dcast distribution network 19 need not be
provi d “w
head e onous di gital hi eharchy (SDH) or SONET ring.

end itself, and 35 are preferably connected to the
It wll be apparent that the systens desc bed above

4. " A system as claimed in any one of claims 1 to 3,
wherein said at least one passive optical network is
constituted by separate first and second simplex passive
optical networks, each having an n-way split, the first
5 simplex passive optical network connecting the head end
transmitter unit to the receivers of the customer optical
- network units, and the second simplex passive optical network
connecting the head end receiver unit to the transmitter
units of the customer optical network units.
10
5. A system as claimed in any one of claims 1 to 3,
wherein said at 1least one passive optical " network |is
constituted by a duplex passive optical network having an n-
way split.
15
6. A system as claimed in claim 5 when appendant to claim
2, wherein the head end transmitter unit and the head end
receiver unit are connected to the dﬁplex passive optical
network via a WDM, and the receiver and transmitter unit of
20 each customer are connected to the duplex passive optical

network via a respective WDM.

7. A system as claimed in any one of claims 1 to 6,
.further comprising a video server for supplying video film

25 signal information to the sub-carriers carrying broédband
service signals.

8. A system as claimed in claim 7, further comprising a
switch for controlling the supply of video film signal
30 information from the video server to the sub-carriers

carrying broadband service signals.

9. A system as claimed in claim 8, further comprising a
broadcast distribution network for supplying broadcast
35 television channels to the sub-carriers carrying broadband

service signals via said switch.

_—
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- 9- m of advantages conpared with known broadband

. tranm‘gsnsaﬂﬁm In particular, the use of FM sub- carrier
.nultl follomnng advantages namel y: - 1. opti cal
const simlar to those for 5 di gital (baseband)
nmodul Iow cost lasers can be used, as linearity requirenents
are Iess strlngent : a high PO\M3split is possible wthout
opti cal anpllflcation;
10. A system as claimed in claim 9, wherein the broadcast

distribution network and the video server are connected to
the switch by an SDH ring.

5 11. A system as claimed in any one of claims 7 to 10,
wherein a respective receiver/tuner unit is associated with
the receiver of each of the customer optical network units,
the receiver/tuner units being arranged to convert received
video film signal information into a form suitable for

10 reception by a television apparatus.

12, A system as claimed in any one of claims 1 to 11,
wherein the interactive signals are digitally phase modulated
onto said one sub-carrier.

15 '
13. A system as claimed in any one of claims 1 to 12,
wherein the broadband service signals are frequency modulated
onto said remaining sub-carriers.

20 14, A system as claimed in any one of claims 1 to 12,
wherein the broadband service signals are digitally phase

modulated onto said remaining sub-carriers.

15. A system as claimed in claim 12 or claim 14, wherein
25 QPSK is used for digitally phase modulating signals onto said
sub~-carrier(s).

R ) Y III "
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10 4. the frequency band is conpatible with the satellite TV

- receiver band of 950MHz to 2000MHz; 5. t he equi pnment used is
conpatible with terrestrial radio systens; - 6. very snal |
| ow power optical receivers can be used; ,15 _ and 7. as the BPON
transmtter 1 is used to transmt the downst ream TPON signal s, a
separate optical TPON transmtter at the head end is not
required, and a separate op&hﬁﬁggﬁgfeiver at the ONU i s not
required, 20 t her eby consi der abl ucing th st of the optics.

e co
: Blhkgady in use is

The conpatibility with | CdaEes 2 Q¥MYL
particularly inportant. Thus,

thé cﬁstonér
An optical-fibre communications system comprises a
5 head end connected to n customers by an optical fibre
network. The head end comprises a transmitter unit (1, 5)
and a receiver unit (2), and each of the customers has an
optical network unit (9) comprising an optical receiver (10)
and a transmitter unit (11). The head end transmitter and
10 receiver units (1 and 2) are connected respectively to the
receivers (10) and the transmitter units (11) of the customer
optical network units (9) by at least one passive optical
network (3, 4 or 3'). The head end transmitter unit is
constituted by an optical transmitter (1) driven by a sub-
15 carrier multiplexer (5), the sub-carrier multiplexer having
a plurality of input sub-carriers at different frequencies.
One of the sub-carriers carries interactive signals provided
by a further transmitter unit (6). The remaining sub-
carriers carry broadband service signals. Each customer
20 transmitter unit (11) includes an optical transmittef and
means for multiplexing interactive signals and control
signals to drive said optical transmitter. The head end
includes a system control unit (8) for controlling the
transmission of broadband services by the head end
25 transmitter unit (1, 5) in -dependence upon the control
- signals received by the head end receiver unit (2) from the

customer transmitter'units (IIL

Fig. 1
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" ONU/9 could directly replace a satel lite dish, in which case it would be
. connected directly to the set-top receiver 25 (control box 12), and could
be powered by that receiver- from t he supply intended for the | ow noise

blrock (LNB). Each of the systens described above is, therefore,
capable of delivering  advanced interactive broadband services, such
as video on demand direct to the home on 3@3fibre.  The FM BPON approach
described is capable of a high | eyel_optical split, and theu.lidt egration
of the TPON tQchnolog RsTqMiloRek provides a p w1 1)

I nteractive capd . N vq_ﬂD be appar enjefR EI‘E system

descri bed above 35
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coul d be

satellite TV from

each of the TPOV BPON systens descri bed

- nodified to provide broadcast TV,

demand. For exanpl e,
10 -
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.a-.central dish, and innovative new dial-up services applications

- such as t el epresence, br oadband vi deoconferencing, virtual reality
and vi deo ganes.
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It . An optical fibre comunications system conprising a head end

“connected to a plurality of custoners by an optical fibre network, the
-head end conprising a 5 transnitter .unit and a-receiver unit, and each of
"the custonmers has an optical network unit conprising an optical
receiver and a transmtter unit, the heag end transmtter and receiver
units being connected respectively to the receivers and the transmtter
units of the custoner optical network units by at |east one passive

optical netdifderionsigingsed biyegRticah A@nsRiterse ﬁb%/?‘(ﬁi‘l lagersvsekbeinm sievelopechg t he

optical 10 I'L&Il%ﬁep‘ﬁlié"ﬂm‘spe%rﬁb&l r#"&eh%%&r‘gerrf y A Suhetﬁeéénfvt/o laPeas,

constitute y an Op | cal trans tter driven carriler
mul-ti pl exerthe ohticalindgat eckievahig wilbistikde yetyilimjted, and optical splitting of the

signal will, therefore, be minimal. _

5 Known broadband optical fibre communications systems are described in
EP-A-0386466, EP-A-0380945 Journal of Lightwave Technology, vol. 11, no. 1,
January 1993, New' York US; pages 60-68 (Olshanky et al), and Journal of
Lightwave Technology, vol. 11, no. 1, January 1993, New York US; pages 106-
115-{Tsuchiya et al).

10 The present invention provides an optical fibre communications system
comprising a head end connected to a plurality of customers by an optical fibre
network, the head end comprising a transmitter unit and a receiver unit, and each
of the customers has an optical network unit comprising an optical receiver and a
transmitter unit, the head end transmitter and receiver units being connected

15 respectively to the receivers and the transmitter units of the customer optical
network units by at least one passive optical network, said at least one passive
optical network constituting the optical fibre network, wherein the head end
transmitter unit is cdnstituted by an optical transmitter driven by a sub-carrier
multiplexer, the sub-carrier multiplexer having a plurality of input sub-carriers at

20 different frequencies, one of said sub-carriers carrying time division multiplexed
interactive signals provided by a further transmitter unit, and the remaining sub-
carriers carrying broadband service signals, wherein each customer traﬁsmitter unit
includes an optical transmitter and means for multiplexing interactive signals and
control signals to drive said optical transmitter, and wherein the head end includes

25 a system control unit for controlling the transmission of broadband services by the
head end transmitter unit in dependence upon the control signals received by the
head end receiver unit from the customer transmitter units, and wherein upstream
transmission is by time division multiple access at baseband.

Advantageously, the head end optical transmitter is arranged to operate at

30 a first predetermined wavelength, and each of the customer optical transmitters is
arranged to operate at a second predetermined wavelength. Preferably, the first
predetermined wavelength lies in the range of from 1500nm to 1650nm, ‘and the

second predetermined wavelength lies in the range from 1260nm to 1360nm.
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"plurality of input sub- carri'ers'!ét different_frequencies, aone of said

sub-carriers carrying ti:nme di- i si.on nultlplexed interactive signals

_provided by a further transmitter unit,-and the remaining sub-carriers
carrying broadband service signals, 15° mhereln each custoner transmtter
unit includes an optical transmtter anddnmeans  for nultiplexing
interactive signals and control signals to drive said optical

transmtter, and wherein thedhead end includes m.control unit for

control | i né“b'ca"ﬁﬁ% {1 8iR5Y C8SE oA AT BRASS 'fééPY/’% §P§§’ ¥ Beeaipddi

transm tterdldiﬁ:'ll& p'hase moddﬁﬂﬁg@%% oHIe RaldRibCntidry). signal s received by the
head end receiver unit from the custoner transmtter units, and wherein

upstream transnil®girseferred pnhadifaent, theyfusther gansmitiar pink i @cERQN headsaaéband.
2. A SXFatngmiﬁér Cl ViR gbBudy 2HE FPoNNRESR-¢hd BandifRtr§0d @R T%Rkport

transmtte
5 System transmitter, and preferably the Bit Transport System transmitter bit

interleaves a plurality of traffic data streams.

Two forms of optical fibre communications system, each of which is
constructed in accordance with the invention, Will now be described, by way of
example, with reference to the accompanying drawings, in which:-

10 Figure 1 is a schematic representation of the first system;

Figure 2 is a schematic representation of the second system; and

Figyre 3 is a schematic representation of the head end of a modified form
of either of the systems of Figures 1 and 2.

Referring to the drawings, Figure 1 shows a TPON/BPON optical fibre

15 communications system having a head end station including a BPON transmitter 1
and a TPON receiver 2. The transmitter 1 is connected to 256 customer premises
{only one of which is shown) via a simplex PON indicated generally by the -
reference numeral 3. Similarly, the TPON receiver 2 is connected to the 256
customer premises by a simplex PON indicated generally by the reference numeral

20 4. The BPON transmitter 1 is. basically a laser provided with control/monitoring
circuitry. If necessary, an optical amplifier (such as a fibre amplifier) will be
provided downstream of this laser. A suitable BPON transmitter is that described
in the article "Broadband systems on passive optical networks" (British Telecom
Technology Journal, vol 7, no. 2, pages 115-122, April 1988). The TPON receiver

25 2 is a standard TPON optical receiver, for example of the type described in the
article "The provision of telephgny over passive optical networks"” (British Telecom
Technology Journal, vol 7, no. 2, pages 100-114, April 1989).

The BPON transmitter 1 is driven by an FM sub-carrier multiplexer 5 which
has 32 input sub-carriers each of up to 40Mbit/s capacity. This technique of sub-

30 carrier multiplexing enables transmission of a multiplex of the 32

————
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‘is arranged to operate at a first predeterm ned wavel ength, and each of the

— 25 —customer TC NSMi{Terss¢s, arranged 'to operate .at a second

-pr.edet engt h. 3 -A . 8ystem: as clainmed in claim
2, V\/heﬁumrmnum“m”gledeterm ned © ‘wavelength lies in the range of from
1500nm to 9 850mm sand the second 30 pregeterm ned wavel ength lies in the
range from1l 260nmto 1 360nm - 4. A systemas clainmed in any one
of clains 1 to 3, wherein sa:d at |east one passive optical network is

constituted by separate first and sec&h&lMEnpl ex passive

1. An optical fibre communications system comprising a head end connected

to a plurality of customers by an optical fibre network, the head end comprising a

5 transmitter unit and a receiver unit, and each of the customers has an optical
network unit comprising an optical receiver and a transmitter unit, the head end
transmitter and receiver units being connected respectively to the receivers and

the transmitter units of the customer optical network units by at least one passive
optical network, said at least one passive optical network constituting the optical

10 fibre network, wherein the head end transmitter unit is constituted by an optical
transmitter driven by a sub-carrier multiplexer, the sub-carrier multiplexer having a
plurglity of input sub-carriers at different frequencies, one of said sub-carriers
carrying time division multiplexed interactive signals provided by a further
transmitter unit, and the remaining sub-carriers carrying broadband service signals,

15 wherein each customer transmitter ljnit includes an optical transmitter and means
for multiplexing interactive signals and control signals to drive said optiéal
transmitter, and wherein the head end includes a system control unit for controlling

the transmission of broadband services by the head end transmitter unit in
dependence upon the control signals received by the head end receiver unit from

20 the customer transmitter units, and wherein upstream transmission is by time

division multiple access at baseband.

2, A system as claimed in claimr 1, wherein the head end optical transmitter
is arranged to operate at a first predetermined wavelength, and each of the

25 customer optical transmitters is arranged to operate at a second predetermined

wavelength.

3. A system as claimed in claim 2, wherein the first predetermined
wavelength lies in the range of from 1500nm to 1850nm, and the second

30 predetermined wavelength lies in the ra'nge from 1260nm to 1360nm.

4, A system as claimed in any one of claims 1 to 3, wherein said at least one

passive optical network is constituted by separate first and second simplex passive
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12 optical networks, each having an n-way split, the first sinplex ___ __

~Tpassive optical netvvor k connecti-ng 'the head end transm tter unit to the

Tecei optical network units, and the second sinplex
passi umm)ml ﬂm k connectl ng the head end receiver unit to the
transnrtter wni ssof *t he custoner opticajp,network 5 units.

optical ‘networks, each having an n-way split, the first simplex passive optical
network connecting the head end transmitter unit to the receivers of the customer
optical network units, and the second simplex passive optical network connecting

the head end receiver unit to the transmitter units of the customer optical network
5 units. -

5. A system as claimed in ény one of claims 1 to 3, wherein said at least one
passive optical network is constituted by a duplex passive optical network having
an n-way split.
10

B.. A system as claimed in claim 5 when appendant to claim 2, wherein the
head end transmitter unit and the head end receiver/unit are connected to the
duplex passive optical network via a wave division multiplexer, and the receiver
and transmitter unit of each customer are connected to the duplex passive optical

15 network via a respective wave division multiplexer.

7. A system as claimed in any one of claims 1 to 6, further comprising a
video server for supplying video film signal information to the sub-carriers carrying
broadband service signals.

20
8. A system as claimed in claim 7, further comprising a switch for controlling
the supply of video film signal information from the video server to the sub-carriers

carrying broadband service signals.

25 9, A system as claimed in claim 8, further comprising a broadcast distribution
network for supplying broadcast television channels to the sub-carriers carrying

broadband service signals via said switch.

10. A system as claimed in claim 9, wherein the broadcast distribution
30 network and the video server are connected to the switch by a synchronous

digitial hierarchy ring.

S
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5, A systemas clained in any one of claing 1 to 3,.wherein_sai.d-at

| east one passive optical network®is’ constltuted ‘by -a dupl ex passive

. opti ﬂllmﬁﬂmullt"m an n-way split. 10 6.. -~ A systemas

el ai n appendant to claim 2, wherein the head end
transrfittfertuntt %and the head end FECEIW%r/UHIt are connected to the
dupl ex passive optical network via a wave division nultiplexer, and the
receiver and transmtter unit of each custoner are connected to the
dupl ex pas3ive oftsystdm lasSclaigtedoinkanyl ane of elaes (7 tee 10 wehetiéin i = respective
mul ti pl EX€ eceiver/tuner unit is associated with the receiver of each of the customer optical
network units, the receiver/tuner units being arranged to convert received video

film signal information into a form suitable for reception by a television apparatus.

12. A system as claimed in any one of claims 1 to 11, wherein the interactive

signals are digitally phase modulated onto said one sub-carrier.

13.° A system as claimed in any one of claims 1 to 12, wherein the broadband

10 service signals are frequency modulated onto said remaining sub-carriers.

14, A system as claimed in any one of claims 1 to 12, wherein the broadband

service signals are digitally phase modulated onto said remaining sub-carriers.

15 15, A system as claimed in claim 12 or claim 14, wherein QPSK is used for

digitally phase modulating signals onto said sub-carrier(s).

16. A system as-“claimed in any one of claims 1 to 15, wherein the further
transmitter unit is a TPON head-end transmitter. '

20
17. A system as claimed in claim 16, wherein the TPON head-end transmitter

is a Bit Transport System transmitter.

18. A system as claimed in claim 17, w.herein the Bit Transport System

25 transmitter bit interleaves a plurality of traffic data streams.
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carrying whichraféetizhedresnect of metingltbe viquirsdipdrfomntote in these two areas,
the optical budget achievable will still be very limited, and optical spiitting of the
signal will, therefore, be minimal. |
5 Kﬁown broadband optical fibre communications systems are described in
EP-A-0386466, EP-A-0380845 Journal of Lightwave Technology, vol. 11, no. 1,
- January 1993, New York US; pages 60-68 (Olshanky et al}, and Journal of
Lightwave Technology, vol. 11, no. 1, January 1993, New York US; pages 106-
115-{Tsuchiya et al).

10 The present invention provides an optical fibre communications system
comprising a head end connected to a plurality of customers by an optical fibre
network, the head end comprising a transmitter unit and a receiver unit, and each
of the customers has an optical network unit comprising an optical receiver and a-
transmitter unit, the head end transmitter and receiver units being connected

15 respectively to the receivers and the transmitter. units of the customer optical
network units by at least one passive optical network, said at least one passive
optical network constituting the optical fibre network, wherein the head end
transmitter unit is constituted by an optical transmitter driven by a sub-carrier
multiplexer, the sub-carrier multiplexer having a plurality of input s_ub—carriers at

20 different frequencies, one of said sub-carriers carrying time division multiplexed
interactive signals provided by a further transmitter unit, and the remaining sub-
carriers carrying broadband service signals, wherein each customer transmitter unit
includes an optical transmitter and means for multiplexing interactive signals and
control signals to drive said optical transmitter, and wherein the head end includes

25 a system control unit for controlling the transmission of broadband services by the
head end transmitter unit in dependence upon the control signals received by the
head end receiver unit from the customer transmitter units, and wherein upstream
transmission is by time division multiple access at baseband.

Advantageously, the head end _.ol__ptical transmitter is arranged to operate at

30 a first predetermined wavelengfh, and 'é‘;"ch of the customer optical transmitters is
arranged to operate.at a second predetermined wavelength. Preferably, the first
predetermined wavelength lies in the range of from 1500nm to 1650nm, and the

second predetermined wavelength lies in the range from 1260nm to 1360nm.
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10 ‘A system as claimed in claim 9, wherein the broadcast distribution
30 network and the video server are connected to the switch by a

synchr onous digitial hierarchy ring. '

13

4

sub-carriers. In either cése, quadrature phase shift keying (QPSK) may be used for
digitally phase modulating signals onto said sub-carrier(s).

In a preferred embodiment, the further transmitter unit is a TPON head-end
transmitter. Advantageously, the TPON head-end transmitter is a Bit Transport

5 System transmitter, ahd preferably the Bit Transport System transmitter bit
interleaves a plurality of traffic data streams. '

Two forrhs of optical fibre communications system, each of which is
constructed in accordance With the invention, will now be described, by way of
'example', with reference to the accompanying drawings, in which:-

10 Figure 1 is a schematic representation of the first system;

Figure 2 is a schematic representation of the second system; and

Figyre 3 is a schematic representation of the head end of a modified form

~ of either of the systems of Figures 1 and 2. _

Referring to the drawings, Figure 1 shows a TPON/BPON optical fibre

15 communications system having a head end station including a BPON transmitter 1
and a TPON receiver 2. The transmitter 1 is connected to 256 customer premises
{only one of which is shown) via a simplex PON indicated generally by the
reference numeral 3. Similarly, the TPON receiver 2 is connected to the 256
customer premises by a simplex PON indicated generally by the reference numeral

20 4. The BPON transmitter 1 is basically a laser provided with control/monitoring
circuitry. If necessary, an optical amplifier {such as a fibre amplifier) will be
provided downstream of this laser. A suitable BPON transmitter is that described
in the article "Broadband systems on passive optical networks" {British Telecom
Technology Journal, vol 7, no. 2, pages 115-122, April 1989). The TPON receiver

25 2 is a standard TPON optical receiver, for example of the type described in the
article "The provision of telephony over passive optical networks" (British Telecom
Technology Journal, vol 7, no. 2, pages 100-114, April 1988).

The BPON transmitter 1 is driven by an FM sub-carrier multiplexer & which
has 32 input sub-carriers each of up to 40Mbit/s capacity. This technique of sub-

30 carrier multiplexing enables transmission of a multiplex of the 32
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11. *. A systemas clained in any one of clains 7 to 10, wherein a

respective receiver/tuner unit i's associated with theé receiver of each
of- t he custoner optical network units, the receiver/tuner units being

arrangedtoc ived video filmsignal information into a form
suitable fo by a television apparatus. 5 1 2. A system

as clained "mpw ims 1 to 11, Wnerelnthe interactive

signals are dige nmodul at ed sai d one sub-carrier. 13.

A systemas clainmed in any*one of clai 0o 12, wherein the broadband 10

service-signals are frequency nodul ated onto said remai ni ng sub-carriers.

1. An optical fibre communications system comprising a head end connected

to a plurality of customers by an 6ptica| fibre network, the head end comprising a

5 transmitter unit and a receiver unit, and each of the customers has an optical
network unit comprising an optical receiver and a transmitter unit, the head end
transmitter and receiver units being connected respectively to the receivers and

the transmitter units of the customer optical network units by at least one passive
optical network, said at least one passive optical network constituting the optical

10 fibre network, wherein the head end transmitter unit is constituted by an obtical
transmitter driven by a sub-carrier multiplexer, the sub-carrier multiplexer having a
plurality of input sub-carriers at different frequencies, one of said sub-carriers
carrying time division multiplexed interacti_ve signals provided by a further
transmitter unit, and the remaining -sub-carriers carrying broadband service signals,

15 wherein each customer transmitter unit includes an optical transmitter and means
for multiplexing interactive signals and control signals to drive said optical
transmitter, and wherein the head end includes a system control unit for controlling

the transmission of broadband services by the head end transmitter unit in
dependence upon the control signals received by the head end receiver unit from

20 the customer transmitter units, and wherein upstream transmission is by time

division multiple access at baseband.

2. A system as claimed in claim 1, wherein the head end optical transmitter
is arranged to operate at a first predetermined wavelength, and each of the
25 customer optical transmitters is arranged to operate at a second predetermined

wavelength.

3. A system as claimed in claim 2, wherein the first predetermined
wavelength lies in the range of from 1500nm to 1650nm, and the second

30 predetermined wavelength lies in the range from 1260nm to 1360nm.

4. A system as claimed in any one of claims 1 to 3, wherein said at least one

passive optical network is constituted by separate first and second simplex passive
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14. A SWPR any one of clainms/1 to 12, wherein the
br oadband Vice signals are digitally phase nodul ated onto said
remai ning s \m 15. A systemas clainmed in claim12 or

- cl ai m 14, vﬂg\@ d for digitally phase nodul ati ng signals
ontfo sai d S arrlLer(‘s) 16. A1;g.ystem as claimed in any one of
claims 1 to 15, wherein the further transmtter unit is a.TPON head-end
%L%”fﬂ‘eé LeloptieR netwdtks, eack HEVRGSHR Fwal AUPTRI AL 150 SThailx pHaEhe! Sprlcar

network connecting the head end transmitter unit to the receivers of the customer
optical network units, and the second simplex passive optical network connecting

the head end receiver unit to the transmitter units of the customer optical network

5 units.

5. A system as claimed in any one of claims 1 to 3, wherein said at least one
passive optical network is constituted by a duplex passive optical network having
an n-way split.
10

6. A system as claimed in claim 5 when appendant to claim 2, wherein the
head end transmitter unit and the head end receiver/unit are connected to the
duplex passive optical network via a wave division multiplexer, and the receiver
and transmitter unit of each customer are connected to the duplex passive optical

15 network via a respective wave division multiplexer.

7. A system as claimed in any one of claims 1 to 6, further comprising a
video server for supplying video film signal information to the sub-carriers carrying
broadband service signals.

20
8. A system as claimed in claim 7, further comprising a switch for controlling
the supply of video film signal information from the video server to the sub-carriers

carrying broadband service signals.

25 9, A system as claimed in claim 8, further comprising a broadcast distribution
network for supplying broadcast television channels to the sub-carriers carrying

broadband service signals via said switch.

10. A system as claimed in claim 9, wherein the broadcast distribution
30 network and the video server are connected to the switch by a synchronous

digitial hierarchy ring.
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is-a Bit ) Systemtransmtter. 18. A system as clainmed in
claim H’”fm in the Transport System 25- transmtter bit interl eaves

liﬁ Mm ﬁmat a streans.

13

11. A system as claimed in any one of claims 7 to 10, wherein a respective.
receiver/tuner unit is associated with the receiver of each of the customer optical
network units, the receiver/tuner units being arranged to convert received video

film signal information into a form suitable for reception by a television apparatus.

12. A system as claimed in any one of claims 1 to 11, wherein the interactive

signals are digitally phase modulated onto said one sub-carrier.

13. " A system as claimed in any one of claims 1 to 12, wherein the broadband

service signals are frequency modulated onto said remaining sub-carriers.

14. A system as claimed in any one of claims/1 to 12, wherein the broadband

service signals are digitally phase modulated onto said remaining sub-carriers.

16. A system as claimed in claim 12 or claim 14, wherein QPSK is used for -

digitally phase modulating signals onto said sub-carrier(s).

16. A system as claimed in any one of claims 1 to 15, wherein the further

transmitter unit is a TPON head-end transmitter.

17. A system as claimed in claim 16, wherein the TPON head-end transmitter

is a Bit Transport System transmitter.

18. A system as claimed in claim 17, wherein the Bit Transport System

transmitter bit interleaves a plurality of traffic data streams.
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