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binary sequence can descramble the synchronisa- tion signal correctly but
is prevented from output- This invention relates to scrambling in digital
ting any identical pattern of bits which do not communications networks,
for example optical fibre  constitute a synchronisation signal. networks,
serving single line telephony outstations   5  Since no part of the second
portions of the and to central stations and outstations for use in  frames
is scrambled with the same predetermined such networks.
binary sequence as the first portions without being In digital networks
where outstations generate  subject to the perturbation of the inversion
process, their clock from the received signal it is known to  an
unauthorised user attempting to descramble the scramble the signal before
transmission to avoid  10  frames will not, unless he uses sophisticated
equip- long sequences of the same bit value, which would  ment, be able to
synchronise and decode message disturb the operation of the clock recovery
circuit,  data. and to descramble in the outstations in accordance    In a
preferred form of this first aspect of the with the predetermined
scrambling sequence to      invention each second portion comprises a first
recover the original signal.                  15  section containing
housekeeping data for the out- The present invention concerns the use of a
stations, and a second section containing message synchronisation signal in
the form of a predeter-  data for the outstations, the scrambling means is
mined pattern of bits in each frame of a stream of  arranged to scramble
said first portions and said frames transmitted from a central station, and
the  first sections with a first predetermined binary se- avoidance of an
outstation erroneously recognising   20  quence and to scramble said second
sections with an identical pattern of bits in an adjacent house-  a second
predetermined binary sequence, and the keeping part of the frame.
inverting means is arranged to invert successive There is disclosed in
EP-A-0131662 a digital    nth bits of only said first sections.
transmission system comprising a central station, a   According to a second
aspect of the present plurality of remote stations and a transmission   25
invention there is provided an outstation for a digi- means therebetween.
The central station transmits  tal communications network, arranged to
receive digital data to the remote station in a sequence of  frames from a
central station as defined in the first frames in DS-1 format, each
comprising twenty      aspect of the invention, the outstation being four
8-bit time slots and one frame bit. Twelve DS-  characterised by binary
sequence descrambling 1 frames together form a superframe. The remote  30
means for descrambling the frames, the binary stations detect the twelve
frame bits for superframe  sequence descrambling means being arranged to
synchronisation, but there is no mention of avoiding  descramble the first
portions and at least part of erroneous detection of data having the same
pat-   the second portions adjacent to the first portions tern.
with the same predetermined scrambling binary In accordance with a first
aspect of the present  35  sequence, by means for identifying the synch-
invention there is provided a central station for a  ronisation signal in
the output of the descrambling digital communications network, arranged to
trans-  means, and by means arranged to correct the mit data to outstations
in the form of a stream of  inverted nth bits of the descrambled said at
least frames, each in the form of a first portion contain-  part of the
scrambled second portions thereby to ing a synchronisation signal in the
form of a pre-  40  reconstitute the original form of said at least part of
determined pattern of bits at least n bits in length,  the scrambled second
portions. and a second portion, characterised in that, the      In a
preferred form of this second aspect of the central station comprises a
binary sequence       invention, the descrambling means comprises a
scrambling means for scrambling the frames, the    first descrambler for
descrambling the contents of binary sequence scrambling means being
arranged   45  said first portions and said first sections of the such that
the first portions and at least part of the  frames in accordance with said
first predetermined second portions adjacent to the first portions are
binary sequence, and a second descrambler for scrambled with the same
predetermined binary se-   descrambling the contents of said second
sections quence, and by means for inverting successive nth  of the frames
in accordance with said second pre- bits in said at least part of the
second portions, but  so  determined binary sequence, and there is provided
not inverting successive nth bits in the scrambled  means responsive to the
synchronisation signals in first portions, thereby preventing false
recognition  the frames to control the descrambling means such of
synchronisation due to an identical pattern of  as to select the first
predetermined binary se- bits in said at least part of the second portions.
quence at the start of said first sections and to Thus any part of the
frame which is scrambled  55  select the second predetermined binary
sequence with the same binary sequence as the synchronisa-  at the start of
said second sections. tion signal has its scrambled form perturbed where-
According to a third aspect of the invention by a descrambler operating in
accordance with this  there is provided a digital communications network 2



3                 EP 0 318 331 B1                     4 comprising a
central station, a plurality of out-   the broadband multiservice network
of the future stations and a branch arrangement between the       via the
addition of separate optical wavelengths central station and the
outstations which carries in  carrying the new broadband services on the
same use multiplexed signals for the outstations in the  passive optical
network. This should be possible form of a stream of broadcast frames each
includ-   5   without disrupting, or loading the costs, of the ing a
synchronisation signal, said network being    original service provided
adequate planning and adapted for return signals from the outstations to
provision is made at the time of the initial installa- be multiplexed
passively in a stream  of return     tion. frames onto said transmission
medium, or onto a         The component parts of the applicant's optical
similar transmission medium specifically for said  10  network can be
conveniently classed under the return signals; characterised in that the
central sta-  major subject areas of 1) Optical Technology and tion is as
defined in the first aspect of the inven-  Optical System Design, II)
Optical External Plant, tion, and that each outstation is as defined in the
III) Bit Transport System Design, IV) Network Inter- second aspect of the
invention.                     face and Overall System Design, and V)
Network Preferably the network provides a 128 optical  is   Management and
Testing, which will now be dis- split for each exchange line with a
20Mbit/s bitrate  cussed in turn. of operation. The bitrate/split
combination allows an attractive set of options for both business and     I
Optical Technology and Optical System Design residential customers. Thus at
a chosen maximum split of 128 (120 customers plus 8 test ports),  20    a)
Network Topology capacity would be available to feed each customer,
Choice of topology is an important consider- if desired, with an ISDN
144kbit/s channel or equiv-   ation in minimising the overall cost of the
net- alent capacity. For business districts, where mul-     work. There are
several topologies that could be tiple line customers are in the majority,
a lower      implemented to provide a passive optical net- optical split
would be employed, allowing higher  25   work according to the present
invention. Key capacities to be delivered per customer. In the first
issues in the final choice will be: provisioning instance networks may be
planned to deliver            and  maintenance  costs, services provided,
capacities well within the 2OMbit/s feeder capabil-    growth strategy and
potential for evolution to ity, leaving substantial margin for uprating
both in   broadband services. For each option that may terms of providing
additional numbers of 64kbit/s  30  be considered the initial network cost
arguments lines or introducing, say, ISDN service.               also need
to be carefully weighed against the In such a network it is preferable that
all sys-   potential for future evolution. Choices include full tems be
designed to a fixed optical loss criterion     bidirectional working,
partial bidirectional work- appropriate to the full 128 way split,
regardless of   ing, separate upstream  and downstream  links the actual
degree of split initially required by the   35  between the exchange and a
customer, and the first customer set. This would give great planning
use of copper wire in the link between the DP flexibility, allowing
additional customers to be con-  and some customers in an otherwise all
optical nected to the network as demand arises. Thus all      fibre
network. stages of the 128 way matrix would be imple-           b) Optical
Splitter Technology mented at the outset, giving the full loss specifica-
40  The optical power splitters are conveniently tion, but with only the
minimum number of couplers     fused fibre couplers. However, longer term
op- being installed to provide connections to the initial  tions such as
holographic devices when fully customers.
developed may provide the means for achieving Although a network may be
provided which is a      potentially lower costs. fully passive optical
network with a direct fibre feed   45  c) Customer's Laser Transmitter
Module into various business or residential customers, it        The
customer's laser is one of the most can be associated with some electrical
links to        critical components  affecting  the  customer provide a
hybrid variant in which there is an active   costs. The detailed
operational requirements for electronic node at the DP and copper
connection to     any device required to be low cost specifically the
subscriber but which is compatible with, and   50  determine the choices in
package design, drive fully uprateable to, the optical network according to
and protection electronics and laser reliability the present invention.
Such a system may prove         (coupled with environmental performance).
For most economic for the early penetration of the         example an
uncooled package is likely to be residential market where cost targets for
telephony    desirable for a low cost transmitter module in service alone
are at their most severe.        55      order to reduce power consumption,
simplify the Another important advantage of the present         package
design and assembly and reduce over- invention is network evolution. This
architecture of-  all transmitter costs. The removal of the cooler, fers
considerable opportunity for evolution towards    however, results in the
temperature of the laser 3    
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with a consequent increase       reaches the optical receivers. in the
laser degradation rate at the upper end of       Various technologies are
or will be available the ambient temperature range. In addition the
with grating, interference and holographic de- temperature dependence of
laser/fibre coupling      vices offering potential for achieving low cost
will become more critical. In the system high    5  devices. pulse powers
are required to overcome the split-       Initial analysis indicates that
the optimum ting losses of the network. If excessive peak       place for
the filter to minimise cost and oper- optical powers are to be avoided
(leading to        ational difficulties is within the customer's re- high
current densities and lower reliability) then  ceiver. Options include
interposing slivers of low cost packages with good coupling efficiency   10
Dichromated Gelatin (DCG), multi-layer dielec- will be desirable. Although
the bitrate of         tric interference or a photopolymer filter be-
20Mbit/s presently envisaged permits the use of     tween the receiver
photodiode and the package low cost CMOS VLSI, transmitters/receivers op-
tail fibre, or depositing multi-layer dielectric or erating at 45-50Mbit/s
could alternatively be pro-  other filter material directly onto the
receiver vided. Such devices, although using costlier  15    photodiodes at
the wafer stage. Other ap- electronics, may in fact be cheaper overall
bear-   proaches for mounting the filter are considered ing in mind that
packaging costs are likely to be   below. dominant. The latter will be
influenced chiefly by  f) Exchange Optical Equipment the degree of factory
investment/automation             The exchange optical equipment, although
committed which will in turn be determined by   20  not so cost sensitive
as the customer equipment anticipated production volume,
devices, has a more demanding performance It will be appreciated that the
foregoing re-    specification. The laser transmitter needs to lates to the
costs of implementing a network as     have a high mean output power and a
well described herein present invention and that         controlled   and
tightly  specified   centre more expensive laser devices could be em-   25
wavelength. Preferably, single longitudinal mode ployed although this would
be likely to result in   source (eg. DFB or DBR lasers) are used to
increased costs.                                    ensure that only a
minimum width of optical The customer transmitter is preferably op-
spectrum  needs to be allocated to the initial erated on a low duty cycle
as described in the      telephony service, thus conserving valuable
applicants co-pending UK patent application UK   30  spectrum as much as
possible for future service 8700069 filed 5th January 1987. Further, it is
growth. The receiver is required to be sensitive preferable that the laser
output level is con-      and yet cope with timing jitter, due to imperfect
trolled by remote monitoring by the exchange as     ranging delay
compensation, and unequal op- described in the applicant's co-pending UK
pat-     tical power in adjacent bits, due to unequal path ent application
8710736 filed 6th May 1987   35     attenuations and customer laser output
power which allows elimination  of the monitoring         tolerances. Thus
it is preferable that the receiver photodiode from the customers
transmitter or        is a DC coupled design or at least has the frees it
to be used as a detector.                  threshold level in the decision
circuitry DC coup- d) Customer's Receiver Module                       led
relative to the zero level of the optical bit The customer's receiver will
require almost  40  stream. the same price reductions as the transmitter
module to ensure economic penetration of the     11 Optical Extemal Plant
network to customers with few lines but it is stressed that this cannot be
obtained at the cost   a) Passive Network Design of poor optical
performance as this would ad-   45      Ideally the network is designed to
be able to versely affect the optical power budget and         grow and
change, both in terms of telephony hence the overall network costs.
customers being added and in terms of new e) Optical Blocking Filter
services (wavelengths). In its most preferred An optical blocking filter is
a preferred com-   form, a fully duplexed, branched network, the ponent, as
it ensures that future upgrading of  so  wavelength range of the plant and
sensitivity of the network is possible without disturbing exist-   the
network to reflections are critical aspects ing telephony customers. For
some network to-       which have significant effects on the sizing of
pology options (e.g. full duplex) it may assist in  the network and the
specifications put on each coping with the problems of crosstalk arising
component. Studies by the applicant have from reflections. Thus, if
different wavelengths  55 shown that the effect of reflections is
significant are used in the upstream and downstream direc-      and their
effects need to be taken into consider- tions, narrow band filters can be
used to dis-      ation unless a fully duplicated fibre network is to
criminate  against reflected  light before  it      be  used  for upstream
and  downstream. 4    



7                 EP 0 318 331 B1                     8 Wavelength range of
plant is important to the      frame, a basic rate ISDN service would be
as- addition  of new  service wavelengths. The         signed 18 such
8kbits/s channels ie. 18 bits wavelength flatness of each component, and an
within the basic 125us frame. overall matching of components to optimise
In addition to the information channels within power budget need to be
considered in the   5      the basic frame there will also be one 8kbit/s
design of a network according to the present       housekeeping channel for
each customer optical invention.
termination. This will carry housekeeping mes- b) Components
sages. This means that a customer requiring 1 Critical elements here are
wavelength flat-    analogue telephony channel with out-of-channel tened
coupler arrays, optical blocking filters,  10    signalling would have a
total of 10 basic 8kbit/s connectors for use in customers' equipment and
channels assigned to him and correspondingly a splicing techniques suitable
for use on a wide     basic rate ISDN customer would have assigned scale in
all environments. The first two items on  a total of 19 basic 8 kbits/s
channels. this list have already been discussed in section I    A further
possibility for the basic frame above. An interference (or other) optical
filter  15    structure is to use a bit interleaved protocol in may
alternatively be incorporated within the con-  order to maximise any
advantage to be gained nector at the customer's premises. The alter-
by operating the customer laser in a low duty native strategy of
eliminating the customer's      cycle mode, while retaining the same frame
connector and relying on a 'hard wired' ap-        structure for both
directions of transmission. proach is another possibility. Other methods of
20  This means that rather than transmitting the bits incorporating the
optical filter in the system can  (8kbit/s channels) assigned to a
particular cus- be considered including, for example, fibre       tomer
sequentiality, they would be spread out based devices which would need to
be spliced,     fairly uniformly throughout the 125us basic either in the
customer equipment or the lead-in    frame period. optical cabling.
25     b) Auto Ranging System Periodically within the total structure,
spare III Bit Transport System Design                     time (when
service data is not being transmitted) must be reserved for the ranging
process. The a) The bit transport system (BTS) of the network   amount of
time reserved for ranging determines may eventually need to carry and
interface to  30    the geographical distance over which ranging many
disparate services, for example               can be carried out. The
frequency at which - Analogue Telephony - out of channel sig-      ranging
occurs determines the bit rate overhead nalling (64 + 8kbit/s)
that will be incurred. To simplify timing and - Analogue Telephony - in
channel signal-       synchronisation  issues  the  ranging  period ling
(64kbit/s)                         35    should be integer multiples of the
basic frame - Basic Rate ISDN (2 x 64 + 16 kbits/s)          period
(125us). A 125us frame period allows - Primary Rate ISDN (2048kbit/s)
adequate time to range over a geographical Although the main initial
requirement is ex-   distance of 10km while 250us will allow ranging pected
to be the carrying of analogue telephony    over 20km. In order to reduce
the bit rate over- with out-of-channel signalling (64 + 8kbit/s) it is  40
head to approximately 1% a 10ms periodicity highly desirable to design a
BTS with a framing    for ranging is possible (this corresponds to 80 and
channel assignment structure structure that    basic data frames followed
by one ranging can carry all the services mentioned above by      frame, a
bit rate increase of 81/80). changing the service access units only. This
is       Preferably there are 3 level or phases of important for example
for the future compatibil-  45    ranging: ity with new services.
Phase 1 ranging occurs for optical termina- The highest common factor bit
rate for the      tions (OT) when they are first connected to the above
example services is 8kbit/s. Because this     system. In this case the
exchange end has no rate is also the sampling rate for speech ser-
information regarding the path delay to and from vices, corresponding to a
125us basic frame   so    the OT. The exchange end will therefore use the
period, each bit within the 125us frame cor-       ranging period to
measure this path delay and responds to an 8 kbit/s basic channel. A cus-
then subsequently inform the newly fitted OT tomer service is then provided
by assigning an     what local delay to set up for correct timing. integer
number of these 8kbit/s channels for           Phase 2 ranging occurs for
terminals al- example analogue speech with out-of-channel  55    ready
connected to the network when a new call signalling would be assigned 9
channels each of    is initiated or when the optical terminal is turned
8kbit/s, arranged to preserve speech integrity,     on after disconnection
from the local power sup- corresponding to 9 bits within the 125us basic
ply. In this case the ranging protocol will be 5    



9                 EP 0 318 331 B1                    10 checking the delay
period previously assigned      creasing the bit-rate and extending the
frame to an OT and if necessary making small correc-     structure, the
introduction of WDM, and the pro- tions. In order to maximise laser life
times, it is  vision of additional fibres. These methods are envisaged that
the OTs will not be transmitting    described below. unless they are
carrying traffic, therefore ranging   5  b) Network and Customer Interfaces
will not be occurring for idle terminals.             A primary requirement
for the UK network Phase 3 ranging is automatic and carried       will be
to interface the network to the 64kbit/s out periodically while an OT is
carrying traffic.  switched network over 2.048Mbits DASS2 con- The exchange
end will be monitoring the timing     nections with statistically
multiplexed signalling from each active terminal and instructing these  10
in time slot 16. Protocol conversion will then be terminals (using the
housekeeping channels) to     required at the exchange end to change from
make minor corrections to the local delays if any  the channel associated
signalling over the BTS of the timings start to drift.
to the statistically multiplexed form needed at The ranging function
provides the means of        the digital exchange. Basic rate ISDN will
need synchronising each customer's data in the up-  15    to be dealt with
in a similar way, with I series to stream direction, compensating for
different line  DASS2 conversion needed. At some point in the lengths and
fluctuations in propagation delay      future, however, the 64kbit/s
switched network through the network. Automatic ranging will be     will be
capable of handling I series protocols required to periodically make minor
adjustments    which will allow I series to DAS82 conversion to to correct
any timing drift. The provision of a   20  be eliminated. The specification
for the analogue standby battery system for the customer net-
telephony customer interface is defined in work termination  is necessary
to maintain         BTNR 315 but only in terms of the interface at
telephony service during periods of mains fail-    the exchange, not at the
customer's termination. ure.
A range of customer units is envisaged to 25     cater for the multiple
line business user through IV Network Interface and Overall System Design
to the single line residential user. Modularity of the basic elements will
be fundamental to any The BTS discussed in the previous section
customer unit design to allow for operational provides a means of
transporting bits across the     flexibility. Loop disconnect and MF4
signalling passive optical network. Appropriate interfaces are  30  will be
accommodated. needed between the BTS and digital exchange,         c)
Cabling and between the BTS and customers' apparatus to          Many of
the problems in this area are com- enable services to be carried which meet
the over-   mon to any network structure. Modifications to all requirements
of the communications network.      existing solutions are likely to prove
adequate The overall system encompasses, testing, network  35    for the
exchange-cabinet and cabinet-DP links. interfacing, reliability, network
management, power-  The street multiplex version of the network will ing
and so on.                                       not require very demanding
cable develop- a) Service                                         ments.
The primary service requirement of a net-       d) Powering work according
to the invention is expected to  40     The network termination at the
customer's be analogue telephony. Such a service has to       premises will
rely on AC mains power provided be carried cost effectively between an
analogue    by the customer. This is a departure from the direct exchange
line interface at the customer's   current practice on the copper pair
network of premises and a DASS2 2.048Mbits interface to       power feeding
from the local exchange. the 64kbit/s switched network. Besides analogue
45  e) Housings telephony there are also a wide variety of other      An
initial aim is to mount components inside services which are presently
supported in an       existing cabinets in modular formats. analogue manner
over the copper pair local net-       The DP location needs to follow from
a work. The BTS frame structure and protocols        consideration of the
DP strategy to be adopted should be flexible enough to transport basic rate
50    (eg drop cable termination at pole top or in ISDN or CATV signalling.
It is an important       footway box). In a similar manner there are
principle that the addition of future new services  options for the
customer's termination (in-house, is not prejudiced by a restrictive
'telephony-only'  in garage etc) which would need evaluation prior design.
However, the provision of a minimum       to an equipment development. With
the cus- cost network may conflict with this objective and   55    tomer's
termination physical security is clearly a fine balance may need to be
struck. The          an issue to be addressed, along with issues of methods
that can be used to provide additional     power supply, battery back-up
etc. Indeed it is service include increased use of TDM by in-        likely
that the customer will require two hous- 6    



11                EP0318331B1                       12 ings, one to change
from drop cable to internal   Figure 6 is a schematic diagram of a fused
cable and the other to house electronics, bat-    optical coupler array for
use with the networks of teries etc.
Figures 1 to 5; Consideration of the street multiplex option  Figure 7 is a
schematic block diagram of a BTS essentially gives an extra housing to be
de-   5  for use with the networks of Figures 1 to 5; signed, and moves
some of the termination         Figure 8 is a schematic block diagram of a
problems to the external network. Thus power     secure transmission module
which may be used feeding and environmental issues need to be      in
customer terminals of the networks of Figures addressed for this area.
1 to 5; 10     Figure 9 is a schematic diagram of a multiplex V Network
Management and Testing                    system usable with a network as
shown in Fig- ure 1; Network management provides the means to
Figure 10 is a schematic diagram of an experi- operate and maintain the
network in an efficient    mental arrangement simulating a full installed
and reliable manner. The facilities required to im-   15    network;
plement a high degree of remote centralized man-    Figure 11 is a table
showing the possible en- agement include the monitoring of equipment sta-
hancements of a basic telephony network ac- tus, remote testing and
diagnostics, fault reporting  cording to the present invention and the
asso- and analysis; correlation and recovery procedures,  ciated technology
enhancements expected to be network initialization, configuration and
resource  20    required to provide the enhancements; management.
Figures 12 to 14 show three stages in a possible The general network
maintenance aim will be      evolution of a network according to the
present to detect and repair faults quickly, with minimum   invention
initially carrying a telephony service cost and disruption to customers.
Ideally this      only to an extended multiservice network. should be by
means of detecting slight deteriora-  25  Figures 15 to 19 show the Frame
Structure of tion of service, and not waiting until the fault se-  the BTS
shown in Figure 7; verely affects service. Centralized network manage-
Figures 20 to 22 show the Head End of the BTS ment and diagnostics should
provide the expecta-    of Figure 7; tion of fault localization to an
adequate level so that  Figure 23 to 25 show the Customer End of the fault
correction will occur in a single visit by a   30  BTS of Figure 7; and
trained technician.                                 Figure 26 shows the
PRBS scrambler arrange- Some maintenance functions can be incorpo-
ment at the Head End. rated in the DASS2 messages passing over the
Referring to Figure 1 shows there is shown the 2.048Mbit/s interfaces via
the exchange to the resi-  basic concept of a network in which the present
dent Operations and Maintenance Centre OMC.  35  invention can be
implemented. An optical fibre Other functions however will probably need to
be  communications network 2 is shown in which an managed from a network
administration centre,     exchange 4 is linked by single mode optical
fibre 6 which can gather data from the network house-     to 120 customers
8, of which only one is shown for keeping channels of a number of customer
equip-   clarity. A two level optical split is employed at ments.
40  cabinet and DP level by means of wavelength Specific embodiments of the
present invention  flattened optical couplers 10 and 12 respectively. will
now be described, by way of example only,       Each customer 8 receives a
fibre 14 from a DP and by reference to the accompanying drawings in  and,
via this, a TDM signal broadcast from the which -
exchange 4. The customer's equipment accesses Figure 1 is a schematic
diagram of an optical  45  the particular time slots of the TDM intended
for fibre communication network;                   that destination plus
any associated signalling Figure 2 is a schematic diagram of the network
channels. Further interface circuitry (not shown) of Figure 1 arranged for
full bidirectional opera-  provides the detailed services required by the
cus- tion;                                          tomer, eg analogue
telephony or ISDN services. Figure 3 is a schematic diagram of a network
so  Customers transmit digital speech or data back to arranged for partial
bidirectional operation;  the exchange using OTDMA in a low duty-cycle
Figure 4 is a schematic diagram of a network   mode with the converging
traffic streams passively having separate downstream and upstream op-
interleaving at the DP and cabinet branching tical paths between a customer
and an ex-      points. Correct timing is achieved by synchronising change;
55  the customers' equipment to an exchange clock Figure 5 is a schematic
diagram of a network in  and using a ranging protocol to set a digital
delay which there are customer terminals connected   line in the customers'
equipment to access vacant to a DP by copper pairs;
time slots at the exchange receiver. 7    
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amplitude thresholds are pro-    customers, there being 2 couplers per
customer). vided at the exchange receiver which allow moni-   The crosstalk
arises from light reflected back from toring and control of the received
amplitude. Each  any unterminated fibre end within the network customer's
time slot is sampled sequentially and   (when ends are prepared to
splice-in new cus- his transmitter power is adjusted via a downstream    5
tomers for example). An additional drawback of this telemetry path so that
the received signal falls   full duplex topology is that the splitters
required at between the two thresholds. One of the advantages  each end of
the system give rise to an increase of of this approach is that it is not
necessary to    around 6-7dB in optical path loss over other provide a
monitor photodiode at each remote trans-  topologies. mitter.
10      An alternative network is shown in Figure 3 in The cost of the
customer's transmitter may be   which the couplers 16 of Figure 2 are
incorporated further reduced because it operates in a low-duty  into the
cabinet and DP splitters, the latter for cycle mode. By operating in this
mode there is no  customer 8 being designated as splitter 20. This need for
temperature control of the source. The    uses a minimum of 2N-1 couplers,
one less than duty cycle depends upon how many time slots are  15 the full
duplex network but requires more fibre. It being accessed and for a single
line customer they  also has an additional 3-3.5dB optical power bud- may
be as low as 1:128.                            get available that could be
used to increase the Provisional system design views favour an op-
optical split size (and hence reduce the amount of tical split of up to 128
ways and a transmission rate  fibre per customer) or relax system
engineering of 20Mbit/s. This allows an attractive set of service   20
margins. Again further discrimination from reflec- options for both
business and residential custom-  tions can be obtained by employing
different up- ers. Sufficient capacity is available to feed up to  stream
and downstream wavelengths and optical 120 customers (allowing 8 spare test
ports) with a  filtering. 144kbit/s ISDN connection. Business customers re-
Referring now to Figure 4 an optical fibre com- quiring larger capacities
would access multiple  25   munications network is shown which has
physically time slots as required up to the maximum capacity  separate
upstream and downstream optical paths 2 of the system.
and 2' with respective equivalent components of Since downstream traffic is
broadcast, the sys-  Figure 2 marked with the same numbers and the tem
design requires measures to ensure commu-      same numbers primed,
respectively. nications security. Casual access to time slots can   30  The
network shown in Figure 4 has physically be prevented by appropriate design
of the cus-     separate upstream and downstream optical paths tomer's
terminal 8. Time slots are accessed ac-    and therefore reflection
problems are completely cording to the setting of the digital delay line in
the  avoided. It uses 2N-2 couplers, two less than the customers'
equipment. This function is remotely    number required for the full duplex
system  but controlled by the exchange 4. Encryption and time   35   uses
twice as much fibre. However the amount of slot hopping are other measures
which may be       fibre per customer is small in these shared access
considered necessary.                              networks so that the
fibre cost overhead is not Referring now to Figure 2 the optical network 2
critical to the economic viability of the system. In of Figure 1 is
arranged for fully bidirectional opera-  addition an extra 6-7dB of power
budget is avail- tion. Problems with reflections and the duplex cou-  40
able which could in principle be used to quadruple pier losses are reduced
by operating the network  the split size and potentially further reduce the
with  different  upstream   and   downstream       amount of fibre per
customer. Because the up- wavelengths. Thus with the downstream (from the
stream and downstream paths are physically sepa- exchange 4) traffic
carried at 1550nm  and the     rate there is no advantage in using
different upstream at 1330nm, the couplers 16 at each end   45  wavelengths
for the two directions of transmission. of the system can be designed to
have much lower      It is expected that the full duplex shown in insertion
loss. Additionally the use of blocking op-  Figure 2 will prove to be the
most cost effective tical filters 18 at the customer terminal receivers (to
approach. However some consideration should be reject the reflected light)
eases crosstalk problems  given to the network of Figure 4 where it is
possi- considerably, although of course at the expense of  50  ble that the
practical engineering advantages asso- providing the filter function.
ciated with the more relaxed optical power budget The fully bidirectional
network has the advan-  and lack of reflection problems may outweigh the
tage of minimising the amount of fibre installed but  extra fibre cost
involved. suffers more severely from potential crosstalk prob-  The network
of Figure 5 illustrates an option lems than the other networks, hence the
use of  55  based on the network of Figure 2 for early penetra- separate
upstream and downstream wavelengths      tion to the residential telephony
market. It includes and the use of filters 18. The network uses a      an
active electronic distribution point at the DP that minimum of 2N couplers
(where N is the number of   would exploit the existing copper drop wire 24
8   
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otherwise totally passive optical  access unit 40 will convert the
interface into the architecture. This topology could be useful in the
required format for the customer equipment eg short to medium term where
full network according  analogue telephony etc. to the present invention is
provided to a high street  Besides the services and any associated sig-
business community and whilst in order to reduce   5   nalling etc. the BTS
also carries the network house- duct congestion by removing copper cables,
resi-   keeping messages. These housekeeping messages dential customers on
the same route are to be      are for the smooth operation of the system,
not the connected to the system. As the optical technology  services being
carried, and include the following continues to reduce in cost the active
DPs would   system functions: be removed and the full network extended to
the   10    a. A ranging protocol to keep each channel residential
customers to pave the way for the pene-  correctly timed at the exchange
end of the sys- tration of new broadband services.                   tem.
An example of a fused fibre coupler as used in    b. The ability remotely
to turn off customer the optical networks of Figures 1 to 5 is shown in
equipment lasers for fault diagnostic purposes. Figure 6.
15     c. Remote setting of the drive current to the The fused fibre
coupler splitter 30 is fabricated  customer lasers to control the optical
output from a multi-stage array of 'elemental' 2x2 couplers  power. 32. In
order to preserve the potential of both optical  d. The provision of
terminal/customer identifica- windows in the fibre (1300nm  and 1550nm),
tion, validation and channel assignment. wavelength flattened devices are
used.          20      e. The provision of fault diagnostic data and
Individual 2x2 wavelength flattened couplers      system interrogation
messages. are just becoming commercially available. The         The ranging
function provides the means of technique for fabrication of 2x2 elemental
couplers  synchronising each customer's data in the up- is described in the
applicant's co-pending UK pat-  stream  direction, compensating for
different line ent application no. 8519183. Improvements in cou-  25
lengths and fluctuations in propagation delay pling ratio tolerances and
flatter spectral character-  through the network. The BTS performs ranging
istics in particular are desirable as these have a  periodically and makes
minor adjustments thereby direct bearing on the optical power budget,
optical  to correct any time drift automatically. split size and overall
system economics. Initial re-  Figures 15 to 19 show in more detail a BTS
suits indicate coupling ratio variation of around 1dB   30  capable of
carrying an ISDN service to 128 cus- across the complete optical window
(1275nm -       tomers. 1575nm), implying a need for careful choice of
The basic frame (BF) (Figure 15) is shown coupler parameters and system
wavelengths if, for  comprising 2304 bits of data traffic and 128 single
example, the 128-way split target mentioned above  bit housekeeping
channels and 12 bits for fibre is to be realised economically.
35  identification (ID) which in this example are not The optimum size of
the total split is affected  being used and so are spare. by various
factors and any convenient figure may      Each of the 2304 bits of data
traffic corre- be chosen. Factors affecting split size are: cost,  sponds
to an 8kbit/s basic channel from a 30 optical power budget, system bit
rate, service re-  channel TDM highway. quirements, number of lines per
customer etc. An   40  A customer service is then provided by assigning
initial study, based on a simple optical power bud-  an integer number of
these 8kbit/s channels to get model for the bidirectional network of Figure
2  each customer. For a basic rate ISDN service each and the assumption of
a maximum system bit rate    customer is assigned 18 such 8kbit/s channels
ie of around 20Mbit/s has suggested a binary split     18 bits within the
BF. Thus 2304 bits represents size of 128. This would correspond to 120
cus-  45  128 ISDN service channels each of 18 bits. tomers plus 8 test
access points with the capacity    The BF contains all the data from all
these available to feed 144bit/s ISDN (or bit rate equiv-  channels which
occurs within one sampling period. alent) to each individual customer.
A BF thus effectively contains a frame's worth (of 2 Referring now to
Figure 7, there is shown an    Mbit/s highway) of data from the 2304
8kbit/s chan- outline of a bit transport system (BTS) for use with  50 nels
and the 128 housekeeping channels. The BF the network shown in Figure 1. A
service access    is identical for both Head End to Customer End unit 34 at
the exchange 4 will take a network      (broadcast) and Customer End to
Head End service, for example analogue telephony, primary   (return)
transmissions. rate ISDN (2Mbit/s), 64kbit/s data circuit and so on,
Figure 16 shows a multiframe which is made and convert it to a standard
interface for the BTS.  55  up of a portion 50 comprising 80 BFs and a sync
The BTS will then transport this service to a further  frame (SF) 52 which
is equivalent to two BFs. The standard interface in the terminal equipment
for   multiframe has a period of 10ms and comprises customer 8. At this
point a customer based service  200408 bits. Transmission through the BTS
there- 9   
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rate of 20.0408 Mbit/s.           ID Sync pulse followed by nineteen zero
bits The broadcast SF 52 (from the Head End)         (together comprising
portion 54D) at the same in- serves a different function to the return SF
(from  stant. the Customer End).                                 It
provides a high power marker pulse for return Figure 17 shows the SF 52
from the Head End   5   path ID detection. An ID detector at the Head End
in more detail. The last 140 bits (52A) of the SF  monitors the
transmission of this high power pulse, from the Head End are essential to
system opera-  then monitors the subsequent 5 bit wide sub-slots tion as
they are the Multiframe sync Pattern from  to see if any transmission is
present, for example if the Head End to the Customer End, comprising for
sub-slot 3 has a pulse in it, Customer End 3 is example 140 zero bits,
which is identified by the   10  active in the fibre at this point.
Customer End thus enabling the Customer End to        Ideally once the Head
End has instructed the locate and receive the data intended for it from the
Customer Ends as to their respective bit delay Multiframe. The first 4748
bits (52B) ensure that  factors, all ID Sync pulses occur at the same
broadcast and return framing structures have the  instant in the SF
received at the Head End. How- same format. These 4748 bits may also be
used   15  ever, if for some reason a Customer End appears for fibre
identification purposes and general pur-  to suffer drift (which can be due
to the equipment pose broadcast system maintenance and can gen-     or the
transmission medium), the effect on the erally be referred to as System
"housekeeping"     received marker pulse will be very small and the data.
change in the instant at which the ID Sync pulse Figure 18 shows the SF
(54)from the Customer  20  detection circuit triggers in response to the
super- End. This SF is used primarily for ranging although  imposed ID Sync
pulses will be negligible. Thus it may also be used to identify at any
point in the  the Head End will continue to consider all the other network
active Customer ends connected to the      Customer Ends as functioning
correctly but will fibre. The return SF is divided into segments 54A
calculate a new value for the bit delay factor and and 54B for phase 1
ranging and for phase 2   25  send it to the errant Customer End, whereby
its ID ranging.                                           Sync pulse is
brought into synchronisation with the Phase 1 ranging uses the first 4288
bits (54A).  other ID Sync pulses. This provides a little over 200 us of
blank time in   The high power ID pulse in conjunction with which one
Customer End at a time may be ranged.    sub-slots may also be used to
detect whether a To do this, a housekeeping controller at the Head   30
particular Head End is transmitting using an optical End will instruct a
newly installed Customer End to  detector such as an optical coupling
device as transmit a single pulse at the start of the phase 1  described in
our copending patent application No period. The controller will then
identify how many  8706929 at any point in the network. Such a device bits
delay there is before this pulse arrives at the  may be used by clipping it
onto a fibre whose Head End. After several attempts it will have deter-  35
outer coating has been removed. This is useful to mined the correct bit
delay factor and will instruct  engineers working in the field, who need to
be sure the Customer End to proceed to phase 2 ranging    that if they wish
to cut a particular fibre, they using this correction.
correctly identify that fibre. The 660 bits for phase 2 ranging and fibre
In other words, by monitoring the return SF identification are shown in
more detail in Figure 19.   40  with the device an engineer can determine
the Each of the 128 Customer Ends has its own 5     "equipment numbers: of
Customer Ends that are bit wide phase 2 ranging sub-slot within the last
active in the fibre, but it will be necessary for the 640 bits (54C) of the
SF. These are used by the    engineer to monitor the broadcast direction to
find Head End controller to adjust the transmit phase of  out which network
the fibre is associated with. the Customer End so that pulses arrive at the
Head   45  Referring again to Figure 17 the 140 bits for End aligned with
the Head End clock. This obviates  MF Sync pattern may also be used to
detect the need for any clock recovery at the Head End.   breaks in the
fibre network. Using the principles of Additionally, the return path
transmission can be a  Optical Time Domain Reflectometry, it is known
simple on/off pulsing of the Customer End transmit-  that a signal
transmitted along a fibre will be re- ter, which reduces the life
requirements of the   50  flected at a break. The amplitude and frequency
of Customer End laser. It also results in improved   these reflections may
be used to determine the efficiency of use of the return path, as no clock
location of any breaks in the fibre. Since the MF recovery information need
be transmitted.          Sync pattern after scrambling (as described later)
Once the initial phase 2 ranging has been      is transmitted at regular
intervals, an autocorrector completed, the Customer End is instructed to go
55  at the Head End (Figure 21) is used to recognise "on line". It will now
activate its return path house-  the pattern. The time between transmission
of the keeping channel and also its ID Sync pulse. All    pattern and
reception of any reflections of it will Customer Ends active in the network
transmit this  give information on the location of any breaks in 10   
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perturbed after they have been scrambled, in order Referring to Figures 20
to 25, the Head End    to introduce a known error. This is achieved by and
Customer End are shown in more detail. An     inverting every sixteenth bit
by an inverter circuit important requirement of a communications system
within the scrambler, and ensures that the Cus- such as this, is that the
Customer End keeps in   5   tomer End will not mis-identify the MF sync
pat- time with the Head End.                            tern. Figures 20,
21 and 22 show the Head End. A         As shown in Figure 26, the scrambler
68 is in master clock 60 of 20.0408MHz which corresponds    the form of a
conventional PRBS generator having to the bit rate through the system is
phase locked  a nine-stage shift register 90 with the outputs from to the
incoming 2.048 MHz (abbreviated in this  io  taps at positions five and
nine fed to an X-OR gate specification to 2MHz) clock from the Head End
92 whose output is fed back to the input of the shift circuit engine 62,
which corresponds to a standard  register. The other scrambler 69 is
constituted by 32 channel TDM highway. BF (Figure 22) and MF      the same
components but with a gating means 94 Sync signals are also generated and
locked to the  for selecting a different combination of taps to be 8kHz
framing signal from the circuit engine. A 2.  is  fed to the X-OR gate, the
gating means being 304MHz bit clock 64 (in the Head End timing
controlled by a signal from the frame control (77) to generator 66) is
generated in order that the circuit  switch at the beginning and end of the
SF. engine can insert an additional bit per channel at    The scrambling of
the MF is achieved by feed- the same frame rate into the basic frame in
order  ing the data to a first input of an X-OR gate 96 to convert the
bitrate into that required for the   20  whose second input is fed with the
signal at the system.                                            input to
the shift register, the scrambled data being In order that the Customer End
keeps in        fed from the X-OR gate 96 output to the output
'synchronism' with the Head End, data from the     stage of the Head End.
Head End is used to regenerate the clock pulses at    Inversion of every
sixteenth bit in the sequence the Customer End. The transition between
'zero'  25  is obtained by an inversion circuit 98 comprising a bits and
'one' bits are used for this purpose. The  counter and inserted in the feed
line to the second data from the Head End may, however, not have      input
of X-OR gate 92, the circuit being controlled sufficient transitions for
the clock regeneration. It is  to operate only in the first part of the SF
and to therefore necessary to scramble the data from the  cease at the
beginning of the synchronisation pat- Head End using a pseudo random binary
sequence   30  tern of 140 zero bits. In practice it has been found (PRBS)
to produce a data stream which is rich in   convenient to make the last
inversion at the first transitions. Data from the Head End circuit engine
zero bit of the pattern. is scrambled by scrambler 68 (shown in Figure 21)
By providing similar descrambling circuitry in using a [err] scrambling
sequence.                the outstations the message data in the 80 BF The
sync frame (Figure 17) is also scrambled   35  portion of the MF, and the
"housekeeping" or by another scrambler 69 (not shown), using a dif-
maintenance data in the first part of the SF will be ferent PRBS (by using
different taps of the shift  properly descrambled. Thus in the same way
that register in scrambler 68), and inserted into the   scramblers 68 and
69 are together constituted by a scrambled data. The last 140 bits of the
sync       single PRBS generator as described above, de- frame (Figure 17),
the MF sync pattern, constitute a   40  scramblers 72 and 74 are similarly
together con- first portion of the present invention and are used  stituted
by a single PRBS generator having a nine- to synchronise Customer End.
Before scrambling,    stage shift register 90' (not shown) with the outputs
these 140 bits are 140 zero bits. Once scrambled,  from taps at positions
five and nine (for descram- they form an easily identifiable pattern which
is  bier 74) fed to an X-OR gate 92' (not shown), used for OTDR to detect
breaks, as previously  45  whose output is X-OR' ed in conventional manner
mentioned.                                         with the received
scrambled bit stream to obtain The 80 BF (Figure 16) together with the 4748
the original bit stream. A corresponding gating bit housekeeping portion
constitute a second por-  means 94' (not shown) is used to select a
different tion of the present invention; the housekeeping    combination of
taps to be fed to the X-OR gate 92' portion constitutes a first section of
the present  so  to constitute the descrambler 72, under the control
invention, and the 80 BF constitutes a second      of means (not shown)
responsive to the identified section of the present invention.
synchronisation signal whereby the first combina- It is very important that
the Customer End     tion is selected at the start of the SF and the
correctly identifies the 140 bits MF sync pattem. If  second combination is
selected at the start of the there were a naturally occurring string of 140
zero  55  80 BF. bits within the first 4748 bits of the sync frame, the  In
order to recognise the synchronisation pat- Customer End would wrongly
identify the MF sync   tem, the outstations have a self-synchronising de-
pattern. These 4748 bits are therefore deliberately  scrambler 71 (not
shown) with the appropriate taps, 11   
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the scrambled data. The output of  amount of data is stored in the Fifo
buffer. This is this descrambler is fed to a set-reset counter 73
important to keep a tight control of the transport (not shown) arranged to
count zeros in the de-     delay through the BTS. scrambled output, but to
reset at every one bit. As   On the receive side, data received over the
mentioned, taps five and nine are used in the   5   BTS is again stored in
a Fifo buffer before being scrambler during the SF, and thus because of
error  returned to the NA cards via the output ports. Fifo extension in the
descrambler, each inversion at the  contents control is again provided.
Head End will result in a descrambled error five      Referring to Figures
23, 24 and 25 the Cus- bits and nine bits after. So any long string of
zeros  tomer End is shown in more detail. in the "housekeeping" portion
will produce a pat-  10  A 20.0408MHz clock 70 is phase locked to the tern
of one bits at positions one, five and nine in a  incoming scrambled data
stream. This clocks all repeating pattem sixteen bits long.
the receiver circuitry. The sync frame from the The last inversion is
performed on bit one of   Head End containing the BF and MF sync patterns
the 140 bit sync pattem, and so because of error   is descrambled by
descrambler 72 (in the form of a extension the counter will reset for the
last time at  15  self-synchronising descrambler) and extracted to bit
nine. The counter is arranged to give an output  synchronise the receiver.
after reaching a count of 127 to indicate recognition  In the design of the
descrambler 72 it is taken of the sync pattern, and the following pulses
are  into account that inversion has been applied to used for decision
making, with the last pulse being  successive sixteenth bits of the 4748
bit house- the system MF synchronisation pulse (this being   20  keeping
portion of the SF, that the last inversion in followed immediately by the
first pulse of the next  this portion is at bit 4733 and that one further
MF).                                              inversion is applied to
the first bit of the synch- In this preferred arrangement the 80 portion of
ronisation pattern, and therefore the descrambler the MF is scrambled using
a different binary se-   72 comprises means 75 (not shown) arranged to
quence from that used to scramble the SF i.e. from   25  correct the
inverted bits of the housekeeping por- that used by scrambler 69 and
descramblers 71     tion to reconstitute the original form of the house-
and 72. This has the advantage that the scrambling  keeping signal.
Furthermore, because it is known and descrambling need not involve any
special      that the descrambler 72 has in its descrambling arrangement to
prevent a long sequence of zeros    process inherent error extension
related to the spe- appearing in the descrambled output since during   30
cific taps used in its design it therefore has the this 80 BF portion the
descrambler 71 will be      capability of compensating for its inherent
error attempting to descramble with a different binary   extension.
sequence and providing plenty of one bits which       The broadcast data
stream is then descram- reset the counter. It will be appreciated that the
MF  bled by descrambler 74 which is the inverse of could be scrambled with
the same binary se-  35  scrambler 68, and if it has been ciphered for
secu- quence in which case the successive nth bits will  rity reasons,
deciphered, and the resultant received be inverted throughout the 80 BF
portion as well as  data stream is fed to the circuit engine. in the
housekeeping part of the SF.                   The transmit frame timing is
offset by a spe- The data may also be ciphered for security     cific
number of clock cycles and the transmit clock reasons.
40  phase is set in the Transmit Phase and Framing Any data received at the
Head End is returned   generator 76. The values to be used are provided and
presented to the circuit engine.               by the housekeeping extract
unit 78. This permits Figure 22 shows the Head End circuit engine
precise adjustment of use, time and phase of arri- which has the task of
interfacing up to 8 Network  val of Customer End transmitted data bits at
the Adapter (NA) cards to the BTS. Each NA will  45   Head End. handle all
the traffic from a 2Mbit/s data stream (or  A local 2.048MHz clock 80 is
phase locked to equivalent). It is assumed that the outputs from all  the
20.0408 MHz clock 70, and this and an 8kHz 8 NA cards are frame aligned,
and that all 2MHz    framing clock 82 are also fed to the circuit engine.
clocks are synchronous.                               Figure 25 shows the
Customer End circuit en- Reference 2.048MHz and 8kHz framing clocks   50
gine. are extracted from the NA inputs to phase lock the    Specific single
bits of data are snatched from BTS 20.0408MHz master clock. The BTS
provides      the received data stream by a Data Snatcher 84, a common
2.304MHz bit clock to each NA to          which interprets the start
channel band bitrate in- synchronise data transfer to and from the circuit
formation from  the housekeeping  block. The engine.
55  snatched data is stored in an output Fifo buffer Data is stored in Fifo
buffers, and transmitted  until output to the Customer End Network Adapter
through the BTS via the transmit register. Control is  (CNA). provided here
to ensure that only the minimum 12   
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contents is provided by the   e) automatic ranging. The synchronous network
Framing control block 86 which ensures that the      requires the use of a
ranging protocol to allocate Fifo contents are kept to a minimum. Again
this is   time slots to remote terminals. This protocol necessary to
minimise the transport delay thought    must take account of the round-trip
delay and the BTS.                                       5     the
availability of channels. Data is actually clocked in and out of the CNA
The first four of these features use commer- using a clock derived by the
CNA from a standard   cially available primary multiplexers (PMUX's) as a
2.048MHz and 8kHz clock pair provided by the       basic system building
block. PMUX's transmit 30 BTS.
PCM channels plus frame alignment and signalling Data for transmission to
the Head End of the   10  bits at 2.048Mbit/s. The standard circuitry
includes BTS passes through a similar path, and is transmit-  the audio A/D
and D/A necessary for a telephone ted as discrete bits interleaved with
traffic from  interface. other Customer Ends. (Such an approach allows
For both demonstrations optical transmitters the use of a cheaper laser
diode in the Customer   and receivers for the respective transmission rates
End transmitter).                            15  of 2 and 8Mbit/s were
used. The first demonstra- One simple way to provide security is phys-
tion was of a PMUX system using the configuration ically to prevent access
to the signals. This may be  shown in Figure 10. Two types of PMUX were
achieved at the optical level, for example, by not  employed: a
rack-mounted PMUX representing the providing a demountable connector, bit
merely pro-  local exchange, and several PMUX's representing viding a
permanent connection into a sealed unit  20  individual customers.
Telephones were connected which would not allow unauthorised access to
to the PMUXs via interface boxes which provide timeslots from the 'outside
world'. Figure 8 shows a  DC power and 2 to 4 wire conversion. possible
transmission module option containing the    In the downstream direction,
30 PCM channels BTS, optical transmit and optical receive circuitry  of
analogue telephony from the local exchange together with an optical filter
and coupler. A 'semi-  25   were multiplexed onto a 2 Mbitls digital output
in permanent' optical connection on the line side of  HDB3 format (High
Density Bipolar ternary code). the module provides a good degree of
security,     This was used to modulate directly an IRW semi- whilst only
authorised time slot data would be     conductor laser (with mean power
feedback control available on the electrical connections to the line
circuitry). The signal then passed through a fused circuit equipment. This
may necessitate configura-  30  taper coupler to separate the transmit and
receive tion data to be downloaded securely from the ad-   paths at the
exchange end. All spare legs on all ministration centre to programme
remotely timeslot  couplers were index matched to reduce the risk of
access. Other options include the incorporation of  reflections. encryption
algorithms, and the use of Personal        The signal then passed through
6km of a sin- Identification Numbers (PIN's) for user validation.  35  gle
mode fibre to simulate the link to the cabinet. It The arrangement of
Figure 9 was used to illus-  was then distributed to the individual
customers via trate the technical feasibility of the present inven-  a
splitter, fabricated from  wavelength flattened tion. The features
demonstrated in this arrange-   fused biconical tapers, which had a loss
represent- ment include:-                                    ing a 256-way
splitting ratio. Four of the outputs a) a power divider with sufficient
stages to re-  40  from this splitter were connected to a further cou-
present the loss of a 256 way split. This splitter  pLer to separate the
receive and transmit paths at is wavelength flattened to permit operation
in the  the customer's end. 1300nm and 1550nm windows;
Commercial PIN FET transimpedance receiv- b) bidirectional operation;
ers with a quoted minimum sensitivity of -52 dBm c) a synchronous TDMA
optical network. Each   45  were mounted on a card designed to plug
directly remote terminal is locked to a master clock at   into the
customer's PMUX. Each PMUX could re- the exchange and is allocated time
slots for     ceive all 30 channels, but only one channel was return
physically connected for each customer. After sub- channel signalling. Time
slots are interleaved   sequent equalisation, this channel was demultiplex-
passively in the network;                   50  ed and connected to the
customer's telephone. d) low duty-cycle signalling. Remote lasers are
In the upstream direction, a different transmis- only required to transmit
during the allocated   sion format was employed, because of the need to
time slots. (For the PMUX demonstration system   interleave the individual
customer's bytes (word described below the duty cycle is 1/64 per
interleaving) to form a 2Mbit/s frame which could channel. This feature
offers enhanced laser re-  55  be received by the exchange PMUX. The
conven- liability and elimination of temperature control  tional 2Mbit/s
digital output from the customer's circuitry); and
PMUX could not therefore be used, so NRZ binary signals were picked
directly off the backplane. A 13   
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was designed to do this which        All optical plant was installed over a
period of plugged directly into the PMUX. This included a    two - three
weeks. The link length was 1.5km. laser as before, but operating in low
duty-cycle      The PMR utilises a TDM broadcast system for mode without
cooling, and an addressable digital   downstream communication from Head
End to sub- delay line to move the customer's channel by 0.5   5   scriber.
The data stream is continuous with any bit intervals, enabling it to fit
correctly into the  unused frames packed with PRBS. Conventional 2Mbit/s
PCM frame when interleaved with other       AC coupled laser transmitter
and optical receivers customer's channels. A total of 5 cards are re-
were used. The laser launched -8.5 dBm into the quired to equip a PMUX for
up to 8 customers:      fibre at 1300nm. A 2Mbit/s optical modem was power
card, audio card, mux/control card, transmit  10  modified to provide the
receiver stage. Receiver card and receive card.
sensitivity was measured at -30 dbm. The output from the customer's laser
in serial    In the upstream direction transmission is by byte format was
then passed through the cus-       TDMA with each outstation sending
packets of data tomer's coupler again, back up through the splitter,  in
assigned time slots. In this case DC coupled through the fibre, and into
the exchange receiver  15  optical transmitters and receivers were used.
Each via the exchange coupler. The NRZ binary was       customer
transmitter was turned fully off when no then converted into HDB3 format,
using a System    data was being sent to avoid inter-channel interfer- X
digital line interface card, for input to the PMUX.  ence on the shared
fibre. This was achieved by This signal was converted to telephony via the
biasing the laser off, turning it fully on for a logic audio interface as
before. Autoranging was not im-  20  'one' and turning it fully off again
for a logic 'zero'. plemented in this demonstration.                   This
differs from conventional point to point fibre The second demonstration is
of a multipoint     systems in which the transmitter is biased above radio
demonstration. This demonstration is based  tum-on and modulated about that
point. on an adaption of the applicant's point to multipoint  The optical
receiver is also designed to operate radio system (PMR) operating over a
passive sin-  25  in the presence of a burst mode signal. A DC gle mode
fibre network installed by the blown fibre  coupled receiver is required to
avoid baseline drift technique. The network incorporates optical split-  in
the absence of received data during the quiet ters at flexibility points
for duplexing and distribu-  period between packets. The receiver used was
tion.                                              based  on  a  long
wavelength  InGaAs  PIN For these experiments the radio transmission   30
photodiode operating into a high input impedance shelf in the central
station equipment of their radio  FET op-amp, with bootstrap feedback to
reduce system was replaced by a laser transmitter and     input
capacitance. optical receiver. Similarly, the subscribers equip-   A
ranging function is required at the subscrib- ment was modified by the
addition of an opto-      er's terminal to ensure that packets are
transmitted electronic interface.                         35  at the
correct instant to avoid time overlap at the Figure 10 shows the
experimental network. A     Head End. two line System X exchange was
employed. One          The preferred arrangement for a full network is line
was a 'copper subscriber' using a phone       to have 15 exchange lines at
the DP, with 1 to 15 known as an N11 (Network termination type 1). The
exchange lines interfaces per customer optical ter- other line connected
the 'network customer' via the   40  mination, a two level optical split
hierarchy fibre network, through to the exchange. Digital    (nominally at
cabinet and DP sites) with a distance speech was transmitted in both
directions simulta-  of 1.6km between exchange and cabinet, 500m neously by
calling between the copper and network  between cabinet and DP and each
customer. subscribers.                                          If a copper
wire is made to some customers Initially, a previously installed tube
system was   45  from the network a single level optical split hierar-
extended to provide a link across the demonstra-   chy is preferred,
nominally sited at the cabinet. tion site via a standard PCP cabinet.
Wavelength      Although a conventional exchange to cabinet flattened 2x2
splitters were mounted in terminal   distance of 1.6km has been assumed,
the system boxes at each end of the network to provide full   will be
capable of much greater ranges of at least duplex transmission capability.
A 4x4 flattened ar-  50  10km. This can provide a basis for rationalising
the ray was mounted in the cabinet to model a street   number of local
exchanges in a given network. The flexibility point. An additional 2x2
splitter was  efficient multiplexing structure of such a network mounted to
simulate a distribution point (DP).     (arising from the combination of
optical splitting The blown fibre plant is all standard equipment.  and the
sharing of the customer's optical connec- BICC splice trays were used to
house couplers and   55  tion cost over multiple lines) should mean that
the splices at the terminal boxes. Index matching was  enhanced upper
network costs associated with the performed on all unterminated fibre ends
in the   longer links are kept within bounds. This should network to reduce
crosstalk from back reflections.  allow any significant cost savings
identified for ex- 14   
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rationalisation to be enjoyed to the full.      The evolution of the
optical technology and the The passive network architecture offered by
service package carried by an enhanced network the present invention
presents an opportunity for  are obviously closely coupled. For example the
evolution towards a broadband multiservice net-    number of wavelengths
available for broadband up- work. When considering the evolution to
broadband    5   grade will depend crucially on the optical technol-
service capability two important principles need to  ogy invoked. Also the
technologies used for ex- beQ adhered to as far as possible. They are: (a)
the  change to customer transmission could be ec- need to minimise the cost
of any additional fea-   onomically viable well in advance of customer to
tures that are required on the initial network in  exchange transmission
because of resource shar- order to allow graceful evolution to a
multiservice   10  ing at the exchange end. The technology available
broadband network and (b) to be able to add       for optical wavelength
multiplexing can be crudely broadband services to an existing system
without   divided into three categories of sophistication with disturbing
the basic telephony customers already   many permutations in between (a
more detailed connected.                                         breakdown
of possible optical technology evolution An important consideration for the
broadband   15  and service packages is illustrated in Figure 11. network
is the amount of extra field plant and       a. Fabry-Perot (F-P) lasers
used with fixed installation work that will be required to add the
wavelength filters for wavelength selection. new services. The aim here
must be to minimise       b. Single longitudinal mode lasers (eg. DFB) such
costs by utilising as much as possible of the   with tunable optical
filters 18 and possibly early installed system base.
20      heterodyne optical receivers for wavelength se- Expansion of the
system to carry higher bitrate  lection. services such as cable television
requires the use   c. Advanced coherent optical sources with com- of
wavelength division multiplexing (WDM) tech-      binations of optical
filters (tunable) and electrical niques unless the bitrate is sufficiently
large at the  (heterodyne) techniques for channel selection. outset to
allow for future broadband service. The   25  The  production  tolerances
of the  fixed latter would load the costs of the initial basic ser-
wavelength filters and the center wavelengths and vices to an unacceptable
degree and the introduc-  line widths of the F-P laser sources would mean
tion of broadband service must, at minimum, de-    that technology category
(a) would limit the number pend on the addition of at least one wavelength,
of wavelengths available to between 6 and 12 allowing the existing
narrowband customers to con-  30   wavelengths over both windows of the
fibre. In the tinue undisturbed in low bitrate mode. Because     customer
to exchange direction where temperature broadband services require higher
bit rates than   control of the laser sources might be prohibitively the
low speed data and speech services the optical  expensive the number of
wavelengths available receiver sensitivities will be considerably reduced.
could be limited to between 2 and 4 over both This implies that the optical
splitting ratio used will  35  windows. be too large for the optical power
budget available   With the technology (b) scenario the numbers for the
broadband services. It follows therefore that  of potential wavelengths
could be considerably different access points will need to be available for
greater with maybe as many as one to two hundred the feeder fibres,
carrying the broadband services  being possible in the exchange to customer
direc- from the Head End, into the optical splitter array.  40  tion in the
longer term. However it may well be that A bidirectional optical branching
network with  practical considerations such as the size of split or two
stages of splitting can have a service upgrade  safety issues would limit
the size of the wavelength by providing additional fibre from the exchange
to  multiplex before the optical technology did so. the first splitting
point and connecting in at different  Even in the upstream direction,
without any means levels within this splitter. Although the bidirectional
45  of wavelength drift correction, 10 - 50 channels network has received
the greatest attention so far,  could be available. other structures are
possible within the passive      Where the coherent technology of scenario
(c) optical network concept of the applicant's invention  is invoked then
many hundreds of wavelengths are and some of these may have advantages
either in    possible in principle, the limitations being imposed an
initial telephony realisation or in the evolution of  50  by non-linear
phenomena in the fibres. With the broadband services. For example, the
telephony     large number of wavelength channels and the po- could be two
undirectional networks respectively  tentially large optical power budgets
available, this carrying "go" and "return" channels to gain the
technology would offer a further major reappraisal benefits of lower
transmission losses and avoiding  of the operating topologies for optical
networks. reflection problems or it could have a single stage   55  The
three technology scenarios are also indica- of splitting as described above
in relation to Figure  tive of relative timescale availability. With
scenario 4.                                                 (a) effectively
being "today's" technology, (b) be- ing possible in the two to five year
time scale and 15   
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available within the decade at     tical transmitters and wavelength
multiplexer at the commercially acceptable prices. However any time
exchange; wavelength demultiplexer and broad- scale predictions concerning
advanced optical      band receiver(s) at each customer terminal.
technology must be made with extreme caution          Additional
wavelengths provided in this way and may even, given the pace of earlier
optical   5   give rise to an important choice for the operation of
development, prove to be pessimistic.              the CATV services: Given
that wavelength multiplexing will be the      the customers could access
any of the broad- method for introducing broadband services into the  cast
wavelengths via a tunable optical filter incor- network and that studies
into the optimum topology  porated into their terminal equipment. This
would are still required, the following are some examples   10  allow
simultaneous reception of several channels of how the bidirectional
branching network with two  chosen from the electrical multiplex of 8 or 16
stages of splitting might evolve described with ref-  channels carried on
the selected wavelength. Si- erence to Figures 12 to 14.
multaneous reception of more than one optical Figure 12 shows an initial
network using a     wavelength would require additional optical filtering
single wavelength to provide telephony/data ser-  is  and  an  optical
receiver for each  additional vices. The narrow pass optical filter at the
cus-  wavelength selected. However, 100% penetration tomer's equipment
allows the passage of only the   of a service offering any number of
simultaneous initial wavelength for narrow band services, thus  channels
(up to the total number transmitted on a blocking interfering channels from
(and unauthoris-  feeder fibre) to each customer could be achieved ed
access to) broadband services added at a later  20  in this way. stage.
Another key provision for wideband service     Alternatively the number of
CATV channels is the installation at the outset of a multi-stage  made
available by the combination of WDM and cabinet splitter which operates
over a broad optical  TDM could be enough to allow one or more dedi-
bandwidth in both 1300 and 1500 windows. This      cated video channels to
be assigned to each CATV facilitates partial bypass by wideband service
feed-  25  customer. In this case the network operates as a er fibres
between the exchange and cabinet (see    star with the switch sited
centrally at the exchange. below). These extra fibres may be installed
either  This system would use fixed wavelength demul- within the cable or
separately at a later date.    tiplexer and one optical receiver in the
customer's Figure 13 shows how additional wavelengths     equipment.
Although this might simplify the cus- can be used to add new services eg.
cable TV   30  tomer equipment it could mean a compromise be- (CATV) to the
network without disruption to the   tween service penetration and number of
simulta- telephony service. The extra wavelengths are car-  neous channels
received by the customers. For ried to the cabinet via additional feeder
fibres and  example if the combination of WDM  and TDM are fed into the
network at space inputs to the    allowed 32 channels to be transmitted on
each cabinet splitter. The additional wavelengths will in  35  feeder fibre
and a 32 way optical split could be general carry a higher bitrate than the
telephony  achieved, then 1 channel per customer could be and ISDN
channels. To accommodate the reduced      allocated on a 100% penetration
basis. If however receiver sensitivity incurred by the higher transmis-  4
channels per customer were required then a sion bitrate, the fibre could
bypass part of the    penetration of only 25% would be available unless
cabinet splitter to reduce the optical path loss  40  extra wavelengths
could be provided to deliver between the exchange/head end and the custom-
more channels. ers' equipment. Customers destined to receive the     A more
advanced stage using DFB lasers and additional broadband services would be
equipped   illustrated in Figure 14 will allow the allocation of at with a
simple wavelength demultiplexer to separate  least one dedicated wavelength
per customer. For the broadband and narrowband wavelengths.     45
example, with say 12 to 32 wavelengths available Each additional
wavelength, multiplexed onto a  on a 32 way split it would be possible to
allocate common fibre between the exchange and cabinet,     each CATV
customer with one wavelength to carry could carry a CATV digital multiplex
at say        all the required broadband services eg. CATV, 565Mbit/s. This
allows 16x70Mbit/s or 8xl40Mbit/s     HDTV etc. The smaller number of
wavelengths channels to be broadcast per extra wavelength,  so   would
limit penetration to 40% but as the number over that sector of the network.
At this bitrate the  of wavelengths approached 32, 100% penetration optical
split could be limited to 32 ways compared  could be achieved. with say 128
for the telephony optical split How-     Rather than simply dedicating the
wavelengths ever the addition of only one or two extra optical  to
individual customers there is also at this stage wavelengths could provide
a CATV service de-  55  the opportunity of using tunable optical filters at
the livering 16 to 32 channels on the basic optical    customers' premises
as a broadband switching telephony network. This would require very few
stage. This could significantly simplify the ex- additional optical
components - i.e. broadband op-  change switching of disparate broadband
services 16   
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broadcast and dedicated services         said second sections (50) with a
second pre- from multiple sources could be multiplexed onto
determined binary sequence, and the inverting different optical wavelengths
and be selected by         means (98) is arranged to invert successive the
customer equipment).                                 nth bits of only said
first sections (52B). For each of the technology stages described    5 the
number of wavelengths that are possible de-      3. A central station as
claimed in Claim 2 wherein pends critically on the tolerancing and
stability of     the scrambling means (68, 69) comprises a the lasers,
filters and the useable bandwidth of the     first scrambler (68) arranged
to scramble the fibre and couplers. Low cost narrowband services
contents of said first portions (52A) and said such as telephony and ISDN
may necessarily op-   10      first sections (52B) of the frames in accor-
erate without temperature stabilisation in custom-       dance with the
first predetermined binary se- ers' terminals  which  could  mean
significant          quence, and a second scrambler (69) arranged
wavelength drifting of the customers' lasers. Hence      to scramble the
contents of said second sec- if schemes such as those shown in Figure 2 to
7          tions (50) of the frames in accordance with the are used, large
channel spacings would be neces-   15    second predetermined binary
sequence. sary for services in the customer to exchange direction of
transmission. Closer spacing would be    4. A central station as claimed in
Claim 3 wherein possible in the exchange to customer direction by
the first and second scramblers (68, 69) of the using temperature
controlled sources at the ex-          scrambling means share a single
predeter- change and tunable filters within the customers'  20     mined
binary sequence generator (90, 92, 94, equipment to eliminate filter centre
wavelength          96) and utilise respective taps of a shift regis-
tolerances.                                              ter (90) of the
generator. Claims                                               5. A
central station as claimed in any one of the 25       preceding claims
wherein n is sixteen. 1. A central station (4) for a digital communica-
tions network, arranged to transmit data to       6. An outstation (8) for
a digital communications outstations (8) in the form  of a stream  of
network, arranged to receive frames from a frames, each in the form of a
first portion (52A)     central station as claimed in Claim 1, the out-
containing a synchronisation signal in the form   30  station  being
characterised by binary se- of a predetermined pattern of bits at least n
quence descrambling means (72, 74) for de- bits in length, and a second
portion (50, 52B),      scrambling the frames, the binary sequence
characterised in that the central station com-       descrambling means
(72, 74) being arranged prises a binary sequence scrambling means
to descramble the first portions (52A) and at (68, 69) for scrambling the
frames, the binary   35  least part of the second portions (50, 52B)
sequence scrambling means (68, 69) being              adjacent to the first
portions with the same arranged such that the first portions (52A) and
predetermined scrambling binary sequence, by at least part of the second
portions (50, 52B)        means (73) for identifying the synchronisation
adjacent to the first portions (52A) are scram-       signal in the output
of the descrambling bled with the same predetermined binary se-   40
means, and by means (75) arranged to correct quence, and by means (98) for
inverting suc-         the inverted nth bits of the descrambled said at
cessive nth bits in said at least part of the         least part of the
scrambled second portions second portions (50, 52B), but not inverting
thereby to reconstitute the original form of said successive nth bits in
the scrambled first por-      at least part of the scrambled second
portions. tions (52A), thereby preventing false recogni-  45 tion of
synchronisation due to an identical pat-  7. An outstation as claimed in
Claim 6 and ar- tem of bits in said at least part of the second
ranged to receive frames from a central station portions (50, 52B).
(4) as claimed in Claim 2, characterised in that the descrambling means
comprises a first de- 2. A central station as claimed in Claim 1 wherein
so   scrambler (72) for descrambling the contents each second portion (50,
52B) comprises a            of said first portions and said first sections
of -    first section (52B) containing housekeeping          the frames in
accordance with said first pre- data for the outstations, and a second
section       determined binary sequence, and a second (50) containing
message data for the outsta-         descrambler (74) for descrambling the
con- tions, the scrambling means (68, 69) is ar-  55      tents of said
second sections of the frames in ranged to scramble said first portions
(52A)         accordance with said second predetermined and said first
sections (52B) with a first pre-       binary sequence, and by means (77)
respon- determined binary sequence and to scramble           sive to the
synchronisation signals in the 17    
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broadcast and dedicated services        said second sections (50) with a
second pre- from multiple sources could be multiplexed onto
determined binary sequence, and the inverting different optical wavelengths
and be selected by        means (98) is arranged to invert successive the
customer equipment).                                nth bits of only said
first sections (52B). For each of the technology stages described    5 the
number of wavelengths that are possible de-     3. A central station as
claimed in Claim 2 wherein pends critically on the tolerancing and
stability of     the scrambling means (68, 69) comprises a the lasers,
filters and the useable bandwidth of the    first scrambler (68) arranged
to scramble the fibre and couplers. Low cost narrowband services
contents of said first portions (52A) and said such as telephony and ISDN
may necessarily op-   10     first sections (52B) of the frames in accor-
erate without temperature stabilisation in custom-      dance with the
first predetermined binary se- ers' terminals  which  could  mean
significant         quence, and a second scrambler (69) arranged wavelength
drifting of the customers' lasers. Hence     to scramble the contents of
said second sec- if schemes such as those shown in Figure 2 to 7
tions (50) of the frames in accordance with the are used, large channel
spacings would be neces-   15   second predetermined binary sequence. sary
for services in the customer to exchange direction of transmission. Closer
spacing would be  4. A central station as claimed in Claim 3 wherein
possible in the exchange to customer direction by      the first and second
scramblers (68, 69) of the using temperature controlled sources at the ex-
scrambling means share a single predeter- change and tunable filters within
the customers'  20      mined binary sequence generator (90, 92, 94,
equipment to eliminate filter centre wavelength         96) and utilise
respective taps of a shift regis- tolerances.
ter (90) of the generator. Claims
5. A central station as claimed in any one of the 25      preceding claims
wherein n is sixteen. 1. A central station (4) for a digital communica-
tions network, arranged to transmit data to      6. An outstation (8) for a
digital communications outstations (8) in the form of a stream  of
network, arranged to receive frames from a frames, each in the form of a
first portion (52A)   central station as claimed in Claim 1, the out-
containing a synchronisation signal in the form   30  station being
characterised  by binary se- of a predetermined pattern of bits at least n
quence descrambling means (72, 74) for de- bits in length, and a second
portion (50, 52B),     scrambling the frames, the binary sequence
characterised in that the central station com-      descrambling means (72,
74) being arranged prises a binary sequence scrambling means           to
descramble the first portions (52A) and at (68, 69) for scrambling the
frames, the binary   35  least part of the second portions (50, 52B)
sequence scrambling means (68, 69) being            adjacent to the first
portions with the same arranged such that the first portions (52A) and
predetermined scrambling binary sequence, by at least part of the second
portions (50, 52B)      means (73) for identifying the synchronisation
adjacent to the first portions (52A) are scram-     signal in the output of
the descrambling bled with the same predetermined binary se-   40    means,
and by means (75) arranged to correct quence, and by means (98) for
inverting suc-        the inverted nth bits of the descrambled said at
cessive nth bits in said at least part of the       least part of the
scrambled second portions second portions (50, 52B), but not inverting
thereby to reconstitute the original form of said successive nth bits in
the scrambled first por-     at least part of the scrambled second
portions. tions (52A), thereby preventing false recogni-  45 tion of
synchronisation due to an identical pat-  7. An outstation as claimed in
Claim 6 and ar- tern of bits in said at least part of the second    ranged
to receive frames from a central station portions (50, 52B).
(4) as claimed in Claim 2, characterised in that the descrambling means
comprises a first de- 2. A central station as claimed in Claim 1 wherein
50  scrambler (72) for descrambling the contents each second portion (50,
52B) comprises a           of said first portions and said first sections
of first section (52B) containing housekeeping         the frames in
accordance with said first pre- data for the outstations, and a second
section      determined binary sequence, and a second (50) containing
message data for the outsta-        descrambler (74) for descrambling the
con- tions, the scrambling means (68, 69) is ar-  55     tents of said
second sections of the frames in ranged to scramble said first portions
(52A)        accordance with said second predetermined and said first
sections (52B) with a first pre-     binary sequence, and by means (77)
respon- determined binary sequence and to scramble          sive to the
synchronisation signals in the 17    33                EP 0 318 331 B1
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frames to control the descrambling means           zu den ersten
Abschnitten (52A) verwUrfelt such as to select the first predetermined
binary   werden mit der gleichen vorbestimmten binl- sequence at the start
of said first sections and   ren Folge, und durch eine Einrichtung (98) to
select the second predetermined binary se-      zurn Invertieren
aufeinanderfolgender n-ter Bits quence at the start of said second
sections.  5    in dem zumindesten Tell der zweiten Abschnit- te (50, 52B),
aber zum Nichtinvertieren aufein- k.j 8. An outstation as claimed in Claim
7, wherein        anderfolgender n-ter Bits in den verwOrfelten said first
and said second descramblers (72,       ersten Abschnitten (52A), dadurch
eine falsche 74) share a single binary sequence generator       Erkennung
von Synchronisation aufgrund eines and utilise respective taps of a shift
register  10  identischen Bitmusters in dem  zumindesten (90' ) of the
generator and there is provided      Teil der zweiten Abschnitte (50, 52B)
vermei- means (75) for correcting the error extension of   dend. the first
descrambler during descrambling of said first sections.
2. Zentrale Station gemaB Anspruch 1, worin je- 15      der zweite
Abschnitt (50, 52B) eine erste Sek- 9. An outstation as claimed in Claim 7
or Claim 8,    tion (52B) aufweist, die Oberwachungsdaten fOr wherein the
descrambling means further com-        die Aufenstellen enthalt, und eine
zweite Sek- prises a self-synchronising descrambler (71)      tion (50),
die Nachrichtendaten ftr die AuBen- coupled to said identifying means (73)
and         stellen enthalt, wobei die verwtrfelnden Ein- tv    arranged to
descramble the frame in accor-  20      richtungen (68, 69) angeordnet
sind, um die dance with said first predetermined binary se-     ersten
Abschnitte (52A) und die ersten Sektio- quence.
nen (52B) mit einer ersten vorbestimmten bi- niren Folge zu verwOrfeln, und
um die zweiten 10. A digital communications network comprising a
Sektionen (50) mit einer zweiten vorbestimm- central station (4), a
plurality of outstations (8)  25  ten Folge zu verwOrfeln, und wobei die
inver- and a transmission medium in the form of a         tierende
Einrichtung (98) angeordnet ist, um branch arrangement (2) between the
central         aufeinanderfolgende n-te Bit von nur ersten station and the
outstations which carries in use   Sektionen (52B) zu invertieren.
multiplexed signals for the outstations in the form of a stream of
broadcast frames each   30    Zentrale Station gemaB Anspruch 2, worin die
including a synchronisation signal, said net-      verwarfeinden
Einrichtungen (68, 69) einen er- work being adapted for return signals from
the     sten VerwUrfler (68) aufweisen, der angeordnet outstations to be
multiplexed passively in a       ist, urn die Inhalte der ersten Abschnitte
(52A) stream of return frames onto said transmission     und der ersten
Sektionen (52B) des Rahmens medium  (2), or onto a similar transmission
35  in Oibereinstimmung mit der ersten vorbe- medium (2') specifically for
said return signals;  stimmten binaren Folge zu verwOrfein, und ei-
characterised in that the central station (4) is   nen zweiten VerwUrfler
(69), der angeordnet as claimed in Claim 1, and that each outstation
ist, um die Inhalte der zweiten Sektionen (50) (8) is as claimed in Claim
6.                      der Rahmen in Obereinstimmung mit der zwei- 40
ten vorbestimmten bingren Folge zu verwUr- Patentanspruche
feln. 1. Zentrale Station (4) far ein digitales Kommuni-  4. Zentrale
Station gemAB Anspruch 3, worin die kationsnetzwerk, das angeordnet ist, um
Daten      ersten und zweiten VerwUrfler (68, 69) der ver- zu Aufenstellen
(8) in der Form eines Stromes   45  wOrfelnden Einrichtung gemeinsam einen
ein- von Rahmen zu Obertragen, von denen jeder in       zelnen Erzeuger
(90, 92, 94, 96) einer vorbe- der Form eines ersten Abschnittes (52A), der
stimmten binaren Folge benutzen, und jeweili- ein Synchronisationssignal in
der Form eines       ge Anzapfungen eines Schieberegisters (90)
vorbestimmten Bitmusters von zumindest n Bit       des Erzeugers benutzen.
in der Lange enthalt, und eines zweiten Ab-  50 schnittes (50, 52B) ist,
dadurch gekennzeich-  5. Zentrale Station gemAG einem der vorherge- net,
daB die zentrale Station eine VerwUrfe-       henden AnsprUche, worin n 16
ist. lungseinrichtung (68, 69) fOr eine binare Folge aufweist zum
VerwUrfeln der Rahmen, wobel      6. AuBenstelle (8) far ein digitales
Kommunika- die VerwUrfelungseinrichtungen (68, 69) fOr  55
tionsnetzwerk, die angeordnet ist, um Rahmen eine binare Folge angeordnet
sind, so daB die      von einer zentralen Station gemaB Anspruch 1 ersten
Abschnitte (52A) und zumindest ein Teil     zu empfangen, wobei die
AuSenstelle gakenn- der zweiten Abschnitte (50, 52B) benachbart
zeichnet ist durch entwOrfelnde Einrichtungen 18
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(72, 74) fUr eine binare Folge zum Entw~rfeln  10. Digitales
Kommunikationsnetzwerk, das eine 



der Rahmen, wobei die entwtrfelnden Einrich-       zentrale Station (4),
eine Vielzahl von AuBen- tungen (72, 74) fUr eine binare Folge angeord-
stellen (8) und ein Obertragungsmedium in der net sind, um die ersten
Abschnitte (52A) und       Form einer Verzweigungsanordnung (2) zwi-
zumindest ein Tell der zweiten Abschnitte (50,   5  schen der zentralen
Station und den AuBen- 52B), die benachbart zu den ersten Abschnit-
stellen aufweist, das bei Benutzung gemulti- ten sind, zu entwtrfeln mit
der gleichen vorbe-    plexte Signale fUr die AuBenstellen in der Form
stirnmten verwOrfelnden binaren Folge, durch       eines Strornes von
Obertragungsrahmen tragt, eine Einrichtung (73) zum Identifizieren des
von denen jeder ein Synchronisationssignal Synchronisationssignales in der
Ausgabe der  l0    umfagt, wobei das Netzwerk angepaSt ist, da-
entwUrfelnden Einrichtung, und durch eine Emn-     mit RUcklaufsignale von
den AuBenstellen pas- richtung (75), die angeordnet ist, um die inver-
siv in einen Strom von R~cklaufrahmen auf tierten n-ten Bits des
entwUrfelten zumindesten    dem  Obertragungsmedium  (2) gemultiplext
Teiles der verwUrfelten zweiten Abschnitte zu      werden, oder auf ein
ahnliches Obertragungs- korrigieren, um  dadurch die ursprdngliche   15
medium (2') speziell fUr die RUcklautsignale, Form des zumindesten Teiles
der verwflrfelten      dadurch gekennzeichnet, daB die zentrale Sta-
zweiten Abschnitte zu rekonstruieren.              tion (4) gemaB Anspruch
1 ist und dadurch, daB jede AuBenstelle (8) ist, wie in Anspruch 6 7.
AuBenstelle gemaB Anspruch 6 und angeord-           beansprucht. net, um
Rahmen von einer zentralen Station (4)  20 gemaB Anspruch 2 zu empfangen,
dadurch         Revendications gekennzeichnet, daB die entwarfelnde
Einrich- tung einen ersten Entwtrfler (72) zum EntwUr-  1. Une station
centrale (4) de rdseau num~rique fein der Inhalte der ersten Abschnitte und
der     de communications, agencee pour transmettre ersten Sektionen der
Rahmen in Obereinstim-   25   des donn6es a des stations satellites (8)
sous mung mit der ersten vorbestimmten binaren          la forme d'un train
de blocs, chacun sous la Folge aufweist, und einen zweiten Entwlrfler
forme d'une premibre partie (52A) contenant (74) zum EntwUrfeln der Inhalte
der zweiten        un signal de synchronisation sous la forme Sektionen der
Rahmen in OJbereinstimmung           d'une configuration  pred6terminee de
bits mit der zweiten vorbestimmten binaren Folge,  30   d'une longueur d'au
moins n bits, et une und durch elne Einrichtung (77), die auf die
deuxieme partie (50, 52B) caracterisee en ce Synchronisationssignale in den
Rahmen ant-         que la station centrale comprend un moyen wortet, um
die entw(Irfelnde Einrichtung so zu     brouilleur (68, 69) a s6quence
binaire pour steuem, um die erste vorbestimmte binare Fol-      brouiller
les blocs, le moyen brouilleur (68, 69) ge zu Beginn der ersten Sektionen
auszuwih-  35    a sequence binaire 4tant agence d'une mani&- len, und um
die zweite vorbestimmte binire         re telle que les premibres parties
(52A) et au Folge zu Beginn der zweiten Sektionen auszu-       moins un
premier l6rment des deuxiemes par- wahlen.
ties (50, 52B) voisin des premieres parties (52A) sont brouilldes selon la
merme sequence &  AuBenstelle gemaB Anspruch 7, worin die er-  40
binaire prddeterminde, et par un moyen (98) sten und zweiten EntwUrfler
(72, 74) gemein-       qui inverse le n-ibme bit dans chacun desdits sam
einen einzelnen Erzeuger einer biniren         premiers 6lements des
deuxibmes parties (50, Folge benutzen und jeweilige Anzapfungen ei-
52B), mais qui n'inverse pas le n-ibme bit qui nes Schieberegisters (90')
des Erzeugers be-       suit dans chacune des premibres parties nutzen, und
eine Einrichtung (75) bereitgestellt  45  brouilldes (52A), en emp~chant
ainsi une re- ist zum Korrigieren der Fehlerausweitung des
connaissance erronee, d'une synchronisation, ersten EntwOrflers wahrend dem
EntwOrfeln         qui serait provoquee par une configuration der ersten
Sektionen.                              identique de bits dans ledit
premier el6ment au moins des deuxibmes parties (50, 52B). 9. AuBenstelle
gemrAG Anspruch 7 oder Anspruch   50 8, worin die entwUrfelnde Einrichtung
weiter   2. Une station centrale selon la revendication 1 einen
selbstsynchronisierenden EntwUrfler (71)     dans laquelle chaque deuxibme
partie (50, aufweist, der zu der identifizierenden Einrich-    52B)
comprend une premibre section (52B) tung (73) gekoppelt ist, und der
angeordnet ist,   contenant une donn6e d'apurement pour les um den Rahmen
in Obereinstimmung mit der  55       stations satellites, et une deuxibme
section ersten vorbestimmten binaren Folge zu ent-         (50) contenant
une donnee de message pour wUrfeln.
les stations satellites, le moyen brouilleur (68, 69) est agence pour
brouiller lesdites premib- 19    37                 EP 0 318 331 B1
38 res parties (52A) et lesdites premieres sections    pour debrouiller le
contenu desdites premieres 



(52B) a l'aide d'une premibre sequence binaire      parties et desdites
premibres sections des pr6d6termin6e  et pour  brouiller  lesdites
blocs selon ladite premiere sequence binaire deuxibmes sections (50) au
moyen d'une              pr6determinee, et un deuxibme debrouilleur
deuxibme s~quence binaire predeterminee, et   5     (74) pour debrouiller
le contenu desdites le moyen dOinversion (98) est agenc6 pour
deuxibmes sections des blocs selon ladite n'inverser le n-ibme bit qui suit
que dans lesdi-   deuxibme sequence binaire predeterminee, et tes premieres
sections (52B).                       par un moyen (77) sensible aux
signaux de synchronisation des blocs pour commander le 3. Une station
centrale selon la revendication 2.  10   moyen debrouilleur de manibre a
choisir la dans laquelle le moyen brouilleur (68, 69) com-    premibre
sequence binaire pr6determinee au prend un premier brouilleur (68) agence
pour        debut desdites premieres sections et a choisir brouiller le
contenu desdites premieres parties     la deuxieme sequence binaire
predetermin~e (52A) et desdites premieres sections (52B) des      au debut
desdites deuxiemes sections. blocs selon la premibre sequence binaire pre-
15 d6termin6e, et un deuxibme brouilleur (69)       8.  Une station
satellite selon la revendication 7, agence pour brouiller le contenu
desdites           dans laquelle lesdits premier et deuxibme de- deuxiemes
sections (50) des blocs selon ladite      brouilleurs (72, 74) partagent un
g6nerateur deuxibme sequence binaire predeterminee.            unique de
s~quence binaire et utilisent des 20      prises respectives d'un registre
a decalage 4. Une station centrale selon la revendication 3        (90') du
g6nerateur et il est pr6vu un moyen dans laquelle les premier et le
deuxibme            (75) de correction de l'extension d'erreur du
brouilleurs (68, 69) du moyen brouilleur parta-     premier d6brouilleur
pendant le debrouillage gent un generateur unique (90, 92, 94, 96) de
desdites premieres sections. sequence binaire pred6terminee et utilisent
25 des prises respectives d'un registre & decala-   9. Une station
satellite selon la revendication 7 ou ge (90) du gendrateur.
Ia revendication 8, dans laquelle le moyen ddbrouilleur comprend en outre
un debrouilleur 5. Une station centrale selon l'une quelconque
(71) a synchronisation autonome couple audit des revendications precedentes
dans laquelle  30    moyen d'identification (73) et agence pour de- la
valeur de n est seize.                           brouiller le bloc selon
ladite premibre sequen- ce binaire predeterminee. 6. Une station satellite
(8) de reseau numerique de communications agencee pour recevoir des
10. Un reseau  numerique de communications blocs d'une station centrale
selon la revendica-  35  comprenant une station centrale (4), une s6rie
tion 1, la station satellite etant caract~ris6e par  de stations satellites
(8) et, entre la station un moyen debrouilleur (72, 74) a sequence
centrale et les stations satellites, une transmis- binaire pour debrouiller
les blocs, le moyen        sion sous forme d'un agencement (2) de bran- ~s'
debrouilleur (72, 74) a sequence binaire etant       chement qui porte en
utilisation des signaux agence pour debrouiller les premieres parties   40
multiplexes destines aux stations satellites (52A) et ledit premier 6l6ment
au moins des         sous forme d'un train de blocs emis incluant deuxibmes
parties (50, 52B) voisin desdites         chacun un signal de
synchronisation, ledit re- premieres parties a l'aide de la m8me s6quen-
seau etant adapte de manibre que des signaux ce binaire predeterminee de
brouillage, par un      de retour provenant des stations satellites moyen
(73) d'identification du signal de synch-   45  soient multiplexes de fagon
passive dans un ronisation dans la sortie du moyen d~brouil-        train
de blocs de retour sur ledit milieu de leur, et par un moyen (75) agence de
manibre        transmission (2), ou sur un milieu de transmis- & corriger
le n-ibme bit inverse dudit premier      sion semblable (2') specifiquement
prevu pour dldment au moins debrouille des deuxiemes           lesdits
signaux de retour; caract6risd en ce parties brouillees afin de
reconstituer ainsi la  50  que la station centrale (4) est conforme a la
forme d'origine dudit premier element au            revendication 1 et que
chaque station satellite moins desdites deuxibmes parties brouill6es.
(8) est conforme A la revendication 6. 7. Une station satellite selon la
revendication 6 et agencee pour recevoir des blocs provenant  55 d'une
station centrale (4) selon la revendication 2, caracterisee en ce que le
moyen debrouil- leur comprend un premier debrouilleur (72) 20 *   C   L   M
S   *    


