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SIGNAL DISTRIBUTION

The present invention relates to the distribution of
signals on a network and in particular to the
distribution of AM (amplitude modulated) television
signals.

Conventionally, television has _been broadcast as AM
signals with different channels modulated onto
sub-carriers at different frequencies. Existing cable
television services using copper coaxial cable have
adopted corresponding analogue AM techniques to provide
channels in a region of the same UHF spectrum used for
broadcast television.

It is now proposed to use cable networks such as .
fibre optic networks for the distribution of television
signals. The wide bandwidth offered by such networks
offers- the possibility of upgrading to céfry future
wideband services such as HDTV and the same network may
also be used for services other than television, such as
telephony. However whilst the use of AM techniques is
necessary if the television signals are to be received by
conventionally equipped television sets there are a
number of problems associated with the use economically
of AM technigques on optical networks. In particular the
carrying of AM optical signals requires less splitting in
order to allow a high power budget, and the use of highly
specified linear opto-electronic devices.

According to the present invention, a method of
distributing signals from a head-end station via an
network comprises combining a plurality of AM channels
modulated on sub-carriers at different frequencies to
form a composite analogue signal, treating the composite
analogue signal to reduce the peak-to-mean ratio,
digitising the composite analogue signal, transmitting
resulting digital data onto the network, receiving the
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digital data at a receiver and reconstituting the
composite analogue signal for reception at a termination.
Preferably the network is an optical network and the
receiver is an optical receiver. Preferably the
composite analogue signal is treated by clipping the

signal.
A preferred aspect of the present invention provides
a method of distributing, e.g., television signals which

is particularly well-adapted to use with optical networks
whilst at the same time maintaining compatibility with
conventional analogue television sets. As noted above,
television signals used for terrestrial broadcasting are
modﬁlated onto sub-carriers at different frequencies.
When a composite signal is formed by adding together the
different channels the resulting waveform has a much
higher peak-to-mean ratio than the individual carriers.
It is therefore possible to clip or compress the maxima
and minima before quantising without significantly
degrading the performance. The A/D converter used for
digitising the signal can then operate over a more
restricted input amplitude range and so requires fewer
gquantisation levels to achieve an adequate output video
signal-to-noise ratio.

Preferably the method includes receiving the
digitised-signal at a node remote from the termination
and transmitting the reconstituted signal onwards for
reception at the termination.

The detection of the digital data is adﬁantageously
carried out at a node such as a distribution box or
pedestal near the customer’s premises. The television
signals may then be delivered over conventional coaxial
cable in a standard format, avoiding the need for a
special adapter or other equipment at the customer-end.
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Preferably the composite analogue signal hag a
bandwidfh of one octave or less and is digitised by
sampling at a sampling rate below the Nyquist rate.

Preferably, in'addition to or as an alternative to
clipping the composite analogue signal the method further
comprises compressing the composite analogue signal at
the head-end station and applying-complementary expansion
at the receiver.

Companding may be carried out either in the analogue
or in the digital domain and preferably the compression
function is the cumulative distribution function of the
Gaussian probability distribution function.

According to a further aspect of the present
invention there is provided a system for distributing _
signals compriéing'a head-énd station, one or more
receivers, and a network connecting the head-end station
to the -6r each receiver, the head-end station including
an input stage arranged to receive a composite analogue
signal comprising a plurality of AM channels modulated on
sub-carriers at diffef;nt frequencies, converter means
arranged to treat the composite analogue signal to reduce
the peak-to-mean ratio and to digitise the composite
analogue signal, and transmitter means arranged to
transmit the resulting digital data onto the network, the
receiver including reconstituting means arranged to
reconstitute the composite analogue signal and output
means arranged to output the composite analogue signal
for reception by a termination.

A method and system in accordance with the present
invention will now be described in further detail with
reference to the accompanying drawings, in which:

Figure 1 is a block diagram showing a distribution
system;

Figure 2 is a block diagram showing a signal path in

greater detail;
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Figure 3 is a diagram showing an alternative
arrangement for the multiplexer of Figure 2; and

Figures 4a - 4d are diagrams showing sub-carriers
and a composite signal.

A system for distributing television signals via an
optical fibre network comprises a head-end station 1 and
a number of optical receivers 2 connected to the head-end
station 1 via a fibre network 3. In the present example
the fibre network 3 is a passive optical network using a
star topology but the present invention is equally
applicable to other fibre optic networks using different
topologies.

The head-end station 1 receives at its input a
composite analogue signal which in the present example
covers the spectrum from 470-860 MHz. This input signal
comprises sub-carriers at different frequencies
amplitudé;modulated with different television signals.
These signals are input to an A/D converter 4 which, as
described in further detail below, clips and digitises
the signal. An optical transmitter 5 modulates an
optical signal with the digital data output by the A/D
converter and outputs the signal onto the fibre network
3. The signal passes through different stages of the
fibre network 3, including one or more passive optical
splitters 7 and is received by the optical receivers 2.
For clarit& only two optical receivers 2 are shown in
Figure 1, but in practice many more may be connected to
each network. At the receivers 2 which may, for example,
be positioned in street cabinets, the composite optical
signal is reconstituted from the optical data and output
as an analogue signal via coaxial cables 8 to
conventional television sets 13.

The signal path from the head-end station 1 to the
television set is shown in greater detail in Figure 2.
Data is output from the A/D converter 4 in parallel as
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8-bit words. An 8:1 multiplexer 8 converts the output
from the A/D coan;ter 4 to a serial bit stream. This
bit stream is used to modulate the output from the
optical transmitter 5 using conventional techniques. The
operation of the multiplexer 8 is locked to a 7 GHz clock
generated locally in the head-end station. This clock
signal is divided by eight to provide a lower rate clock
for the A/D converter 4. In transmission over the fibre
network 3 the signal output by the transmitter 5 may be
split up to 49 ways, within the constraints of the power
budget in the present example. At the receiver 2 a 1:8
demultiplexer 12 assembles 8-bit parallel words from the
serial datastream and outputs those 8-bit words to a D/A
converter 9. The output from the D/A converter 9 passes
through a band pass filter 710 and via an _output amplifier
stage 11 to up to 20 different television sets 13
connected to the receiver 2 by conventionéi coaxial
cables.

The system may be used to distribute signals to
so-called "cable ready" sets. Such sets typically have a
VHF baseband input up to 450 MHz. For such systems use
can be made of aliasing channels present in the lower
frequency range. These are channels at frequencies below
those of the original components of the composite
analogue signal which are generated as a result of
sampling below the Nyquist rate. 1In this case the
reconstituting filter 10 is a low-pass filter rather than
a band-pass filter. The low frequency channels output
from the reconstituting filter are inverted unless the
input to the A/D converter is first inverted.

Figures 4a - 44, show schematically the formation of
the composite analogue signal from three carriers
CqsCpsCg3e The carriers have amplitudes
pl,pz,pj respectively. The mean (rms) level of
each carrier is then pn/(2 2). The different component

carriers add
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together to form the composite signal shown in Figure

4d. It can be shown that the amplitude of the composite
signal, when it comprises n channels, each of amplitude p
is np and its mean level is n(p/2 2). The
peak-to-mean ratio of the composite signal is therefore
far greater than that of the individual sub-carriers. At
the input to the A/D converter relatively severe clipping
may be applied to limit the dynamic range of the signal
prior to quantisation making it possible to minimise the
number of quantisation levels without significant loss in
the quality of the signal. Clipping may be applied using
an appropriate clipping stage before the A/D converter.
Alternatively if that converter has suitable clipping
characteristics clipping may be achieved by overloading
it by a suitable mérgin.

- The composite analogue signal is limited in
bandwidth to less than one octave. Not only does this
serve to reduce second order intermodulation distortion
but it makes possible sampling at a rate below the
Nygquist minimum, that is twice the frequency of the
maximum frequency component of the signal. Sampling
below the Nyquist rate causes aliasing distortion. When
however the signal is confined to less than one octave
and sampled at a rate only slightly greater than the
maximum ffequency component the aliasing distortion falls
in the unused frequency band below the signal octave
band. The aliasing distortion therefore does not
compromise the performance of the system and the bit rate
of the system is only one half that needed for full
Nyquist sampling. As noted above, when generating
signals for cable-ready VHF TV sets the production of low
frequency aliasing channels may be used to shift the
received channels into the desired frequency range.

The A/D converter 4 defines a number of amplitude

bands and determines which amplitude band matches the
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sample value. Each amplitude band is represented by a

binary word and a byte is output accordlngly
resultant bit rate when these bytes are converted to a

serial stream by the 8:1 multiplexer 8,

The -

is the product of

the sampling rate and the number of digits in a byte.
Clipping minimises the number of quantisation levels
required and so enables a reduction _in the byte size and

bit rate.

Optionally compression may be applied to the signal
before or after it is sampled by the A/D converter 4.
Known A/D converters for video signals use linear
quantising with one output byte representing one

quantisation level.

The present system however by

applying compression-to the composite analogue signal as
it is digitisea reduces the number of possible output
words required for a given output video quality by a
more, giving a further séﬁing in the bit

factor of two or

rate. The preferred compression function is the
cumulative distribution function of the Gaussian

probability distribut{on function (PDF).

If the input

waveform to the compressor has a Gaussian PDF, the output

PDF from the compressor is uniform with output in the
range 0 to 1. This uniform PDF can then be quantised
linearly and each output codeword is then equi-probable.
The cohpressor and matching expander at the receiver may
be realised in hardware using a network of diodes and
resistors, or in software using a look-up table following

a suitable linear A/D converter.
The digital circuits in the head-end station 1 and

the receiver 2 are synchronised using word alignment
example, the least significant bit in

techniques. For
each word may be
as a Barker code
is then detected

identified by a periodic function such
This sequence

by regular bit stealing.

using a suitable sampler,

logic function
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and clock slip circuit. Preferably thé clock operates at
the word rate rather than the serialised bit rate.
In an alternative arrangement shown in Figure 3 two

8: 1 multiplexers are used in parallel at a lower clock
rate of 1.2 GHz. In this case a pair of A/D converters
are used, operating at a clock rate one eighth of that of
the multiplexers.

Although the embodiment discussed above relates to
the diStribution of television signals, the invention, in
its broadest aspects, is applicable to other signals such

as, e.g., audio signals.
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1. A method of distributing signals from a head-end
station via a network comprising combining a plurality of
AM channels modulated on sub-carriers at different
frequencies to form a composite analogue signal, treating
the composite analogue signal to reduce the peak-to-mean
ratio, digitising the composite analogue signal,
transmitting resulting digital data onto the network,
receiving the digital data at a receiver and
reconstituting the composite analogue signal for
reception at a termination.

2. A method according to claim 1, in which the network
is an optical network, the receiver is an optical -
receiver, and the bomposit; analogue signal is treated by
clipping the signal.

3. A method according to claim 1 or 2, iicluding
receiving the digitised signal at a node remote from the
termination, and transmitting the reconstituted signal
onwards for reception at the termination.

4, A method according to claim 2 or 3, in which the
composite analogue signal has a bandwidth of one octave
or less and is digitised by sampling at a sampling rate
below the Nyquist rate.

5: A method according to any one of claims 1 to 4,
including compressing the composite analogue signal at
the head-end station and applying complementary expansion
to the signal at the receiver.

6. A system for distributing signals comprising a
head-end station, one or more receivers, and a network
connecting the head-end station to the or each receiver,
the head-end station including an input stage arranged to
receive a composite analogue signal comprising a
plurality of AM channels modulated on sub-carriers at

different frequencies, converter means arranged to treat
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the composite ;nalogue signal to reduce the peak-to-mean
ratio and to aigitise the composite éﬁéiogue signal, and
transmitter means arranged to transmit the resulting
digital data onto the network, the receiver including
reconstituting means arranged to reconstitute the
composite analogue signal and output means arranged to
output the composite analogue signal for reception by a
termination.

7. A system according.to claim 6, in which the network
is an optical network, the receiver is an optical
receiver, and the converter means are arranged to clip
the composite analogue signal.

8. ° A system according to claim 7, in which the or each
optical receiver is located at a respective node remote
from the termination and is arranged to transmit the
reconstituted signal_onwards for reception at the
termination.

9. A system according to claim 7 or 8, in which the
composite analogue signal has a bandwidth of one octave
or less and the converter means are arranged to sample
the composite analogue signal at a sampling rate below
the Nyquist rate.

10. A system according to any one of claims 6 to 9,
further including compression means located in the
head-end station and expansion means located in the or
each receiver and arranged to apply complementary
compression and expansion to the composite analogue
signals.

9. A method of distributing signals substantially as
described with respect to the accompanying drawings.

10. A system for distributing signals substantially as
described with respect to the accompanying drawings.

11. A method or system according to any one of the
preceding claims, in which the signals distributed from

the head-end station are television signals.
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Signal Distribution

Signals, such as television signals, are distributed
from a head-end station (1) via a fibre network (3). The
signals are amplitude modulated on carriers at different
frequencies, and the different carriers combined to form
a composite analogue signal. In the head-end station (1)
the composite analogue signal is clipped to reduce the
peak~-to-nmean ratio and the clipped composite signal is
digitised. The resulting digital data is transmitted
onto the fibre network and is received at an optical
receiver (2). - The optical receiver (2) reconstitutes the
composite anaiogué signal for reception by a termination.

In one example the composite analogue signal has a
bandwidth of one octave or less, and is dféitised by
sampling at a sampling rate below the Nyquist rate.
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SIGNAL DISTRIBUTION

The present invention relates to the distribution of
signals on a network and in particular to the
distribution of AM (amplitude modulated) television
signals.

Conventionally, television has been broadcast as AM
signals with different channels modulated onto
sub~carriers at different frequencies. Existing cable
television services using copper coaxial cable have
adopted corresponding analogue AM techniques to provide
channels in a region of the same UHF spectrum used for
broadcast television.

It is now proposed to use cable networks such as _
fibre optic networks for the distribution of television
signals. The wide bandwidth offered by such networks
offers- the possibility of upgrading to carry future
wideband services such as HDTV and the same network may
also be used for services other than television, such as
telephony. However whilst the use of AM techniques is
necessary if the television signals are to be received by
conventionally equipped television sets there are a
number of problems associated with the use economically
of AM techniques on optical networks. In particular the
carrying of AM optical signals requires less splitting in
order to allow a high power budget, and the use of highly
specified linear opto-electronic devices.

According to the present invention, a method of
distributing signals from a head-end station via an
network comprises combining a plurality of AM channels
modulated on sub-carriers at different frequencies to
form a composite analogue signal, treating the composite
analogue signal to reduce the peak-to-mean ratio,
digitising the composite analogue signal, transmitting
resulting digital data onto the network, receiving the
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digital data at a receiver and reconstitutiJg—:hag_,
composite analogue signal for reception at a termination.
Preferably the network is an optical network and the

receiver is an optical receiver. Preferably the
composite analogue signal is treated by clipping the
signal.

A preferred aspect of the present invention provides
a method of distributing, e.g., television signals which
is particularly well-adapted to use with optical networks
whilst at the same time maintaining compatibility with
conventional analogue television sets. As noted above,
television signals used for terrestrial broadcasting are
modﬁlated onto sub-carriers at different frequencies.
When a composite signal is formed by adding together the
different channels the resulting waveform has a much
higher peak-to-mean ratio than the individual carriers.
It is therefore possible to clip or compress the maxima
and minima before quantising without significantly
degrading the performance. The A/D converter used for
digitising the signal can then operate over a more
restricted input amplitude range and so requires fewer
quantisation levels to achieve an adequate output video
signal-to-noise ratio.

Preferably the method includes receiving the
digitised_signal at a node remote from the termination
and transmitting the reconstituted signal onwards for
reception at the termination.

The detection of the digital data is adﬁantageously
carried out at a node such as a distribution box or
pedestal near the customer’s premises. The television
signals may then be delivered over conventional coaxial
cable in a standard format, avoiding the need for a
special adapter or other equipment at the customer-end.
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Preferably the composite analogue signei—bas—a-
bandwidfh of one octave or less and is digitised by -
sampling at a sampling rate below the Nyquist rate.

Preferably, in addition to or as an alternative to
clipping the composite analogue signal the method further

comprises compressing the composite analogue signal at
the head-end station and applying-complementary expansion
at the receiver.

Companding may be carried out either in the analogue
or in the digital domain and preferably the compression
function is the cumulative distribution function of the
Gaussian probability distribution function.

According to a further aspect of the present
invention there is provided a system for distributing ._
signals compriéingfa head-énd station, one or more
receivers, and a network connecting the head-end station
to the -Or each receiver, the head-end station including
an input stage arranged to receive a composite analogue
signal comprising a plurality of AM channels modulated on
sub-carriers at different frequencies, converter means
arranged to treat the composite analogue signal to reduce
the peak-to-mean ratio and to digitise the composite
analogue signal, and transmitter means arranged to
transmit the resulting digital data onto the network, the
receiver including reconstituting means arranged to
reconstitute the composite analogue signal and output
means arranged to output the composite analogue signal
for reception by a termination.

A method and system in accordance with the present
invention will now be described in further detail with
reference to the accompanying drawings, in which:

Figure 1 is a block diagram showing a distribution
system; )

Figure 2 is a block diagram showing a signal path in

greater detail;

s Sheet Has Been Replacec




REPLACEMENT SHEET

05 SEP 1996

Figure 3 is a diagram showing an alterJgtive

arrangement for the multiplexer of Figure 2; and

Pigures 4a - 44 are diagrams showing sub-carriers
and a composite signal.

A system for distributing television signals via an
optical fibre network comprises a head-end station 1 and
a number of optical receivers 2 connected to the head-end
station 1 via a fibre network 3. In the present example
the fibre network 3 is a passive optical network using a
star topology but the present invention is equally
applicable to other fibre optic networks using different
topologies.

'The head-end station 1 receives at its input a
composite analogue signal which in the present example
covers the spectrum from 470-860 MHz. This input signal
comprises sub-carriers at different frequencies
amplitudé;modulated with different television signals.
These signals are input to an A/D converter 4 which, as
described in further detail below, clips and digitises
the signal. An optical transmitter 5 modulates an
optical signal with the digital data output by the A/D
converter and outputs the signal onto the fibre network
3. The signal passes through different stages of the
fibre network 3, including one or more passive optical
splitters 7 and is received by the optical receivers 2.
For clarit& only two optical receivers 2 are shown in
Figure 1, but in practice many more may be connected to
each network. At the receivers 2 which may, for example,
be positioned in street cabinets, the composite optical
signal is reconstituted from the optical data and output
as an analogue signal via coaxial cables 8 to
conventional television sets 13.

The signal path from the head-end station 1 to the
television set is shown in greater detail in Figure 2.
Data is output from the A/D converter 4 in parallel as
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8-bit words. An 8:1 multiplexer 8 convédts.the output

from the A/D converter 4 to a serial bit stream. This -
bit stream is used to modulate the output from the
optical transmitter 5 using conventional techniques. The
operation of the multiplexer 8 is locked to a 7 GHz clock
generated locally in the head-end station. This clock
signal is divided by eight to provide a lower rate clock
for the A/D converter 4. In transmission over the fibre
network 3 the signal output by the transmitter 5 may be
split up to 49 ways, within the constraints of the power
budget in the present example. At the receiver 2 a 1:8
demultiplexer 12 assembles 8-bit parallel words from the
serial datastream and outputs those 8-bit words to a D/A
converter 9. The output from the D/A converter 9 passes
through a band“pass filter 10 and via an _output amplifier
stage 11 to up to 20 different television sets 13
connected to the receiver 2 by conventionéi coaxial
cables.

The system may bq_used to distribute signals to
so-called "cable ready" sets. Such sets typically have a
VHF baseband input up to 450 MHz. For such systems use
can be made of aliasing channels present in the lower
frequency range. These are channels at frequencies below
those of the original components of the composite
analogue signal which are generated as a result of
sampling below the Nyquist rate. 1In this case the
reconstituting filter 10 is a low-pass filter rather than
a band-pass filter. The low frequency channels output
from the reconstituting filter are inverted unless the
input to the A/D converter is first inverted.

Figures 4a - 44, show schematically the formation of
the composite analogue signal from three carriers
C4,Cy,Cge The carriers have amplitudes
pl,pz,pé respectively. The mean (rms) level of
each carrier is then pn/(z 2). The different component

carriers add

Sheet Has Been Replaced

T




REPLACEMENT SHEET

THIS SHEET HAS BEEN -6 -
REPLACED 05 SEP 199¢

together to form the composite signal sh
4d. It can be shown that the amplitude of the composite
signal, when it coﬁprises n channels, each of amplitude p
is np and its mean level is n(p/2 2). The
peak-to-mean ratio of the composite signal is therefore
far greater than that of the individual sub-carriers. At
the input to the A/D converter relatively severe clipping
may be applied to limit the dynamic range of the signal
prior to quantisation making it possible to minimise the
number of quantisation levels without significant loss in
the quality of the signal. Clipping may be applied using
an appropriate clipping stage before the A/D converter.
Alternatively if that converter has suitable clipping
characteristics clipping may be achieved by overloading
it by a suitable margin.

- The composite analogue signal is limited in
bandwidth to less than one octave. Not only does this
serve to reduce second order intermodulation distortion
but it makes possible sampling at a rate below the
Nyquist minimum, that is twice the frequency of the
maximum frequency component of the signal. Sampling
below the Nyquist rate causes aliasing distortion. When
however the signal is confined to less than one octave
and sampled at a rate only slightly greater than the
maximum ffequendy component the aliasing distortion falls
in the unused frequency band below the signal octave
band. The aliasing distortion therefore does not
compromise the performance of the system and the bit rate
of the system is only one half that needed for full
Nyquist sampling. As noted above, when generating
signals for cable-ready VHF TV sets the production of low
frequency aliasing channels may be used to shift the
received channels into the desired frequency range.

The A/D converter 4 defines a number of amplitude
bands and determines which amplitude band matches the -
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sample value. Each amplitude band is reL:esen:ad,bv a

binary word and a byte is output accordingly. The
resultant bit rate when these bytes are converted to a
serial stream by the 8:1 multiplexer 8, is the product of
the sampling rate and the number of digits in a byte.
Clipping minimises the number of quantisation levels
required and so enables a reduction _in the byte size and
bit rate.

Optionally compression may be applied to the signal
before or after it is sampled by the A/D converter 4.
Known A/D converters for video signals use linear
quantising with one output byte representing one
quantisation level. The present system however by
applying compression-to the composite analogue signal as
it is digitised reduces the number of possible output
words required for a given output video quality by a
factor of two or more, giving a further sgﬁing in the bit
rate. The preferred compression function is the
cumulative distribution function of the Gaussian
probability distributfbn function (PDF). If the input
waveform to the compressor has a Gaussian PDF, the output
PDF from the compressor is uniform with output in the
range 0 to 1. This uniform PDF can then be quantised
linearly and each output codeword is then equi-probable.
The compressor and matching expander at the receiver may
be realised in hardware using a network of diodes and
resistors, or in software using a look-up table following
a suitable linear A/D converter.

The digital circuits in the head-end station 1 and
the receiver 2 are synchronised using word alignment
techniques. For example, the least significant bit in
each word may be identified by a periodic function such
as a Barker code by regular bit stealing. This sequence
is then detected using a suitable sampler, logic function
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and clock slip circuit. Preferably tHe clock operates at
the word rate rather than the serialised bit rate.

In an alternative arrangement shown in Figure 3 two
8: 1 multiplexers are used in parallel at a lower clock
rate of 1.2 GHz. 1In this case a pair of A/D converters
are used, operating at a clock rate one eighth of that of
the multiplexers. '

Although the embodiment discussed above relates to
the distribution of television signals, the invention, in
its broadest aspects, is applicable to other signals such

as, e.qg., audio signals.
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A metnod of distributing signals from a head-end
station via a network comprising combining a plurality of
AM channels modulated on sub-carriers at different
frequencies to form a composite analogue signal, treating
the composite analogue signal to reduce the peak-to-mean
ratio, digitising the composite analogue signal,
transmitting reéulting digital data onto the network,
receiving the digital data at a receiver and
reconstituting the composite analogue signal for
reception at a termination.

2. A method according to claim 1, in which the network
is an optical network, the receiver is an optical -
receiver, and the bomposit; analogue signal is treated by
clipping the signal.

3. A-method according to claim 1 or 2, ihcluding
receiving the digitised signal at a node remote from the
termination, and transmitting the reconstituted signal
onwards for reception at the termination.

4, A method according to claim 2 or 3, in which the
composite analogue signal has a bandwidth of one octave
or less and is digitised by sampling at a sampling rate
below the Nyquist rate.

5: A method according to any one of claims 1 to 4,
including compressing the composite analogue signal at
the head-end station and applying complementary expansion
to the signal at the receiver.

6. A system for distributing signals comprising a
head-end station, one or more receivers, and a network
connecting the head-end station to the or each receiver,
the head-end station including an input stage arranged to
receive a composite analogue signal comprising a
plurality of AM channels modulated on sub-carriers at
different frequencies, converter means arranged to treat
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the composite analogue signal to reduce'tﬁE'ﬁEEETfETHEEH_'
ratio and to digitise the composite analogue signal, and
transmitter means arranged to transmit the resulting
digital data onto the network, the receiver including
reconstituting means arranged to reconstitute the
composite analogue signal and output means arranged to
output the composite analogue signal for reception by a
termination.

7. A .system according to claim 6, in which the network
is an optical network, the receiver is an optical
receiver, and the converter means are arranged to clip
the composite analogue signal.

8. © A system according to claim 7, in which the or each
optical receiver is located at a respective node remote
from the termination and is arranged to transmit the
reconstituted signal_onwérds for reception at the
termination.

9. A system according to claim 7 or 8, in which the
composite analogue signal has a bandwidth of one octave
or less and the converter means are arranged to sample
the composite analogue signal at a sampling rate below
the Nyquist rate.

10. A system according to any one of claims 6 to 9,
further including compression means located in the
head-end station and expansion means located in the or
each receiwver and arranged to apply complementary
compression and expansion to the composite analogue
signals.

9. A method of distributing signals substantially as
described with respect to the accompanying drawings.

10. A system for distributing signals substantially as
described with respect to the accompanying drawings.

11. A method or system according to any one of the
preceding claims, in which the signals distributed from
the head-end station are television signals.
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ABSTRACT

Signal Distribution

Signals, such as television signals, are distributed
from a head~end station (1) via a fibre network (3). The
signals are amplitude modulated on carriers at different
frequencies, and the different carriers combined to form
a composite analogue signal.. In the head-end station (1)
the composite analogue signal is clipped to reduce the
peak-to-mean ratio and the clipped composite signal is
digitised. The reéulting digital data is transmitted
onto the fibre network and is received at an optical
receiver (2). _The optical receiver (2) reconstitutes the
composite anaiogue signal for reception by a termination.

In one example the composite analogue signal has a
bandwidth of one octave or less, and is dféitised by
sampling at a sampling rate below the Nyquist rate.

ot e s ———— b i = 5

Figuzre 1 REPLACEMENT SHEET

05 SEP 1995

L




5 : 2
] ¢ I\ Fig.1. 7} )
ANALOGUE “'{ :
SIGNAL A/D r
N ~d 13/
{
2, 10 M
|\ S
; /
/|/ /A N
, .
4 g 7 (Br
1 / . o Ak
| | Fig.3.
A/DR—81
24 Gb/s 9/ 2
150-300 MHz~— 21 | l_lPower 18 AN 2
i M| /O O’E'l v VAP \ o |2
HA/D 81 ~— o3
0 1N ~~ 3 -
& |2
togy _ HIH—— u
cLocK




Fig 2.

€/¢

INPUT TARGET
9 -
12
A 8 5 | / / L & OR
UHv
/ , | b 20w | ?w
gy Y A/D[ 8:1 E/0]-L1BRE R O/E i B8 31 p/a }—BPF
§10-855 MHz MUX 1km  OVIDER . MUX | \
CLOCK A e sl \
J , .
WORD \
: CABNET woRD 2 \)\(IA\\ |
| DISTRIBUTION
BOINT

7GHz CLOCK IN

e 0
33HS INIW3DV 143y

L




REPLACESAENT SHEET
3/3

[ 05 SEP 199

- Fig4. L

CLIPAING ﬂ ._[\

© T LEVEL

d) I \/W

CLIPPING

LEVEL | U U ”' u



ABSTRACT

Signal Distribution

Signals, such as television signals, are distributed
from a head-end station (1) via a fibre network (3). The
signals are amplitude modulated on carriers at different
frequencies, and the different carriers combined to form
a composite analogue signal.. In the head-end station (1)
the composite analogue signal is clipped to reduce the
peak-to-mean ratio and the clipped composite signal is
digitised. The resulting digital data is transmitted
onto the fibre network and is received at an optical
receiver (2). The optical receiver (2) reconstitutes the
composite anaibgue signal for reception by a termination.

In one example the composite analogue signal has a
bandwidth of one octave or less, and is dféitised by
sampling at a sampling rate below the Nyquist rate.
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SIGNAL DISTRIBUTION

The present invention relates to the distribution

of signals on a network and in particular to the
distribution of AM (amplitude modulated) television
signals.

Conventionally, television has been broadcast as AM
signals with dAifferent channels modulated onto
sub-carriers at different frequencies, Existing cable
television services using copper coaxial cable hhave
adopted corresponding analogue AM technigues to provide
channels in a region of the same UHF spectxum usied for
broadcast television,

It is now proposed to use cable networks such as
fibre optic networks for the distribution of television
signals., The wide bandwidth offered by such networks
offers the possibility of upgrading to carry future
widebhand services such as HDTV and the same network may
also be used for services othdr than television, such as
telephony. However whilst the use of AM technigues is
necessary if the television signals are to be received by
conventionally equipped television sets there are a number
of problems associated with the use economically of
AM techniques on optical networks. In particular the
carrying of AM optical signals requires less splitting in
order to allow a high power budget, and the use of highly
specified linear opto-electronic devices.

According to the present invention, a method of
distributing signals from a head-end station via a
network comprises combining a plurality of AM channels
modulated on sub-carriers at different frequencies to form’
a composite analogue signal, and characterised by treating
the composite analogue signal to reduce the peak-to-mean
ratio, digitising the composite analogue signal,
transmitting resulting digital data onto the neéWork,
receiving the '
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Preferably thé composite analogue signal has

REPLACEMENT SHEgT )

bandwidth of one octave or less and is digitised by
sampling at a sampling rate below the Nyquist rate.
Preferably, in addition to or as an alternative to
clipping the composite analogue signal the method further
comprises compressing the composite analogue signal at the
head-end station and applying complementary expansion at

the receiver,

Companding may be carried out either in the
analogue orx in the digital domain and preferably the
compression function is the cumulative distributfon
function of the Gaussian probability distribution

function.

According to a further aspect of the present
invention there is provided a system for distributing
one or more

signals comprising a head-end station,

receivers, and a network connecting the head-end station
to the or each receiver, and characterised by the head-end
station including an input stage arranged to receive a
composite analogue signal comprising a plurality of AM
channels modulated on sub-caxrrxiers at different
frequencies, converter means arranged to treat the
composite analogue signal to reduce the peak-to-mean ratio
and to digitise the'composite analogue signal, and
transmittex means arranged to transmit the resulting
digital data onto the network, the receiver including
reconstituting means arranged to reconstitute the
composite analogue signal and output means arranged to
output the composite analogue signal for reception by a

texrmination.

A method and system in accordance with the present
invention will now be described in further detail with

reference to the accompanying drawings,

in which:

Figure 1 is a block diagram showing a distribution

system;

Figure 2 is a block diagram showing a signal path

in greater detail;

{This

as Been Replacec

T



THIS SHEET HAS BEEN

REPLAGED
-9 -
llIIllII i ||III | |II| SaTS
1. n meunoa of distributing signals from a head-end

station via a network comprising combining a plurality of
AM channels modulated on sub-carriers at different
frequehcies to form a composite analogue signal, and
characterised by treating the composite analogue signal to
reduce the peak-to-mean ratio, digitising the composite
analogue signal, transmitting resulting digital data onto
the network, receiving the digital data at a receiver and
reconstituting the composite analogue signal for reception
at a termination.

2. A method accoxding to claim i, in which the network
is an optlical network, the receiver is an optical
receivex, and the composite analogue signal is treated by
clipping the signal.

3. A method according to claim 1 or 2, including
receiving the digitised signal at a node remote from the
termination, and transmitting the reconstituted signal
onwards for reception at the termination.

4, A method according to claim 2 or 3, in which the
composite analogue signal has a bandwidth of one octave or
less and is digitised by sampling at a sampling rate below
the Nyquist rate,

5. A method according to any one of claims 1 to 4,
including compressing the composite analogue signal at the
head-end station and applying complementary expansion to
the signal at the receiver,

6. A system f£or distributing signals comprising a
head-end station, one or more receivers, and a nptwork
connecting the head-end station to the or each receiver,
and characterised by the head-end station including an
input stage arranged to receive a composite analpgue
signal comprising a plurality of AM channels modulated on
sub~carriers at different frequencies, converter means
arranged to treat the composite analogue signal to reduce
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the peak~to-mean ratio:and to digitise the compogite—
analogue signal, and transmitter means arranged to
transmit the resulting digital data onto the network, the
recelver including reconstituting means arrxanged. to
reconstitute the composite analogue signal and output
means arranged to output the composite analogue gignal for
reception by a termination.

7. A system according to claim 6, in which the network
is an optical network, the receiver is an optical
recelver, and the converter means are arranged to clip the
composite analogue signal, |

8. A system accoréing to claim 7, in which the or each
optical receiver is located at a respective node: remote
from the termination and is arranged to transmit ‘the
reconstituted signal onwards for reception at thé
termination.

9, A system according to claim 7 or 8, in which the
composite analogue signal has a bandwidth of one octave or
less and the convexrter means are arranged to sample the
composite analogue signal at a sampling rate below the

Nyquist rate,
10. A system according to any one of claims 6.to 9,

further including compression means located in the
head-end station and expansion means located in the or
each receiver and arranged to apply complementary
compression and expansion to the composite analogue

signals.
11, A method of distributing signals substantially as

described with respect to the accompanying drxawings.

12. A system for distributing signals substanﬁially as
described with respect to the accompanying drxawings,

13. A method or system according to any one of the
preceding claims, in which the signals distributpd £rom
the head-end station axe television signals.
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1. A method of distributing signals from a head-end
station (1) via a network (3), the method comprising the
steps of combining a plurality of AM channels modulated on
sub-carriers at different frequencies to form a composite
analogﬁe signal, treating the composite analogue signal to
reduce the peak-to-mean ratio, digitising the composite
analogue signal, transmitting resulting digital data onto
the network, receiving the digital data at a receiver (2)
and reconstituting the composite analogue signal for
reception at a network termination, characterised in that
the composite analogue signal has a bandwidth of one
octave or less and is digitised by sampling at a sampling
rate below the Nyquist rate.

2. A method accoxrding to claim 1, in which the network
is an optical network (3), the receiver (2) is an optical
receiver, and the composite analogue signal is treated by
clipping the signal.

3. A method according to claim 1 or claim 2, including
receiving the digitised signal at a node remote from the
network termination, and transmitting the reconstituted
signal onwards for reception at the network termination.

4, A method according to any one of claims 1 to 3,
including compressing the composite analogue signal at the
head-end station (1), and applying complementary expansion
to the signal at the receiver (2).

5. A system for distributing signals comprising a
head-end station (1), one or more receivers (2), a network
(3) connecting the head-end station to the or each
receiver, the head-end station including an input stage
arranged to receive a composite analogue signal comprising
a plurality of AM channels modulated on sub-carriers at
different frequencies, converter means (4) arranged to
treat the composite analogue signal to reduce the
peak-to-mean ratio and to digitise the composite analogue
signal, and transmitter means (5) arranged to transmit the
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resulting digital data onto the network, the receiver
including reconstituting means arrangéd to reconstitute
the composite analogue signal and outpuf means (11)
arranged to output the composite analogue signal for
reception by a network termination, characterised in that
the composite analogue signal has a bandwidth of one
octave or less and the converter means are arranged to
sample the composite analogue signal at a sampling rate
below the Nyquist rate.. '

6. A system according to claim 5, in which the network
is an optical network (3), the receiver (2) is an optical
receiver, and the converter means (4) are arranged to clip
the composite analogue signal. _

7. A system according to claim 6, in which the or each
optical receiver (2) is located at a respective node
remote from the network termination and is arranged to
transmit the reconstituted signal onwards for reception at
the network termination.

8. A system according to any one of claims 5 to 7,
further including compression means located in the
head-end station (1), and expansion means located in the
or each receiver (2) and arranged to apply complementary
compression and expansion to the composite analogue
signals.

9. A method according to any one of claims 1 to 4, in which the signals distributed from
the head-end station (2) are television signals.

10. A system according to any one of claims 5 to 8, in which the signals distributed from
the head-end station (2) are television signals.
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SIGNAL DISTRIBUTION

The present invention relates to the distribution
of signals on a network and in particular to the
distribution of AM (amplitude modulated) television
signals.

.Conventionally, television has been broadcast as AM
signals with different channels modulated onto
sub-carriers at different frequencies. Existing cable
television services using copper coaxial cable have
adopted corresponding analogue AM techniques to provide
channels in a region of the same UHF spectrum used for
broadcast television.

It is now proposed to use cable networks such as
fibre optic networks for the distribution of television
signals. The wide bandwidth offered by such networks
offers the possibility of upgrading to carry future
wideband services such as HDTV and the same network may
also be used for services other than television, such as
telephony. However whilst the use of AM techniques is
necessary if the television signals are to be received by
conventionally equipped television sets there are a number
of problems associated with the use economically of
AM techniques on optical networks. In particular the
carrying of AM optical signals requires less splitting in
order to allow a high power budget, and the use of highly
specified linear opto-electronic devices.

The prior art is exemplified by the Conference
Europeene sur les Communications Optiques, Cannes 21-24
Sept. 1982, E. Roza et al: "TV system with remote
selection for subscriber glass fibre networks", and
Symposium Record, CATV sesssions 16th International TV
Symposium, Montreux, 17-22 June 1989, H.H. Tan et al:
"CATV distribution over a fibre optic local network".

The present invention provides a method of
distributing signals from a head-end station via a
network, the method comprising the steps of combining a
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plurality of AM channels modulated on subjycarriers at

different frequencies to form a composite analogue signal,
treating the composite analogue signal to reduce the
peak-to-mean ratio, digitising the composite analogue
signal, transmitting resulting digital data onto the
network, receiving the digital data at a receiver and
reconstituting the composite analogue signal for reception
at a network termination, characterised in that the
composite analogue signal has a bandwidth of one octave or
less and is digitised by sampling at a sampling rate below
the Nyquist rate.

Preferably, the network is an optical network and
the receiver is an optical receiver. Preferably, the
composite analoéue signal is treated by clipping the
signal.

A preferred aspect of the present invention
provides a method of distributing, e.g., television
signals which is particularly well-adapted to use with
optical networks whilst at the same time maintaining
compatibility with conventional analogue television sets.
As noted above, television signals used for terrestrial
broadcasting are modulated onto sub-carriers at different
frequencies. When a composite signal is formed by adding
together the different channels the resulting waveform has
a much higher peak-to-mean ratio than the individual
carriers. It is therefore possible to clip or compress the
maxima and minima before quantising without significantly
degrading the performance. The A/D converter used for
digitising the signal can then operate over a more
restricted input amplitude range and so requires fewer
guantisation levels to achieve an adequate output video
signal-to~noise ratio.

Preferably the method includes receiving the
digitised signal at a node remote from the termination and
transmitting the reconstituted signal onwards for
reception at the termination.



REPLACEMENT SHEET

3 13 AUG 199

The detection of the digital data advantageously

carried out at a node such as a distributi oF
pedestal near the customer’s premises. The television
signals may then be delivered over conventional coaxial
cable in a standard format, avoiding the need for a
special adapter or other equipment at the customer-end.

'Preferably, in addition to, or as an alternative
to, clipping the composite analogue signal the method
further comprises compressing the composite analogue
signal at the head-end station and applying complementary
expansion at the receiver.

Companding may be carried out either in the
analogue or in the digital domain and preferably the
compression function is the cumulative distribution
function of the Gaussian probability distribution
function.

The invention also provides a system for
distributing signals comprising a head-end station, one or
more receivers, a network connecting the head-end station
to the or each receiver, the head-end station including an
input stage arranged to receive a composite analogue
signal domprising a plurality of AM channels modulated on
sub-carriers at different frequencies, converter means
arranged to treat the composite analogue signal to reduce
the peak-to-mean ratio and to digitise the composite
analogue signal, and transmitter means arranged to
transmit the resulting digital data onto the network, the
receiver including reconstituting means arranged to
reconstitute the composite analogue signal and output
means arranged to output the composite analogue signal for
reception by a network termination, characterised in that
the composite analogue signal has a bandwidth of one
octave or less and the converter means are arranged to
sample the composite analogue signal at a sampling rate
below the Nyquist rate.
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A method and system in accordance with the present
invention will now be described in fiirther detail with
reference to the accompanying drawings, in which:
Figure 1 is a block diagram showing a distribution system;
Figure 2 is a block diagram showing a signal path
in greater detail;
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8-bit words. An 8:1 multiplexer 8 converts. the output
from the A/D converter 4 to a serial bit stream. This
bit stream is used to modulate the output from the

optical transmitter 5 using conventional techniques. The
operation of the multiplexer 8 is locked to a 7 GHz clock
generated locally in the head-end station. This clock
signal is divided by eight to provide a lower rate clock
for the A/D converter 4. In transmission over the fibre
network 3 the signal output by the transmitter 5 may be
split up to 49 ways, within the constraints of the power
budget in the present example. At the receiver 2 a 1:8
demultiplexer 12 assembles 8-bit parallel words from the
serial datastream and outputs those 8-bit words to a D/A
converter 9. The output from the D/A converter 9 passes
through a band pass filter 10 and via an output amplifier
stage 11 to up to 20 different television sets 13
connected to the receiver 2 by conventional coaxial
cables.

The system may be used to distribute signals to
so-called "cable ready" sets. Such sets typically have a
VHF baseband input up to 450 MHz. For such systems use
can be made of aliasing channels present in the lower
frequency range. These are channels at frequencies below
those of the original components of the composite
analogue signal which are generated as a result of
sampling below the Nyquist rate. In this case the
reconstituting filter 10 is a low-pass filter rather than
a band-pass filter. The low frequency channels output
from the reconstituting filter are inverted unless the
input to the A/D converter is first inverted.

Figures 4a - 44, show schematically the formation of
the composite analogue signal from three carriers
Cq.CysCqe The carriers have amplitudes
Pys Py Py respectively. The mean (rms) level of
each carrier is then pn/(zfz). The different component
carriers add
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together to form the composite signal shown in Figﬁre

44. It can be shown that the amplitude of the composite
signal, when it comprises n channels, each of amplitude p
is np and its mean level is J’h(p/Z\rE). The
peak-to-mean ratio of the composite signal is therefore
far greater than that of the individual sub-carriers. At
the input to the A/D converter relatively severe clipping
may be applied to limit the dynamic range of the signal
prior to quantisation making it possible to minimise the
number of quantisation levels without significant loss in
the quality of the signal. Clipping may be applied using
an appropriate clipping stage before the A/D converter.
Alternatively if that converter has suitable clipping
characteristics clipping may be achieved by overloading
it by a suitable margin.

The composite analogue signal is limited in
bandwidth t6 less than one octave. Not only does this
serve to reduce second order intermodulation distortion
but it makes possible sampling at a rate below the
Nyquist minimum, that is twice the frequency of the
maximum frequency component of the signal. Sampling
below the Nyquist rate causes aliasing distortion. When
however the signal is confined to less than one octave
and sampled at a rate only slightly greater than the
maximum frequency component the aliasing distortion falls
in the unused frequency band below the signal octave
band. The aliasing distortion therefore does not
compromise the performance of the system and the bit rate
of the system is only one half that needed for full
Nygquist sampling. As noted above, when generating
signals for cable-ready VHF TV sets the production of low
frequency aliasing channels may be used to shift the
received channels into the desired frequency range.

The A/D converter 4 defines a number of amplitude
bands and determines which amplitude band matches the



