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TRANSMODULATOR WITH DYNAMICALLY
SELECTABLE CHANNELS

RELATED APPLICATION

This application is a continuation-in-part of U.S. patent
application Ser. No. 08/787,336, entitled “Transmodulated
Broadcast Delivery System for use in Multiple Dwelling
Units,” filed Jan. 27, 1997.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates generally to signal distribu-
tion systems and, more particularly, to audio/visual/data
signal distribution systems that distribute satellite signals
typically in conjunction with standard terrestrial and/or
cable signals to a plurality of individual receivers within one
or more multiple dwelling units.

(b) Description of Related Art

Audio/visual/data (A-V) signal distribution systems gen-
erally rely on either a cable network or on free-space
propagation for delivering A-V signals, such as television
signals, to individual users or subscribers. Cable-based A-V
signal distribution systems transmit one or more individual
A-V signals or “channels” over wire, while free-space
propagation systems transmit one or more channels over-
the-air, i.e., in a wireless manner. Most large-scale cable and
wireless signal distribution systems broadcast a broadband
A-V signal having a plurality of individual A-V signals
modulated onto one or more carrier frequencies within a
discernable frequency band.

Some wireless signal distribution systems use one or more
geosynchronous satellites to broadcast a broadband A-V
signal to receiving units within a large geographic area while
other wireless systems are land-based, using one or more
land-based transmitters to broadcast to individual receiver
units within smaller geographic areas or cells. A satellite
A-V signal distribution system generally includes an earth
station that compiles a number of individual A-V programs
into a broadband signal, modulates a carrier frequency band
with the broadband signal and then transmits (uplinks) the
modulated signal to one or more geosynchronous satellites.
The satellites amplify the received signals, shift the signals
to different carrier frequency bands and transmit (downlink)
the frequency shifted signals to earth for reception at indi-
vidual receiving units.

The uplink and downlink broadband signals of analog
satellite systems are usually divided into a plurality of
transponder signals, each typically containing a single ana-
log signal. For example, analog satellite systems operating
in the so-called “C-band,” i.c., between 3.7 GHz and 4.2
GHz, may broadcast a plurality of transponder signals, each
including a single frequency modulated analog T. V. channel.
In current digital satellite systems, each transponder typi-
cally contains a number of individual channels multiplexed
into a single data stream, commonly referred to as a program
multiplex.

Satellite systems may also broadcast a set of transponder
signals at multiple polarizations, for example, at a right-hand
circular polarization (RHCP) and at a left-hand circular
polarization (LHCP), within the band of carrier frequencies
associated with the satellite, effectively doubling the number
of channels broadcast by the system.

Satellite signal distribution systems exist for many fre-
quency bands, including the so-called “Ku-band.” One
known Ku-band direct-to-home satellite system now
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in-operation uses an uplink signal having 16 RHCP tran-
sponder signals and 16 LHCP transponder signals modu-
lated onto frequency bands between about 17.2 GHz, and
about 17.7 GHz. Each of these 32 transponder signals is
program-multiplexed to include digital data packets associ-
ated with e.g. about five to eight or more individual A-V
programs, such as television channels, and is modulated
according to a quaternary phase shift keying (QPSK) modu-
lation scheme. The satellites associated with this system
shift the uplink transponder signals to carrier frequencies
ranging from approximately 12.2 GHz to approximately
12.7 GHz and transmit these frequency-shifted transponder
signals back to earth for reception at each of a plurality of
individual receiver units.

At the individual receiver units, a receiving antenna,
typically comprising a parabolic dish antenna, is pointed in
the general direction of the transmitting satellite (or other
transmitting location) to receive the broadband QPSK
modulated multiplex of A-V signals. Typically, such anten-
nas include a low noise block (LNB) which amplifies, filters
and shifts the incoming signal to an intermediate frequency
band, such as L-band (between about 1.0 GHz and 2.0 GHz).
The representative system, in particular, shifts the satellite
signal to the frequency band between about 950 MHz and
about 1450 MHz.

Typically, only the RHCP transponder signals or the
LHCP transponder signals are mixed down to L-band,
depending on which particular A-V channel a user is view-
ing. However, in systems having a two-channel LNB, both
the RHCP and the LHCP transponder signals may be indi-
vidually shifted down to a 500 MHz portion of L-band (e.g.,
between 950 MHz and 1450 MHz) and provided, via sepa-
rate lines, to a set-top box or other integrated receiver and
detector (IRD) associated with the receiver unit. At the IRD,
an A-V program associated with a particular channel within
one of the program-multiplexed transponder signals is
decoded and provided to a television or other presentation or
processing device for display and/or for processing of trans-
mitted data, audio output, etc. However, because cable lines
are inherently frequency limited, typical cables used at
receiver sites (such as RG-6 and RG-59) are not capable of
simultaneously transmitting all of the received satellite
signals (1000 MHz) along with standard CATV signals to
the IRD.

Furthermore, the receiving antennas or dishes associated
with land-based or satellite-based wireless signal distribu-
tion systems are typically large and cumbersome. For
example, C-band satellite dishes are generally in the range
of four to five feet in diameter and, therefore, require a large
amount of operating space. As a result, it can be difficult, if
not practically impossible, to install a receiving antenna for
each individual unit within a multiple dwelling unit (MDU)),
such as an apartment, condominium or townhome complex.
Reception of a particular satellite signal is made even more
difficult in MDUs when, as is generally the case, some of the
individual dwelling units therein do not have any walls or
outside exposure facing the direction in which the receiving
antenna must be pointed, or these dwelling units are shad-
owed by surrounding buildings or other obstructions.

In the past, these disadvantages have been overcome by
placing one or more receiving antennas on, for example, the
roof of an MDU and then running cable to each of the
individual dwelling units. For example, a system for redis-
tributing a single, off-air signal to multiple buildings in a
small geographic area is disclosed in Japanese Patent Docu-
ment No. 56-47183. However, common L-band multi-user
distribution solutions typically used to support single dish
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antenna systems are fraught with installation and mainte-
nance problems. For example, significant roll-off or degra-
dation of the television signals may occur in cable systems
due to the poor high frequency propagation properties of
standard cable lines especially at and above L-band. Broad-
casting a received broadband A-V signal over an existing
cable network at lower carrier frequencies may prevent the
use of that network for other A-V signals, such as standard
cable, CATV, UHF and VHF television signals, or may
require that the some of the broadband signals or existing
cable signals be eliminated due to the bandwidth restrictions
of the cable network.

One system proposed by the European Telecommunica-
tions Standards Institute (ETSI) in the area of Satellite
Master Antenna Television (SMATV) receives a QPSK
modulated satellite television signal (which may be com-
bined with terrestrial TV signals) and remodulates this signal
according to a 64 quadrature amplitude modulation (64-
QAM) technique. The SMATV system then sends this
remodulated signal out over cable to one or more adjacent
buildings. Likewise, U.S. Pat. No. 5,173,775 discloses a
system that remodulates data portions of a satellite television
signal from one modulation scheme to another, such as from
FM to AM, for retransmission to subscribers. However,
these systems do not specifically demonstrate how to propa-
gate remodulated satellite signals and existing cable or
terrestrial signals on the same cable line or other transmis-
sion channel in an efficient manner or demonstrate how to
remodulate and broadcast a large number of transponder
signals associated with one or more satellites over the same
cable line or other transmission channel to one or more
adjacent buildings.

The above-identified parent application discloses a signal
redistribution system that transmodulates each of, for
example, 32 received satellite transponder signals into a
different modulation scheme and transmits each of these
transmodulated signals, along with standard terrestrial
signals, to each of a set of receivers within an MDU. The
transmodulator disclosed in this application includes a sepa-
rate channel having a satellite signal demodulator coupled to
a signal remodulator for each of the received satellite
transponder signals. As a result, this transmodulator unit
tends to be expensive, especially when used in an MDU
which includes fewer satellite signal receivers or subscribers
than there are channels in the transmodulator unit, i.e., in
MDUs that will never need all of the channels provided by
the transmodulator unit.

SUMMARY OF THE INVENTION

The present invention relates to a low cost system and
method for distributing a set of program multiplexed A-V
signals and, possibly, existing terrestrial signals, to a mul-
tiplicity of receiver units within one or more MDUs using an
MDU cable network or other transmission channel. Accord-
ing to one aspect of the present invention, a receiving
antenna receives a broadband signal from, for example, a
satellite or a land-based transmitter. A transmodulator trans-
modulates selected portions of the broadband signal into a
transmodulated signal having a bandwidth that is smaller
than that of the received broadband signal and transmits this
transmodulated signal, typically along with standard terres-
trial signals, over a communication channel, such as a cable
or a wireless network, to a number of individual receiver
units within an MDU. The receiver units demodulate the
received transmodulated signal and provide user-specified
channels to processing or display units, e.g., video displays,
television sets, audio systems, computers, etc. The receiver
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units also send requests for user-selected channels to the
transmodulator which uses these requests to select Which of
the portions of the broadband signal will be transmodulated.

According to another aspect of the present invention, a
signal distribution system adapted to receive a composite
signal having a multiplicity of transponder signals therein
includes a transmodulator that transmodulates a selected one
of the transponder signals from a first modulation scheme to
a second modulation scheme to produce a transmodulated
signal and a transmitter that transmits the transmodulated
signal over a communication channel to a plurality of
individual receivers. A receiver receives a request signal
from each of the plurality of individual receivers and a
controller selects the selected transponder signal in response
to the request signals.

According to another aspect of the present invention, a
signal distribution system for distributing a composite signal
having a plurality of individual program multiplex signals
therein over a communication channel to a number of
individual receivers includes a main receiver that receives
the composite signal and a multiplicity of transmodulator
channels coupled to the main receiver. Each of the multi-
plicity of transmodulator channels, preferably numbering
less than the number of individual program multiplex
signals, transmodulates a different one of the plurality of
individual program multiplex signals from a first modulation
scheme to a second modulation scheme to produce one of a
multiplicity of transmodulated signals. A combiner com-
bines the multiplicity of transmodulated signals at different
carrier frequency bands to produce a combined signal and a
transmitter transmits the combined signal over the commu-
nication channel to the individual receivers. The signal
distribution system also includes a request receiver that
receives a request signal from each of the individual receiv-
ers and a controller coupled to the request receiver that
controls which of the plurality of individual program mul-
tiplex signals each of the multiplicity of transmodulator
channels is to transmodulate.

Moreover, the signal distribution system generates an
information signal, known as side data, which may include
channel set-up information, frequency index set-up
information, etc. This information signal is used by the
receiver to select a requested signal from the plurality of
individual program multiplex signals.

The signal distribution system may include a second
receiver adapted to receive a terrestrial signal while the
combiner may combine the multiplicity of transmodulated
signals with the terrestrial signal to produce the combined
signal. Furthermore, a reception device coupled to the
communication channel at one of the individual receivers
may include a receiver that receives the combined signal, a
demodulator that demodulates a portion of the received
combined signal and an individual transmitter that transmits
one of the request signals to the transmodulator indicating
one of the plurality of program multiplex signals to be
transmodulated. If desired, the transmodulator channels may
transmodulate between a quadrature phase shift keying
(QPSK) modulation scheme and a quadrature amplitude
modulation (QAM) scheme, such as a 128-QAM scheme.

According to a still further aspect of the present invention,
a method of distributing a subset of a plurality of individual
signals associated with a composite signal to multiple indi-
vidual receivers includes the steps of receiving the compos-
ite signal, receiving a request signal from each of the
individual receivers and choosing the subset of the plurality
of the individual signals to be distributed based on the
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received request signals. Each of the subset of the plurality
of the individual signals is transmodulated from a first
modulation scheme to a second modulation scheme and is
transmitted over a communication channel to the individual
receivers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block and partial-schematic diagram of the
signal distribution system according to the present inven-
tion;

FIG. 2 is a frequency distribution chart illustrating rep-
resentative options for transmitting received signals along
with existing cable and/or off-air signals over a cable net-
work;

FIG. 3 is a block diagram of an embodiment of the
transmodulator of FIG. 1 according to the present invention;

FIG. 4 is a block diagram illustrating the satellite decoder
of the transmodulator of FIG. 3;

FIG. 5 is a data chart illustrating the output of the data
packetizer of FIG. 3;

FIG. 6 is a block diagram illustrating an embodiment of
the cable encoder of the transmodulator of FIG. 3; and

FIG. 7 is a block diagram of an IRD associated with one
of the receiver units of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

By the way of example only, the signal distribution
system of the present invention is described herein as
redistributing a broadband Ku-band satellite signal
(comprising up to 32, QPSK-modulated transponder signals
transmitted from one or more satellites at a carrier frequency
band centered around approximately 12.45 GHz) to receiver
units within an MDU. It is understood however, that the
signal distribution system of the present invention can be
used to redistribute any other type of satellite or land-based
wireless signal. The term program multiplex (PM) signal is
used herein to describe any single or multiplex of purely
visual (such as video), purely audio, or purely data signals
as well as a signal comprising any combination of audio,
visual, data or other signals including, for example, televi-
sion signals, digital data signals, etc.

Referring now to FIG. 1, a signal distribution system 10
according to the present invention is illustrated for use at a
local site having one or more MDUs and/or other buildings
therein. A local site is considered to be any geographic area
of relatively small proportion such as, for example, a
subdivision, a city block, etc., containing one or more
buildings or structures capable of having a plurality of
individual receiving units therein. An MDU may be any type
of multiple dwelling unit including, for example, an
apartment, townhome, or condominium complex, a hotel/
motel, an office building, a recreational or sports facility, a
cluster of single family homes, a multi-use building and/or
any other type of building or structure in which multiple
signal receivers may be located.

The signal distribution system 10 includes a main signal
receiver 14 disposed on, for example, the roof of an MDU
or any other location capable of receiving a signal transmit-
ted by a satellite or other signal source. The signal receiver
14 is preferably in the form of a 24-inch diameter parabolic
dish antenna pointed towards, for example, satellites that
transmit a Ku-band or other broadband, QPSK-modulated
PM composite signal. A two-channel LNB 16 associated
with the dish antenna 14 receives the modulated satellite
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signal reflected from the dish antenna 14. Each of the
channels of the LNB 16 filters either the RHCP or the LHCP
component of the received signal and mixes this filtered
signal down to an intermediate frequency band, for example,
the portion of L-band between 950 MHz and 1450 MHz. The
LNB 16 amplifies and provides the 500 MHz, L-band
signals associated with each of the RHCP and LHCP com-
ponents of the downlink signal to a transmodulator 20 via
lines 22 and 24, respectively. Other methods for providing
the received QPSK input signals to the transmodulator 20
may also be used.

The transmodulator 20 remodulates or transmodulates a
subset of the signals received from the LNB 16 using an
output modulation technique that, preferably, reduces the
bandwidth of the signals received from the LNB 16 from
two 500 MHz bands (i.e., a total of 1000 MHz) to any lower
bandwidth. This reduction in bandwidth may be accom-
plished by utilizing a more aggressive encoding scheme with
appropriate error detection and correction codes and/or by
remodulating less than all of the received transponder sig-
nals associated with the composite signal. The transmodu-
lator 20 then places the transmodulated, reduced-in-
bandwidth signal having less than all of the received
transponder signals on a cable plant or cable network 26
within an MDU for distribution to a number of IRDs 30, 32,
34, 36, 38 and 40 associated with individual receiver units
spread throughout the MDU. The transmodulator 20 may
instead, or in addition, distribute the transmodulated signals
over wire or via any wireless communication channel
(including, for example, microwave and optical systems) to
head-ends at any other MDUs or local sites or portions
thereof. Of course, the transmodulator 20 may also distribute
the transmodulated signals directly to IRDs using any
desired wireless communication channel.

In order to determine which of the received satellite
transponder signals should be transmodulated at any par-
ticular time, the transmodulator 20 receives and decodes
requests for particular channels or satellite signals from each
of the IRDs 30-40 that are active, determines from these
requests which of the set of satellite or transponder signals
to transmodulate and then tunes to and transmodulates only
those selected satellite or transponder signals. The trans-
modulator sends the updated frequency index to the receiver
via side data. If no transponders are available to fulfill the
request, the transmodulator sends an error message to the
receiver indicating that no transponder is available.

The transmodulator 20 may also receive signals from a
cable provider, a local off-air antenna 44, and/or any other
desired signal source such as those that locally generate A-V
channels (e.g., security camera channels, data networks, or
informational channels) using any standard receiving
mechanism such as an antenna, modem or cable connection,
and places these signals on the cable network 26 for distri-
bution to the IRDs 30-40. These other signals, referred to
hereinafter as terrestrial signals, may comprise any cable,
satellite or off-air signal including, for example, standard
CATYV, UHF, VHE, FM radio signals and/or locally gener-
ated signals such as security camera or bulletin board
channels. The terrestrial signals may be summed or added
together in a summing network 46 (which may comprise any
standard signal summer) and provided to the transmodulator
20 via a cable line 48, or may be provided separately to the
transmodulator 20. The transmodulator 20 may pass the
received terrestrial signals to the cable network 26 at the
carrier frequencies at which the terrestrial signals are
received, or the transmodulator 20 may shift some or all of
the terrestrial signals in frequency to use the available
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frequency spectra of the cable network 26 more efficiently.
Where input terrestrial signals are provided in base-band,
suitable RF modulators may be used.

Preferably, the transmodulator 20 transmodulates selected
signals within the two 500 MHz-wide QPSK-modulated
downlink signals into 128-QAM-modulated signals,
wherein each such transmodulated signal is 6 MHz-wide.
The transmodulator 20 may then place each of the trans-
modulated 6 MHz-wide, 128-QAM-modulated signals on
the cable network 26 at any unused or desired carrier
frequency bands while, simultaneously, sending the terres-
trial signals over the cable network 26 at any other desired
carrier frequency bands. Alternatively, the transmodulator
20 may use any other desired modulation technique to
remodulate selected ones of the received satellite signals. In
fact, in some cases in which only a few of the selected
signals are being distributed, the transmodulator may not
need to remodulate the selected signals but may, instead,
send these signals over the cable network 26 at the received
modulation scheme. As noted above, the transmodulator 20
may provide the transmodulated signals and/or the terrestrial
signals to the IRDs 30—40 over any wireless network, if so
desired.

Each of the IRDs 3040 receives the selected ones of the
QAM-modulated, 6 MHz-wide signals along with the ter-
restrial signals from the cable network 26 (or wireless
channel) and demodulates a user-selected one of these
signals. Each of the IRDs 30—40 then provides the demodu-
lated user-selected signal(s) to an output device or processor,
such as a television set (not shown), for display or process-
ing thereby. When a user at one of the IRDs 30-40 requests
to receive a particular satellite signal or transmodulator
signal, the IRD first checks the current channel assignments
to see if the requested signal is available. If so, the IRD
demodulates the requested signal and, if not, the IRD sends
a request to the transmodulator 20 to tune to, transmodulate
and transmit the requested signal over the cable network 26.
This request may be sent via the cable network 26, via a
different wire network provided in the MDU, via any desired
wireless network or via any other communication channel.
If desired, the request signal may be sent to the transmodu-
lator using the well known Multi-Media Cable Network
System (MCNS) protocol, which provides communication
over the same cable as the video signals. The MCNS
protocol typically utilizes the range from 5 to 42 MHz and
enables multiple receivers to communicate to the same
transmodulator.

Referring now to FIG. 2, representative methods of com-
bining the transmodulated transponder signals along with
terrestrial signals on the cable network 26 are illustrated.
The left-most column of FIG. 2 illustrates a previously
known method of placing QPSK-modulated signals along
with terrestrial signals on a cable network. According to this
scheme, all existing terrestrial signals (including cable TV
signals) are distributed at, for example, VHF and UHF
carrier frequencies below 950 MHz while one of the 500
MHz-wide QPSK-modulated signals (associated with either
the LHCP or the RHCP component of the satellite signal) is
placed directly on the cable network at the unused band
between about 950 MHz and 1450 MHz. A major problem
with this configuration is that only the RHCP or the LHCP
transponder signals can be placed on a 1450 MHz capable
cable network at any given time which, in turn, prevents
IRDs within an MDU from decoding or receiving channels
associated with the other of the LHCP or the RHCP tran-
sponder signals. While this problem can be overcome by
running two cable lines throughout an MDU or by utilizing
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a high frequency cable plant capable of approximately 2
GHz or greater bandwidth, these solutions require additional
equipment and expense and are not adaptable to most
existing cable plants now in use. Furthermore, the signals
provided at the 950 MHz to 1450 MHz band can be severely
degraded by the cable plant due to the poor high frequency
propagation properties of many existing cable plants, espe-
cially older cable plants.

The three right-most columns of FIG. 2 illustrate methods
of combining selected ones of the 32, 6 MHz-wide, 128-
QAM-modulated signals with existing terrestrial signals on
the cable network 26. The second left-most column of FIG.
2 illustrates a configuration in which the transmodulator 20
places one or more of the 32, 6 MHz-wide, 128-QAM-
modulated signals within a band between about 804 MHz
and 996 MHz directly above the common CATV channels.
This configuration can be used with higher grade cable
networks that propagate signals at up to 1000 MHz without
significant degradation.

The third left-most column of FIG. 2 illustrates a con-
figuration in which the transmodulator 20 places one or
more of the 32, 6 MHz-wide, 128-QAM-modulated signals
at a frequency band between approximately 222 MHz and
414 MHz between the CATV or other signals at the VHF and
UHF bands. In this case, the transmodulator 20 may need to
select which terrestrial (e.g., CATV) signals should be
placed in the available portions of the UHF band above
about 450 MHz and in the available portions of the VHF
band below about 200 MHz and may need to shift some or
all of the chosen terrestrial signals to those bands before
placing the transmodulated signals on the cable network 26.
This frequency distribution technique is useful in lower
quality cable systems that propagate signals at frequencies
up to about 550 or perhaps 750 MHz without significant
degradation.

The right-most column of FIG. 2 illustrates a configura-
tion in which the transmodulator 20 places groups of
selected ones of the 32, 6 MHz-wide, 128-QAM-modulated
signals at any number of different spaced-apart frequency
bands within the available cable network spectra. In
particular, the transmodulator 20 may provide any number.
(less than, for example, 32) of the 6 MHz-wide transmodu-
lated signals at any of the unused carrier frequency bands
between 60-66 MHz, 82-88 MHz, 180-186 MHz, 192-198
MHz, 204-210 MHz, 470-554 MHz, and 560-704 MHz, as
generally illustrated in FIG. 2, while sending terrestrial
signals at bands between 54—60 MHz, 66-82 MHz, 88-180
MHz, 186-192 MHz, 198-204 MHz, and 210470 MHz.
The transmodulator 20 may, however, place these or any
other desired groupings of the selected transmodulated sig-
nals at any other desired locations within the available cable
network spectra, including at frequency bands normally
used by terrestrial signals, based at least in part on how the
cable network is being used. In some cases, it may be
necessary for the transmodulator 20 to eliminate or
frequency-translate some or all of the received terrestrial
signals to other frequency bands to avoid interference with
the selected transmodulated signals.

Referring now to FIG. 3, the transmodulator 20 includes
bias tees 50 and 52 that receive the RHCP and LHCP
QPSK-modulated satellite signals, respectively, at L-band
from the LNB 16 (FIG. 1). The bias tee 50 provides a 13 volt
DC signal to the LNB channel associated with the RHCP
satellite signals, while the bias tee 52 provides a 17 volt DC
signal to the LNB channel associated with the LHCP satel-
lite signal. These DC voltages provide power to the respec-
tive LNB circuitry and select the desired polarization state in
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manners well known in the art. In this manner, standard
LNBs configured to select polarization states based on the
applied DC control voltage may be utilized. Other forms of
LNBs permanently configured to operate in desired manners
may alternatively be utilized, eliminating the need for the
bias tees 50 and 52.

The L-band RHCP and LHCP signals are each linked to
a series of switches 53 associated with a set of transmodu-
lator channels of the transmodulator 20. Preferably, the
number of transmodulator channels within the transmodu-
lator 20 is chosen in conjunction with the number of receiver
units or IRDs connected to the transmodulator 20. Typically,
the fewer number of IRDs, the fewer number of transmodu-
lator channels that are necessary. Generally speaking,
however, the transmodulator 20 will not require more chan-
nels than the number of IRDs being supported and, in fact,
will typically require less channels because it is not likely
that all of the simultaneously operating IRDs being sup-
ported by the transmodulator 20 will be tuned to different
transponder signals at the same time. If desired, the number
of transponder channels may be chosen using any desired
statistical analysis, taking into account, for example, the
number of supported IRDs, the likelihood that the IRDs will
be used at the same time, the likelihood that different IRDs
will be tuned to the same satellite transponder signal, etc. Of
course, the transmodulator 20 may be designed to be easily
upgraded to add more transmodulator channels if necessary.

In accordance with the present invention, the number of
transmodulator channels is less than the number of tran-
sponder signals associated with the received satellite or
other signal and, in a preferred embodiment, the transmodu-
lator 20 includes up to, but less than, 32 transmodulator
channels, each of which includes a switch 53, a tuner 54, a
satellite decoder 56, a packetizer 58, a cable encoder 60, and
an upconverter 62. Each transmodulator channel decodes
and transmodulates one of the 32 received transponder
signals associated with the downlink signal in essentially the
same manner and, as a result, the operation of only one of
the transmodulator channels will be described herein.

The tuner 54 of a transmodulator channel tunes to one of
the transponder signals associated with either the RHCP or
the LHCP signal within the L-band range between 950 and
1450 MHz provided through the switch 53, while filtering
out the other 15 transponder signals within that band, to
produce a 24 MHz-wide, QPSK-modulated signal corre-
sponding to a selected one of the 32 satellite transponder
signals. If desired, the tuner 54 may shift the tuned 24
MHz-wide, QPSK-modulated signal down to baseband.

The satellite decoder 56 decodes the QPSK-modulated
transponder signal in known manners to produce a digital
signal having a stream of data packets of programmed-
multiplexed data, i.e., a PM signal. In one present DTH
system, the packets are 130 bytes in length while, in another
common system, the packets are 188 bytes in length. The
satellite decoder 56 also provides an indication of whether a
non-recoverable error has occurred within each of the, for
example, 130 byte data packets during transmission via the
satellite, as will be described in more detail hereinafter.
Thereafter, the packetizer 58, which may comprise any
specialized or general microprocessing circuitry, repack-
etizes the data packets into another chosen standard. In a
particular example, 130 byte packets utilized in the DSS®
system standard, may be repacketized into 188 byte digital
video broadcasting (DVB) data packets. These 188 byte
DVB data packets are then delivered to a standard DVB
cable encoder 60 such as a Broadcom Corp. BCM3118 I.C.
Of course, if the received satellite signals include 188 byte
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data packets, the packetizer 58 can be replaced with error
detecting circuitry that detects if a transmission error has
occurred during transmission from the satellite and encodes
an error indication into the 188 byte data packets, such as
within the Reed-Solomon error code associated with those
packets. Thus, although a repacketizer is preferred in some
systems, it should be understood that repacketization is
optional, and that other packet sizes and network standards
could alternatively be utilized.

The DVB cable encoder 60, which may comprise any
known DVB encoder module, modulates the received
stream of 188 byte DVB data packets using, preferably, a
128-QAM modulation technique, to produce a 6 MHz-wide
transmodulated signal including all of the audio-visual pro-
grams associated with one of the 32 original transponder
signals. The 6 MHz-wide transmodulated signal developed
by the cable encoder 60 is provided to an upconverter 62
which shifts the 6-MHz wide transmodulated signal to an
intermediate frequency (IF), preferably comprising one of
four different carrier IFs used by the transmodulator 20. The
upconverter 62 then provides the IF signal to one of a
number of summers 64 associated with the transmodulator
20.

In the configuration of FIG. 3, each of the summers 64
receives an input from, for example, four of the upconverters
62, each of which upconverts to a different one of the four
carrier IFs. Each of the summers 64 combines the four
received transmodulated signals to produce, for example,
one of up to eight groups of four, 6 MHz-wide transmodu-
lated signals. The summers 64 of FIG. 3 provide up to eight
such groups of four, 6 MHz-wide signals to a variable
frequency upconverter 66 which, in turn, upconverts each of
the up to eight groups of four, 6 MHz-wide signals to a
different carrier frequency band. A summer 68 then com-
bines these upconverted transmodulated signals with each
other and with any desired frequency-shifted or non-
frequency-shifted terrestrial signals (delivered by a level
shifter 70) for propagation over the cable network 26 of FIG.
1.

The level shifter 70 may receive signals from an off-air
antenna, from a cable provider and/or from any other desired
signal source (e.g., local security or data services) and pass
these signals through to the summer 68 at their current
carrier frequency, or may shift these signals to one or more
different carrier frequencies for propagation over the cable
network 26 using any standard frequency translation or
mixer circuitry. Of course, if desired, the level shifter 70 may
include circuitry similar to the above-described transmodu-
lator channels and transmodulate one or more of the
received terrestrial signals to any desired modulation
scheme, such as a 128-QAM scheme, for transmission over
the cable network 26.

A transmodulator control unit 72, which may be imple-
mented in the form of a microprocessor or any other digital
or analog controller, preferably controls the switches 53,
tuners 54, the satellite decoders 56, the packetizers 58, the
cable encoders 60, the upconverters 62, the variable fre-
quency upconverter 66 and the level shifter 70 in any desired
manner. To implement such control, however, the control
unit 72 receives satellite signal requests from the IRDs
30-40 which are received, demodulated and decoded by a
demodulator/decoder 73. These satellite signal requests may
be transmitted from the IRDs 30-40 over the cable network
26 at, for example, a dedicated frequency, over some other
wire network or via any desired wireless network. The
satellite signal requests may be digital or analog requests
using any desired or known communication format, such as
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MCNS. These requests may be sent from the IRDs 30-40
periodically to indicate to the control unit 72 which satellite
transponder signals are being actively requested by the IRDs
3040 or these requests may be sent when an IRD initially
tries to tune to one of the satellite transponder signals.

Generally, the control unit 72 assimilates all of the satel-
lite signal requests received from the IRDs 3040, deter-
mines which of the satellite signals or transponder signals
must be decoded to satisfy these requests and controls a
different one of the transmodulator channels to transmodu-
late each of the so-determined transponder signals for trans-
mission over the cable network 26. The control unit 72 may
cause the selected transponder signals to be transmodulated
by controlling the tuners 54 of different ones of the trans-
modulator channels to tune to a specific one of the selected
transponder signals. The control unit 72 may assign the
transmodulator channels to tune to different transponder
signals on a first come, first serve basis, by determining
which of the transponder signals have the highest number of
active requests associated therewith or using any other
desired technique.

If desired, the control unit 72 may provide a signal via
side data to each of the IRDs 3040 specifying which
transponder signals are being transmodulated and transmit-
ted over the cable network 26 and the frequencies at which
the transmodulated transponder signals are located on the
cable network 26. Also, if desired, when the control unit 72
receives requests for more transponder signals than there are
transmodulator channels, the control unit 72 may send a
signal to one or more of the IRDs 30-40 indicating that the
requested signal cannot be decoded at, the present time
because all of the transmodulator channels are being used to
transmodulate other transponder signals. This communica-
tion may be performed using the cable network 26 or using
any other wire or wireless network.

The control unit 72 may control the frequencies used by
the upconverters 62 and 66 and/or the level shifter 70 to
control the carrier frequencies at which the transmodulated
signals, as well as the terrestrial signals, are transmitted over
the cable network 26. In a preferred embodiment, the
transmodulator control unit 72 automatically determines
which frequencies to use as carrier frequencies for the
selected ones of the 32, 6 MHz-wide transmodulated signals
(or other transmodulated signals) developed by each of the
transmodulator channels. In this preferred configuration, the
transmodulator control unit 72 may include a signal detector
(not shown) attached to the line 48 upon which the terrestrial
signals are received. At start up or at any other desired time,
the signal detector scrolls through or scans the frequency
bands between about 54 MHz and 806 MHz (and higher
bands if desired) and checks the power lever and/or tries to
tune to standard channel locations to determine which
channel locations are being used for terrestrial signals.
Typically standard terrestrial channel locations are spaced 6
MHz apart. If the signal detector detects enough power
and/or is able to tune to a standard channel, e.g., if it tunes
to a carrier signal and gets a video sync code, the control unit
72 identifies that the band associated with that channel is
being used by a terrestrial (e.g., CATV) signal. However, if
the signal detector does not detect sufficient power and/or is
unable to tune to any particular channel, the band associated
with that channel is identified as an empty band and,
therefore, as potentially available for use with one or more
of the transmodulated signals. The control unit 72 may,
instead, include any standard channel or frequency sniffer
which locates the frequency bands used by the received
terrestrial signals in any other desired manner.
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After the control unit 72 identifies all of the empty or
unused frequency bands, this information is preferably
stored in non-volatile memory. Operator selection (e.g., by
means of a keypad) may also be utilized to select or de-select
frequency bands, either alone or in conjunction with an
automated system.

The control unit 72 may then, in one embodiment, start at
the lowest unoccupied band, determine if this band is wide
enough to carry one or more, i.e., any desired number, of the
transmodulated signals and, if so, identify that band for use
by a specific one or more of the transmodulated signals by
changing the output frequency of, for example, the upcon-
verter 66 associated with those transmodulated signals. The
control unit 72 may go as high as necessary in frequency to
assign carrier frequencies to all of the transmodulated sig-
nals.

If the terrestrial signals are spread out throughout the
available cable spectra in a manner which makes it impos-
sible or difficult to find empty bands of sufficient predeter-
mined width for all of the desired transmodulated signals,
the control unit 72 and/or operator input may identify one or
more of the terrestrial signals and/or the satellite channels to
be eliminated (not provided over the system) or shifted in
frequency to thereby produce sufficient regions of continu-
ous spectrum for use by any desired subsets or groupings of
the transmodulated signals. In the case in which one or more
of the terrestrial signals or the satellite signals are
eliminated, the control unit 72 preferably selects the one or
more signals for elimination based on a predetermined
priority criterion which may be, for example, input by a user
or stored in a memory associated with the control unit 72.
The priority criterion may prioritize the satellite or terrestrial
signals for elimination based on the channel or frequency at
which these signals arrive at the transmodulator 20 or based
on any other desired criteria.

A transmodulator control panel 74 is coupled to the
control unit 72 and, preferably, includes signal strength
measurement devices that indicate the relative strength of
each of the satellite signals and/or each of the terrestrial
signals input to the transmodulator 20. The control panel 74
may also allow an operator to choose default frequency
locations for each of the transmodulated and/or terrestrial
signals and may include controls that permit an installer to
select the carrier frequency bands for any number of the
transmodulated and/or terrestrial signals. Of course, the
transmodulator control panel 74 and the control unit 72 may
perform any other desired functions with respect to the
transmodulator 20.

Referring now to FIG. 4, the satellite decoders 56 of FIG.
3 are described in more detail. Each of the satellite decoders
56 may comprise any standard decoder used in decoding the
satellite or other signal received by the main receiving
antenna such as the DSS decoder manufactured by SGS
Thomson, commonly referred to as the “Link I.C.,” the
Broadcom Corp. BCM4200 decoder chip, or decoder chips
manufactured by LSI Logic and others. Generally, each
satellite decoder 56 includes a QPSK demodulator 80 that
demodulates the QPSK-modulated signal received from one
of the tuners 54. The QPSK demodulator 80 may use any
known or desired technique to recognize the incoming
QPSK symbols and convert each of these symbols into a soft
decision presentation of a two bit pattern (e.g., six bits for
each three bit soft decision) based on the phase and absolute
magnitude of the symbol. The output of the QPSK demodu-
lator 80 is a digital bit stream comprising a concatenated set
of two bit patterns (i.e., the six bit soft decision represen-
tation of these patterns) corresponding to the received QPSK
symbols.



US 6,493,873 B1

13

Because satellite signals are typically convolutionally
encoded before being transmitted via satellite (for error
correction purposes), the satellite decoder 56 includes a
convolutional decoder 82 that convolutionally decodes,
using soft decisions if required, the received bit stream in
any known manner to produce a stream of 147 byte packets
having 146 bytes of interleaved data and one sync byte. A
sync and de-interleaver 84 detects and strips the sync byte,
and then de-interleaves the remaining 146 bytes to produce
a stream of 146 byte data packets, each having 130 bytes of
program-multiplexed (PM) data and 16 bytes of Reed-
Solomon (R-S) error coding (which was added to the data
packets before being transmitted via satellite).

An R-S decoder 88 provides error correction based on the
16 error coded bytes of each of the 146 byte data packets in
any known and conventional manner to produce a stream of
130 byte error corrected PM data packets. The R-S decoder
88 also determines if a non-correctable error has occurred to
the data within each of the 130 byte data packets and
indicates, via a line 89, whether each 130 byte data packet
has correct data or, alternatively, has data which has been
corrupted by an unrecoverable transmission error.

The packetizer 58 (FIG. 3) receives the 130 byte data
packets and the associated error indication and creates
therefrom a 132 byte data packet, having 130 bytes of PM
data, one sync byte and one, for example, R-S error code
byte indicating whether the 130 bytes of data are error-free
or whether they contain an uncorrected transmission error.
The sync and/or error code bytes can also contain other
necessary down-stream information such as command and/
or channel configuration information.

The packetizer 58 then concatenates the stream of 132
byte data packets, counts off consecutive sets of 187 bytes
to form 187 byte data packets, and adds, for example, a byte
having an MPEG2 sync code and/or other downstream
information such as command and channel configuration
information for each of the selected transponder signals to
the beginning of each of the 187 byte data packets to create
a stream of 188 byte data packets. An illustrative stream of
twelve such 188 byte data packets is illustrated in FIG. 5,
wherein the MPEG2 sync bytes are illustrated as “47”
hexadecimal, the sync bytes associated with each of the 130
bytes of data are illustrated as “1D” hexadecimal and the
R-S error code or error flag byte associated with each of the
130 bytes of data are illustrated as “94” hexadecimal for the
“no error” condition and may be, for example, “95” hexa-
decimal (not shown) for the error condition. As will be
evident from FIG. 5, each of the 132 byte packets having 1
sync byte, 1 error flag byte and 130 bytes of program-
multiplexed data can be fully contained within one 188 byte
packet or can be split between two 188 byte packets for
transmission over the cable network 26. As will also be
evident, the pattern of the twelve 188 byte packets of FIG.
5 repeats for every seventeen 130 byte packets.

The packetizer 58 delivers the stream of 188 byte data
packets to an associated one of the cable encoders 60.
Although the packetizer 58 is described herein as converting
from 130 to 188 byte data packets, the packetizer 58 could
convert between data packets of any other number of bytes
to accommodate other signal decoders, cable encoders, or
data organization schemes as desired.

Referring now to FIG. 6, the cable encoders 60 of FIG. 3
are described in more detail. Each cable encoder 60 may
comprise any standard DVB cable encoder, such as a DVB
encoder of the type manufactured by Broadcom Corp. (the
BCM3033 1.C.) which, as is known in the art, operates on
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188 byte data packets having 187 bytes of data and one sync
byte. Each cable encoder 60 includes a scrambler 90, which
randomizes the bits/bytes within each of the 188 byte data
packets, and an R-S encoder 92 which adds an R-S error
code of, for example, 16 R-S parity bytes, to each of the
scrambled 188 byte data packets. Thereafter, a standard
interleaver 94 interleaves groups of the R-S encoded data
packets for transmission error resistance purposes, as is
generally known in the art. A byte to m-tuple encoder 96
splits up the interleaved data packets into consecutive sets of
m bits for encoding using a QAM modulation technique.
The value of m is a function of the level of QAM modulation
being used and, specifically, the QAM modulation technique
can be expressed as 2”-QAM. Thus, for example, m equals
seven in 128-QAM while m equals 4 in 16-QAM.

A differential encoder 98 differentially encodes the two
most significant bits of each of the m-tuple bit packets using
any commonly known differential encoding technique, as is
commonly performed in QAM modulation. Next, a square-
root raised cosine filter 100 provides a pulse shaping feature
to the differentially encoded bit packets and delivers the
shaped pulses to, for example, a 128-QAM modulator 102
which may comprise any standard QAM modulator that
produces a 128-QAM modulated signal at the output
thereof.

While the transmodulator 20 is described herein as includ-
ing a packetizer 58 which repacketizes 130 byte data packets
produced by a standard DSS satellite decoder 56 into
standard 188 byte data packets used by systems following
the DVB transmission standard to enable the use of known
DSS satellite decoders and known DVB cable encoders, the
transmodulator 20 could, instead, include circuitry specifi-
cally designed to encode the 130 byte data packets produced
by the satellite decoder 56 in a manner similar to the DVB
cable encoder, i.e., by scrambling, R-S encoding,
interleaving, etc. the 130 byte data packets to produce the
128-QAM modulated signals.

Furthermore, while the signal distribution system 10 is
described herein as using a 128-QAM modulator 102, any
other type of QAM modulator, such as an 8-QAM, 16-QAM,
32-QAM, 64-QAM or higher order QAM modulator can be
used to encode the decoded satellite signal, with the choice
being dependent on how much frequency spectrum is avail-
able on a particular cable system, on how noisy the cable
network tends to be which, in turn, drives the level of error
protection required and on how many transmodulated sig-
nals are being delivered to the receiver units. In general, the
higher the order of QAM encoding, the less frequency
spectrum will be necessary to transmit the desired number
satellite transponder signals (or other signals) over a cable
network. However, the higher the order of QAM
modulation, the more the transmodulated signals will be
susceptible to noise while being transmitted over a cable
network. Likewise, different ones of the transmodulator
channels of FIG. 3 may transmodulate the received PM
signal, i.e., the tuned transponder signal, using different
modulation schemes. For example, a first set of the trans-
modulator channels may remodulate PM signals using a
128-QAM modulation technique, while a second set of
transmodulator channels may use a 32-QAM modulation
technique, a 64-QAM modulation technique, and so on. The
choice of the modulation technique for any particular trans-
modulator channel may depend on, for example, the data
rate of the PM signal being received, as well as other factors.

Furthermore, as noted above, modulation techniques
besides QAM can be used when transmodulating the
decoded satellite signal. Other such modulation techniques
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may include, for example, any high rate digital modulation
techniques such as VSB (vestigial side band), including
8-VSB, 16-VSB etc., or QAM with trellis-coded modula-
tion. Other modulation techniques which may be developed
in the future could similarly be used without departing from
the spirit and scope of the present invention. In general, the
choice of a modulation technique will be driven by the
reduction in bandwidth which must be accomplished by the
modulation technique and by the noise susceptibility of the
modulation technique. If a different modulation technique is
used, however, it is understood that a different type of cable
encoder will be necessary to properly transmodulate the
desired transponder signals (or other received signals) for
propagation over the cable network 26.

Still further, the transmodulator 20 need not remodulate
the received transponder signals but may, instead, shift
selected ones of these signals to different frequencies for
transmission over the cable network 26. In this case, each
transmodulator channel would need to include a tuner and a
frequency shifter. Of course, this configuration only reduces
the bandwidth used by the signals transmitted over the cable
network 26 to the extent that it eliminates some of the
received satellite transponder signals. Thus, the more
received satellite transponder signals that are to be sent to
the IRDs 3040, i.¢., the more transmodulator channels there
are, the less viable this option becomes.

Likewise, it is understood that signals other than QPSK
modulated signals can be received at the main signal
receiver 14 (or other receiver) and transmodulated for deliv-
ery over the cable network 26 using the concepts described
herein. In this situation, the particulars of the transmodulator
20 will change based on the type of modulation, carrier
frequencies and transmission formats associated with these
different received signals. It is considered that the use of an
8-PSK (phase shift keying) modulation scheme for encoding
the satellite signal and a 16-QAM or higher order QAM
(32-QAM, 64-QAM etc.) scheme for encoding the cable
signal may be one useful combination. It is also considered
that the use of a 16-QAM scheme for encoding the satellite
signal and a 32-QAM or higher order QAM scheme for
encoding the cable signal may be another useful combina-
tion.

Referring now to FIG. 7, the circuitry associated with
each of the IRDs 30—40, identified hereinafter as IRD 30, is
illustrated in block format. While the IRD 30 will be
described herein as an IRD which decodes DSS signals, it
will be understood by those skilled in the art that the IRD 30
may include any other standard circuitry that decodes any
other type of modulated or encoded signals.

The IRD 30 may initially scan all the channels from, for
example, low carrier frequencies to high carrier frequencies,
to locate the frequency bands or channels used by the
selected ones of the transmodulated signals and then assign
channel numbers to these located signals based on a prede-
termined ordering scheme used by the transmodulator 20.
However, as noted above, the transmodulator 20 may
actively signal the channel locations, ordering, frequency
assignments, etc. of the transmodulated satellite signals
and/or terrestrial signals via a communication channel
(using side data) established over, for example, the cable
network 26. Such a communication channel may comprise
a low-speed channel that uses uncoded bits of the sync and
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error code bytes within the, for example, 188 byte data
packets, and may be used to deliver any desired information
to the IRD 30 over time, i.¢., using a large number of the 188
byte data packets.

The IRD 30 includes a controller 105 that receives
satellite signal requests from a user and then sends requests
to the transmodulator 20 via, for example, an MCNS inter-
face 107 and the cable network 26, to have the requested
transponder signals transmodulated and transmitted to the
IRD 30 via the cable network 26. The controller 105 also
receives and decodes information from the transmodulator
20 indicating the carrier frequencies, etc. of the transmodu-
lated signals that are on the cable network 26. When the
controller 105 recognizes that a user-requested channel is
being transmodulated and sent via the cable network 26, the
controller 105 controls a tuner 110, connected to the cable
network 26, to tune to the frequency band associated with
the requested signal. If necessary, the tuner 110 may include
a down-converter which shifts higher frequency 6 MHz
channels to lower frequencies commonly supported by stan-
dard tuners.

The tuned signal is provided to a decoder 112, which may
comprise a standard DVB cable decoder such as the
BCM3118 decoder chip manufactured by Broadcom Corp.
Generally, the decoder 112 includes a 128-QAM demodu-
lator that demodulates the QAM transmodulated signal to
produce a set of interleaved, R-S encoded data packets. A
de-interleaver de-interleaves the data packets and, thereafter,
an R-S decoder strips off the error coding and, to the extent
possible, corrects errors resulting from transmission over the
cable, to produce a stream of 188 byte data packets. There-
after a descrambler descrambles each of the 188-byte data
packets to remove the effects of the scrambler 90 of FIG. 6.
The DVB cable decoder 112 delivers the stream of 188 byte
data packets, each having 187 bytes of data and one sync
byte, to a packetizer 114 while, simultaneously, providing an
indication of whether the data associated with each of the
188 byte data packets has experienced a non-recoverable
error during transmission over the cable network 26. This
indication may be developed by the R-S decoder of the DVB
decoder 112 and provided to the packetizer 114 via, for
example, a line 115.

The packetizer 114 strips off the sync byte of each of the
188 byte data packets to produce a stream of 187 byte data
packets, concatenates the stream of 187 byte data packets
and repacketizes the data stream into a stream of 132 byte
data packets, each having 130 bytes of program-multiplexed
data, one sync byte and one error code byte. Using the error
indication produced by the DVB cable decoder 112 (on line
115), the packetizer 114 determines if a non-recoverable
error has occurred with respect to any of the 188 byte
packets within which any portion of each 132 byte data
packet was included. If so, the error code of the 132 byte
data packet is changed to reflect that the 132 byte data packet
contains corrupted data.

The output of the packetizer 14 is provided to a splitter
116 which strips the 130 bytes of program-multiplexed data
from the 132 byte data packets using a smoothing buffer to
minimize packet-to-packet delay variation or jitter and pro-
vides this data to a transport decoder 118. The splitter 16 also
decodes the error code associated with each of the 132 byte
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data packets and indicates to the transport decoder 118 if the
130 bytes of program-multiplexed data at the input thereof
have been corrupted during transmission via either the
satellite or the cable.

The transport decoder 118, which may comprise any
standard transport decoder such as those associated with the
DSS system, decodes the program-multiplexed data to pro-
duce a stream of digital data. If the presence of an uncor-
rected error is indicated for any data packet, the transport
decoder 18 may use that information to begin known error
concealment techniques to reduce the effects of the error
when the final signal is, for example, displayed on a tele-
vision screen. If, however, the error code associated with any
particular 130 byte data packet indicates that no transmis-
sion error has occurred therein, the transport decoder 118
strips off all data which is not an actual part of the signal to
produce a program-multiplexed signal having data associ-
ated with from approximately five to eight individual A-V
programs, all in known manners.

The program multiplexed data is provided to a demulti-
plexer 120 which is also responsive to the controller 105.
The demultiplexer 120, which may be any standard
demultiplexer, extracts one of the five to eight A-V programs
from the program multiplexed data signal and provides a
data stream having data pertaining to the extracted program
(as identified by the controller 105) to a decoder having an
MPEG video decoder 122, an MPEG audio decoder 123
and/or a data processor 124.

The MPEG video decoder 122, which may be any stan-
dard MPEG2 video decoder commonly known in the art,
operates to produce a digital video signal from the received
bit stream and provides this digital signal to an NTSC
encoder 125. The NTSC encoder 125, which may be any
standard encoder, converts the received digital signal into an
analog NTSC video signal and provides this signal to a
television set 126 for display on the television screen, as is
commonly known in the art. If desired, the NTSC encoder
125 may also receive signals from the controller 105 for
display on the T.V. 126. Such signals may indicate to a user
that, for example, a requested channel is not presently
available on the system because the transmodulator 20
cannot assign a transmodulator channel to the satellite
transponder signal associated with the requested channel at
the present time. Of course, the controller 105 may have
similar connections to the MPEG audio decoder 123, the
MPEG video decoder 122 and/or the data processor 124.
Other standard video encoders including, for example, PAL,
SECAM, etc., may also be used alone or in combination.

The MPEG audio decoder 123, which may be any stan-
dard audio decoder commonly known in the art, produces a
digital audio signal from the received bit stream, and pro-
vides this audio bit stream to a D/A converter 127 which, in
turn, provides an analog audio signal to the television set
126 for use in conjunction with the video signal developed
by the NTSC encoder 125. The data processor 124 performs
independent data processing or data functions on data within
the decoded signal. The data processor 124 may, for
example, decode, display and/or run web pages, software
programs, etc. delivered via the satellite communication
channel. In addition or in the alternative, other video, audio
and/or data signals may be processed or output in known
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manners. Likewise, terrestrial signals may be diplexed off of
the cable network 26 and provided to a tuner associated with
a user television, VCR, etc. for demodulation in manners
known in the art.

While the present invention has been described with
reference to specific examples, which are intended to be
illustrative only, and not to be limiting of the invention, it
will be apparent to those of ordinary skill in the art that
changes, additions and/or deletions may be made to the
disclosed embodiments without departing from the spirit and
scope of the invention.

What is claimed is:

1. A signal distribution system adapted to receive a
composite signal having a multiplicity of subportions
therein that are modulated according to a first modulation
scheme, the signal distribution system comprising:

a transmodulator that transmodulates a selected one of the
subportions of the composite signal from the first
modulation scheme to a second modulation scheme to
produce a transmodulated signal;

a main transmitter that transmits the transmodulated sig-
nal over a communication channel in a manner capable
of being received at a plurality of individual receivers;

a request receiver that receives a request signal from each
of the plurality of individual receivers; and

a controller coupled to the transmodulator and to the
request receiver that selects the selected one of the
subportions from the multiplicity of subportions in
response to the request signals.

2. The signal distribution system of claim 1, wherein the
transmodulator includes a tuner and wherein the controller
controls the tuner to tune to a frequency band associated
with the selected one of the subportions.

3. The signal distribution system of claim 1, further
including a second receiver adapted to receive a second
signal and a combiner that combines the transmodulated
signal with the second signal to produce a combined signal,
and wherein the main transmitter transmits the combined
signal over the communication channel to the plurality of
individual receivers.

4. The signal distribution system of claim 1, further
including a reception device coupled to the communication
channel at one of the plurality of individual receivers,
wherein the reception device includes a further receiver that
receives the transmodulated signal, a demodulator that
demodulates the received transmodulated signal and an
individual transmitter that transmits one of the request
signals indicating a subportion to be transmodulated.

5. The signal distribution system of claim 1, wherein the
first modulation scheme is a quadrature phase shift keying
(QPSK) modulation scheme and the second modulation
scheme is a quadrature amplitude modulation (QAM)
scheme and wherein the transmodulator includes a QPSK
demodulator coupled to a QAM modulator.

6. The signal distribution system of claim 5, wherein the
QAM modulator comprises a 128-QAM modulator.

7. The signal distribution system of claim 1, wherein the
first modulation scheme is an 8-PSK (phase shift keying)
modulation scheme and the second modulation scheme is a
quadrature amplitude modulation (QAM) scheme of the
order of 16 or higher, and wherein the transmodulator
includes a PSK demodulator coupled to a QAM modulator.



US 6,493,873 B1

19

8. The signal distribution system of claim 1, wherein the
first modulation scheme is a 16-QAM (quadrature amplitude
modulation) scheme and the second modulation scheme is a
QAM scheme of the order of 32 or 64 or 256 or higher, and
wherein the transmodulator includes a 16-QAM demodula-
tor coupled to a 32-QAM or a 64-QAM or a 256-QAM or
higher order QAM modulator.

9. A signal distribution system for distributing a compos-
ite signal having a plurality of individual program multiplex
signals modulated according to a first modulation scheme
therein over a communication channel in a manner capable
of being received by individual receivers, the distribution
system comprising:

a main receiver that receives the composite signal;

a multiplicity of transmodulator channels coupled to the
main receiver, each of which transmodulates a different
one of the plurality of individual program multiplex
signals from the first modulation scheme to a second
modulation scheme to produce one of a multiplicity of
transmodulated signals;

a combiner coupled to the multiplicity of transmodulator
channels that combines the multiplicity of transmodu-
lated signals at different carrier frequency bands to
produce a combined signal;

amain transmitter that transmits the combined signal over
the communication channel in a manner capable of
being received by each of the individual receivers;

a request signal receiver that receives a request signal
from each of the individual receivers; and

a controller coupled to the request signal receiver that
controls which of the plurality of individual program
multiplex signals each of the multiplicity of transmodu-
lator channels transmodulates.

10. The signal distribution system of claim 9, wherein the
multiplicity of transmodulator channels is less than the
plurality of individual program multiplex signals.

11. The signal distribution system of claim 9, wherein
each of the transmodulator channels includes a tuner and
wherein the controller controls the tuner of each of the
transmodulator channels to tune to a frequency band asso-
ciated with one of the plurality of individual program
multiplex signals.

12. The signal distribution system of claim 9, further
including a second receiver adapted to receive a second
signal and wherein the combiner combines the multiplicity
of transmodulated signals with the second signal to produce
the combined signal.

13. The signal distribution system of claim 9, further
including a reception device coupled to the communication
channel at one of the individual receivers, wherein the
reception device includes a further receiver that receives the
combined signal, a demodulator that demodulates a portion
of the received combined signal and an individual transmit-
ter that transmits one of the request signals indicating one of
the plurality of program multiplex signals to be transmodu-
lated.

14. The signal distribution system of claim 9, wherein the
main transmitter transmits the combined signal to the indi-
vidual receivers over a cable and wherein the request signal
receiver receives the request signals via a wire connection.

15. The signal distribution system of claim 9, wherein the
main transmitter transmits the combined signal to the indi-
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vidual receivers over a cable and wherein the request signal
receiver receives the request signals via a wireless channel.

16. The signal distribution system of claim 9, wherein the
first modulation scheme is a quadrature phase shift keying
(QPSK) modulation scheme and the second modulation
scheme is a quadrature amplitude modulation (QAM)
scheme and wherein each of the multiplicity of transmodu-
lator channels includes a QPSK demodulator coupled to a
QAM modulator.

17. The signal distribution system of claim 9, wherein
each of the request signals includes a request for one of the
plurality of individual program multiplex signals and
wherein the controller includes means for controlling each
of the multiplicity of transmodulator channels to transmodu-
late a different one of the requested individual program
multiplex signals.

18. The signal distribution system of claim 17, wherein
the controller includes means for selecting which of the
plurality of individual program multiplex signals will be
transmodulated when the number of requested individual
program multiplex signals is greater than the number of the
multiplicity of transmodulator channels.

19. The signal distribution system of claim 18, wherein
the selecting means selects a particular multiplicity of indi-
vidual program multiplex signals to be transmodulated
based on the number of request signals received for each of
the plurality of individual program multiplex signals.

20. A method of distributing a subset of a plurality of
individual signals associated with a composite signal to
multiple individual receivers, wherein the plurality of indi-
vidual signals are modulated according to a first modulation
scheme, the method comprising the steps of:

receiving the composite signal;

receiving a request signal from each of the individual

receivers;
choosing the subset of the plurality of the individual
signals based on the received request signals;

transmodulating each of the subset of the plurality of the
individual signals from the first modulation scheme to
a second modulation scheme to produce a combined
transmodulated signal; and

transmitting the combined transmodulated signal over the

communication channel in a manner capable of being
received at the individual receivers.

21. The signal distribution method of claim 20, further
including the steps of receiving a second signal and trans-
mitting the second signal with the combined transmodulated
signal to the individual receivers.

22. The signal distribution method of claim 20, wherein
the first modulation scheme is a quadrature phase shift
keying (QPSK) modulation scheme and the second modu-
lation scheme is a quadrature amplitude modulation (QAM)
scheme and wherein step of the transmodulating includes
transmodulating each of the chosen subset of the plurality of
individual signals from the QPSK modulation scheme to the
QAM modulation scheme.

23. A signal distribution system for distributing a com-
posite signal having a plurality of individual program mul-
tiplex signals therein over a communication channel in a
manner capable of being received by individual receivers,
the distribution system comprising:
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a main receiver that receives the composite signal;

a multiplicity of tuner channels coupled to the main
receiver, each of which tunes to a different one of the
plurality of individual program multiplex signals to
produce one of a multiplicity of tuned signals, wherein 5
the multiplicity of tuned signals is less than the plural-
ity of individual program multiplex signals;

a combiner coupled to the multiplicity of tuner channels
that combines the multiplicity of tuned signals at dif-
ferent carrier frequency bands to produce a combined
signal;

10

a transmitter that transmits the combined signal over the
communication channel in a manner capable of being

received by each of the individual receivers; 15

a request signal receiver that receives a request signal
from each of the individual receivers; and

a controller coupled to the request signal receiver that
controls the tuner channels to tune to a particular set of
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individual program multiplex signals based on the
received request signals.

24. The signal distribution system of claim 23, further
including a second receiver adapted to receive a second
signal and wherein the combiner combines the multiplicity
of tuned signals with the second signal to produce the
combined signal.

25. The signal distribution system of claim 23, further
including a reception device coupled to the communication
channel at one of the plurality of individual receivers,
wherein the reception device includes a further receiver that
receives the combined signal, a demodulator that demodu-
lates a portion of the received combined signal and an
individual transmitter that transmits one of the request
signals indicating one of the plurality of program multiplex
signals.





