
INTERACTIVE TELEVISION CONVERTER Technical Field This invention relates to
interactive television systems and more particularly to a converter for
subscriber locations of a cable television system to 5 enable the use of
interactive television features with cable-ready television receivers.
Background of the Invention Cable television systems have made possible the
transmission of many channels of television programs to the homes of
subscribers. Instead of being limited to the number of VHF and UHF channels
that can be transmitted and received in a 10  given area, the number of
channels in cable systems is limited only by the transmission
characteristics of the cable itself and the ability to compress the
information in television programs into narrower-bandwidth channels. The
advent of fiber-optic transmission systems for use in cable television
networks has also vastly increased the number of channels available. 15
Such increase in channels has also given rise to proposals for interactive
television systems wherein a subscriber can transmit information or
requests back into the system, which information or requests may
subsequently affect programs or information directed to such subscriber.
There are a wide variety of applications for interactive television
systems, such as video games, video catalog shopping, 20  teaching systems,
movies on demand and audio programs. Each application can be tailored for
an individual subscriber, for example a subscriber may be able to select
the language of the soundtrack in a movie. However, such systems typically
require the ability (i) to control specific programs or information sent to
each subscriber and (ii) to receive input messages or requests from the
subscriber. 25             A headend-to-subscriber channel does not need
the full bandwidth of the usual television cable channel if compression can
be used. For example, a number of compressed and digitized television
signals can be transmitted over a single conventional 6 Mhz cable channel.
Other program information, such as high-fidelity 



audio, still video pictures or text can also be sent in compressed form. By
using a 30  large number of conventional channels for ITV purposes, such as
is now possible with optical fiber distribution systems, together with
compression, it is conceivable that hundreds of "virtual" channels could be
made available. Such virtual channels can also be used to transmit control
information to subscriber locations.    -2- In many cable television
systems, a special converter is used at the subscriber location to allow
the subscriber to select among the various available channels, and possibly
to "unscramble" premium channels for which extra fees are payable. Such
converters usually provide an output on one of the channels that a 5
standard television receiver can receive, such as Channel 3. More recently,
television receivers and video recorders have been made available that are
"cable ready," that is, with the ability to receive and select among all
the channels transmitted over the cable system, but without the ability to
unscramble premium channels. A converter is still needed for the premium
channels. 10             Many cable-ready television receivers have
additional features, such as picture-within-picture and remote-control
tuning, that cannot be used conveniently with cable converters that provide
an output over a single channel. Similarly, video recorders capable of
being programmed to record selected channels at selected times are defeated
by such a converter. Accordingly, it is desired to provide a converter 15
for use in interactive television systems that is "transparent" to
unrestricted channels on the cable system and that permits use of
cable-ready features on television receivers and video recorders. Summary
of the Invention One or more channels in a multi-channel cable television
distribution 



20  system are used for the transmission of interactive television (ITV)
signals, in the form of packetized digital information, from a server at
the cable system headend to converters at subscriber locations. Each
converter contains a receiver for ITV signals and is connected between the
cable system and the subscriber's television receiver. Control packets in
the ITV signals are addressed to individual converters 25  to enable the
receipt of one or more virtual channels by a converter. The converter
decodes and expands the packetized digital information in such enabled
channels and generates a conventional video signal, which is transmitted to
the subscriber's television receiver on one of the channels used for the
ITV signal from the headend. replacing the packetized digital information.
The remaining channels from the cable 30  system are forwarded to such
television receiver unaltered. Thus, all cable-ready features of the
subscriber's television receiver are usable. In alternate embodiments of
the invention, the video signal generated by the converter is derived from
one or more sources. Examples of such sources are an additional receiver
adapted to receive a conventional television signal from the cable system
and local text or 35  symbol generators.    -3 - These and other aspects of
the invention will become apparent from the attached drawings and detailed
description. Brief Description of the Drawing FIG. 1 is a schematic block
diagram of a cable television system adapted 5  for use by an interactive
television system and in which a converter configured in accordance with
the invention can be used. FIG. 2 is a block diagram of a converter in
accordance with the invention for use at subscriber locations of an
interactive television system. 



FIG. 3 is a flow chart showing the operation of controller 214 in FIG. 2 10
upon receipt of a packet of information from the cable system. Detailed
Description FIG. 1 is a schematic block diagram of a cable television
system adapted for use as an interactive television system and in which a
converter configured in accordance with the invention can be used. A
typical cable television system 15  comprises headend equipment 101 at a
central location, a distribution network consisting of various feeders 102
and branches 103 and connections to subscriber locations such as 104, where
converters and television receivers (or cable-ready television receivers
alone) receive the signals from the distribution network. In a typical
cable television system, various television programs are fed into the
different 20  channels of the system by headend equipment 101. Such
programs may be received, for example, from local broadcasts by broadcast
receivers 110, from communications satellites by satellite receivers 111 or
directly from local sources 112. Interactive television (ITV) subscribers
are served via dedicated 25  distribution channels of the cable television
system from ITV server 120. Server 120 obtains its programming material
from such sources as programming center 121, or program library 122.
Program library 122 contains stored versions of movies, musical selections,
texts, pictorial information and other materials that may be - accessed by
ITV subscribers in conjunction with an ITV service or application. 30
Programming center 121 may be a direct source of program material for
server 120 or may prepare such material for library 122. ITV server 120,
programming center 121 and program library 122 may be at the same or
different locations and may themselves be connected in networks. There can
be multiple servers 120 for different cable systems. Program library 122 35
may consist of a number of libraries at different locations. However, there
will typically be a server 120 dedicated to a particular cable system to
interact with the 



-4- ITV subscribers on that systems distribution network. There are a wide
variety of possible configurations for server 120, all of which will
typically include at least one central processor to control programs and
other information transmitted to subscribers 104 over the dedicated ITV
channels in 5  the cable system and to receive and respond to uplink
messages from subscribers 104. The interactive television converter
(sometimes called a "set top box") of the invention is configured for use
in a cable television system in which at least one distribution channel is
dedicated to distribution of packetized digital information 10  for use in
conjunction with interactive television features. Packets can contain full-
motion video signals in compressed form, other kinds of audio or video
information or control signals for the converters. As used herein, the term
"television signal" means a signal including both video and audio
information. An uplink channel is also provided for communication of
control signals from the subscriber to the cable- 15  system headend.
Alternatively, such uplink channel can be part of a separate system, such
as a telephone network. Using well-known compression techniques, a number
of full-motion television signals can be transmitted in packetized form
over a cable channel in a cable television system. For example, a
full-motion NTSC television signal can be 20  compressed and digitized for
transmission at 1.5 Mbits/second. By packetizing such digital information
and interleaving such packets, it is possible that as many as 16 such
television signals (24 Mbits/second) can be sent via "virtual channels" in
a standard 6MHz cable channel. If a lower bandwidth signal (such as an
audio signal) is to be sent over a virtual channel, fewer packets need be
transmitted for such 



25  virtual channel per unit of time. A typical packet consists of two
bytes for a polling address, two bytes identifying the virtual channel of
which the packet is a part and 48 data bytes. The data bytes contain the
compressed video, audio or other information being transmitted in the
virtual channel. One virtual channel (for example, channel 00) is 30
reserved for control messages. A typical control message includes a field
containing the address of the converter for which the message is intended,
a field identifying the virtual channel to which the message relates, a
field specifying the kind of data to be transmitted on such virtual channel
(i.e. still pictures, full motion video, stereo audio, text) and other
control information. A television signal is typically transmitted over 35
two virtual channels: one for the video portion, the other for the audio.
Control messages are also used to initialize converters.    -5 - FIG. 2 is
a block diagram of a converter 200 for connection between a cable system
and a television receiver at a subscriber's premises. Input cable 202 is
typically a coaxial cable or an optical fiber cable connected to the cable
distribution system. Cable 202 is connected to inputs of band-stop filter
204, selectable channel 5 receiver 206 and ITV channel receiver 208 and to
the output of uplink modulator 210. Cable 202 is part of an input circuit
(not shown), that also contains any interface apparatus, such as
optical/electrical transducers and amplification and buffering circuits
needed to connect the cable system to filter 204, receivers 206 and 208 and
modulator 210. Such interface apparatus and amplification and buffering 10
circuits are well known to those skilled in the art. ITV channel receiver
208 is tuned to receive the cable channel over which the packetized digital
information for the interactive television features is 



being transmitted. The actual cable channel or channels used for such
purpose are assigned by the administrators of the cable system. If more
than one such ITV 15  channel is provided, one of the channels is usually
considered the "default" channel, which is the channel used to initialize
converters such as converter 200. Upon initialization, a converter can be
transferred to a different ITV channel by means of a control message. The
output of tuner 208 is a digital bit stream comprising the packetized
digital information, which is forwarded to controller 214. 20
Controller 214 performs many functions and is typically a microprocessor
with both random-access memory (RAM) and read-only memory (ROM). Controller
214 sends control and video information to selector/combiner 217, sends
control messages to receivers 206 and 208 specifying the identity of
channels to be received, receives manual inputs from manual input devices
218, 25  sends video packets to decoder 215 and audio packets to decoder
216 and transmits information to the cable headend via uplink modulator
210. An audio packet can contain information for more than one audio
channel. Controller 214 can also be a source of audio and/or video
information. Such information can be retrieved from memory in controller
214 or generated by computer programs in controller 214 30  under the
control of messages from receiver 208 or input devices 218. Examples of
such information are symbols, icons, text or other stored images to be used
as video overlays, or synthesized sounds to be combined with audio signals.
Examples of input devices 218 are keyboards, handheld "mice" for use with
video displays and infrared remote control devices, such as those used with
television receivers and 35  recorders.    Decoders 215 and 216 can also be
microprocessors, such as digital signal processors, specifically programmed
to decode compressed video or audio 



information, as the case may be, in accordance with the appropriate
decoding algorithm, as is well known in the art. Other output devices 220
capable of receiving 5 digital information, such as a printer, can be
connected to controller 214 as desired. The output of selector/combiner 217
is a television signal the components of which can be either (i) selected
from one of a number of sources, such as receiver 206, controller 214,
decoder 215 or decoder 216 or (ii) combined from such sources. In its
simplest form, selector/combiner 217 forwards to 10  modulator 222 either
the television signal received by receiver 206 or the television signal
obtained by combining video decoded by decoder 215 with audio decoded by
decoder 216. Other versions of selector/combiner 217 can include apparatus
controlled by controller 214 to combine various video and audio sources
into the television signal to be transmitted to modulator 222. Many
techniques are known in 15  the art for combining video sources, such as
overlays, windows and split screens. In a preferred embodiment of the
invention, selector/combiner 217 operates on digital representations of
video signals in which each pixel of a scene is represented by a number of
bits and on digital representations of audio signals in which sounds are
represented by digitized samples. In such embodiment, the outputs 20  of
decoders 215 and 216 and any audio or video outputs from controller 214 are
in digital form; also, the television signal from receiver 206 is converted
to digital form in converting apparatus (not shown). Such converting
apparatus is well known in the art. These digitized video and audio
elements are combined in selector/combiner 217 to produce a sequence of
digital frames and digital audio samples (possibly for 25  more than one
audio channel). These samples are then converted to a conventional
television signal, such as an NTSC signal, by apparatus (not shown) also
well known in the art. Band stop filter 204 deletes at least one of the ITV
channels, preferably the default channel, from the signal received from
cable 202, passing the remaining 30  channels to output cable 230.
Modulator 222 modulates the television signal 



received from selector/combiner 217 into one of the blocked ITV channels on
output cable 230. Thus, converter 200 replaces the packetized digital
signal received from the cable system in such ITV channel with the
television signal from selector/combiner 217. Such ITV channel can then be
selected and viewed in the 35  conventional way on a cable-ready television
receiver connected to output cable 230. As described above, the television
signal modulated into such ITV channel can be    -7 - produced from ITV
packets received over any of the ITV channels. For applications in which
audio programs are transmitted over an ITV channel, a separate audio output
can be provided, as shown at 240, which can be used by equipment such as a
high-fidelity sound system. Such audio output can have 5 more than one
channel, if desired. As mentioned above, each packet received in an ITV
cable channel contains identification of a virtual channel. Program
information can be "multicast" on virtual channels for receipt by one or
more subscribers. As also mentioned above, control messages are sent over
at least one of the virtual channels not being used for 10  program
information. Different types of programs can be transmitted in each virtual
channel, for example full motion video, still pictures, audio or text. When
converter 200 is to receive a program from a virtual channel, a control
message addressed to converter 200 causes controller 214 to store the
identification of such virtual channel. Thereafter, controller 214
processes the contents of each packet identified as part of 15 such virtual
channel. Moreover, controller 214 can be set to process information in more
than one virtual channel, if desired. For example, the audio and video
portions of a movie can be sent simultaneously on different virtual
channels, possibly with soundtracks in different languages on different
virtual channels. 



Other uses of multiple virtual channels for a single subscriber can be 20
sequential in nature. For example, it may be desired to transmit different
sequences of program segments to different subscribers. To accomplish this,
the segments are sent over different virtual channels in the correct time
sequence, and the virtual channels corresponding to the sequence of
segments for a particular subscriber are enabled for that subscriber.
Transitions between segments are synchronized so that 25  at the end of one
segment the next begins. FIG. 3 is a flow chart showing the overall
operation of controller 214 on receipt of a packet from receiver 208. If
the "virtual channel" bytes indicate that such packet is a control message,
(block 302) and the address field in the control message indicate that the
message is intended for converter 200 (block 304). then 30  controller 214
performs the control function specified by the remaining contents of the
message (block 306). If the "virtual channel" bytes indicate that such
packet is part of a program channel, such as a channel carrying an encoded
and digitized video signal, and controller 214 is currently enabled to
receive from such channel (block 312), then controller 214 processes the
packet contents in accordance with the type 35 of program in such virtual
channel (block 310), sending data from the packet to the input buffer in
the appropriate output device, such as decoder 215, decoder 216 or    -8 -
output devices 220. Each packet in which the "polling address" bytes
indicate that converter 200 is being polled (block 312) causes such
converter to transmit an uplink message to the cable headend (block 314).
(The address in the "polling address" bytes is not 5 necessarily the same
as in the address field in a control message that may be included in the
same packet). This uplink message, typically no more than a few bytes, can 



contain control information or information entered manually by the
subscriber in one of manual input devices 218. Because this message is
initiated by a downlink message (from the headend to the converter) having
a polling address known at the 10  headend, this address can be associated
with the uplink message when received, and there is no need to identify the
source of uplink messages. Uplink messages can be used for a number of
purposes, particularly in interactive situations such as video shopping or
video games where a subscriber may be operating a manual input device 218
such as a keyboard, joystick or mouse. 15  Another important use for uplink
messages is initialization of a converter when first connected to the cable
system. The address of a particular converter can be preset, or set by
control messages from the headend in an initialization sequence. As
mentioned above, controller 214 can contain both RAM and ROM. The ROM
includes computer programs that can be permanently loaded, such as 20
initialization routines; whereas the RAM can be downloaded from the headend
by the use of control messages. Such downloading will typically occur when
a converter is first connected to the cable system or when programs must be
updated. Also, different programs for different purposes can be downloaded
in controller 214 at different times. Such downloading capability
eliminates the need for program- 25  loading capabilities at converter 200,
although such capability could be provided if desired. The usual mode of
operation of a device such as converter 200 is expected to be that the
virtual channels to be processed will be selected from the headend by means
of control messages as described above. However, those skilled 30  in the
art will realize that embodiments of the invention are possible in which
such selection is made directly at the subscriber's location, such as by
input from an input device 218 to controller 214. That is, the invention
can be used as nothing more than a way to augment the number of channels in
a cable system by allowing a subscriber to access the virtual channels in a
manner similar to that in which the subscriber 



35  accesses the conventional channels in a cable system.    -9 - Converter
200 forms a facility dedicated to the subscriber, and in many applications
it will be most convenient to have the functions of converter 200 performed
at the subscriber's location, as has been described. However, it is
possible, and may be desirable for some applications, to perform all or
part of such 5 functions at a central location, for example, at the cable
head end or in a telephone central office. Such an approach may permit
sharing some of the functions and reducing the amount of dedicated
equipment. However, for the kinds of applications presently contemplated,
such an approach requires at least some equipment dedicated to each
subscriber at the central location and dedicated channels from the 10
central location to the subscriber for at least one video signal and stereo
audio signals. In the case of a cable television system, such dedicated
channels can be virtual channels as described above and converter 200 at
the subscribers location can be simplified to receive and decode only such
dedicated channels. All the functions relating to channel selection can be
performed at the central location. 15            When a subscriber becomes
inactive, the equipment and channels reserved for such subscriber can be
reassigned to a new subscriber. Thus, dedicated equipment and channels are
needed only for the number of subscribers expected to be active
simultaneously. The invention has been shown and described with reference
to particular 20 embodiments. However, it will be understood by those
skilled in the art that various change may be made therein without
departing from the spirit and scope of the invention.  



What is claimed is: 1. A converter for use in a signal distribution system
having a plurality of distribution channels, at least one of said
distribution channels carrying digital signals in the form of a set of
packets, said set of packets being related to a set of virtual channels by
an identification of a virtual channel contained in each packet of the set
of packets, the remainder of said distribution channels carrying other
signals, which comprises: an input circuit for connecting said converter to
said signal distribution system, a first receiver connected to said input
circuit for receiving said channels carrying digital signals and retrieving
said packets, a first memory for storing the identity of one of said
virtual channels, means for comparing the virtual channel identifica- tion
in each retrieved packet with said stored iden- tity in said first memory
and for selecting those of said packets in which said virtual channel
identifi- cation matches said stored identity, means for decoding said
selected packets to generate a decoded signal, a second memory for storing
the identity of one of said distribution channels carrying other signals, a
second receiver connected to said input circuit for 



receiving said other signal in the distribution chan- nel whose identity is
stored in said second memory, means for selecting between and/or combining
said other signal from said second receiver and the decoded signal from
said decoding means, an output circuit for connecting said converter to a
receiver, means for connecting said input circuit to said output circuit
and blocking at least one of distribution channels carrying digital signals
without affecting said distribution channels carrying other signals, and
means connected to said combining means and said output circuit for
inserting the output of said select- ing and/or combining means into said
output cir- cuit in one of said blocked distribution channels. 2. The
converter of claim 1 wherein said digital sig- nals are carried on more
than one distribution channel and wherein said converter further comprises:
-   11  - a third memory for storing the identity of one of said
distribution channels carrying digital signals, and wherein said first
receiver is adapted to receive digital signals from said distribution
channel whose identity is stored in said third memory. 



3. The converter of claim 2 wherein each said packet contains the address
of a converter and the packets in at least one of said virtual channels are
control packets containing control information and wherein said con- verter
further comprises: means for storing an address assigned to said con-
verter, means for comparing the converter address in each said control
packet with said assigned address in said address storage means and, means
for performing the function specified in said control packet if the address
in said control packet matches said assigned address. 4. The converter of
claim 3 wherein certain of said control packets contain the identity of a
channel to be received and wherein said means for performing further
comprises: means for storing said channel identifies for virtual channels
in said first memory, said channel identi- ties for distribution channels
carrying other signals in said second memory and said channel identities
for distribution channels carrying digital signals in said third memory. 5.
The converter of claim 1 wherein said signal distri- bution system is a
cable television system, said other signals are television signals and the
output of said sec- ond receiver is a television signal, said digital
signals in at least one of said virtual channels represent a com- 



pressed and encoded video signal and said digital signals in at least one
other of said virtual channels represent at least one compressed and
encoded audio signal, wherein said means for decoding further comprises: a
first decoder for decoding said digital signals repre- senting a compressed
and encoded video signal to substantially recover the underlying video
signal, and a second decoder for decoding said digital signals representing
at least one compressed and encoded audio signal, the output of said first
decoder and    - 12 - said second decoder being connected to said means for
selecting and/or combining. 6. The converter of claim 5 which further
comprises: means for generating one or more video overlay signals, and
wherein said selecting and/or combining means is adapted to select among
and/or combine the television signals from said second receiver and said
decoder and said one or more video overlay signals. 7. The converter of
claim 6 wherein said video over- lay signals and the video portion of said
television signal from said decoder are digital representations of pixels 



and which further comprises: means for converting the television signal
from said second receiver into a digital representation of pixels and
wherein said selecting and/or combining means is adapted to perform its
function on a pixel-by-pixel 8. The converter of claim 1 wherein said
digital sig- nals in at least one of said virtual channels represent one or
more compressed and encoded audio signals and wherein said means for
decoding further comprises: a second decoder for decoding said digital
signals representing one or more compressed and encoded audio signals to
substantially recover the underly- ing audio signals and an audio output
circuit connected to said second decoder for providing said recovered audio
signals to utilizing means.    


