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BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to video-on-demand and digital broadcast technology.
In particular, the present invention teaches methods and systems for providing fuil digitzl
services such as VOD, digital broadcast, and Hme shifting from any broadeasting medium,

as well as a universal set-top-box (STB) capable of handling this variety of digital services.
BACKGROUND OF THE TNVENTION

A variety of mechanisns ate available for encoding agd iransmitting digital data.
For example, the International Orgenization for Standerdizafion (or the Organisation
Internationaie De Normalisation) thereinafter referred to as "the ISO/IEC") has produced a
standard (MPEG-2) for the coding of moving pictures and associated audio. Due to the
ubiquity of MPEG-2 und its relevance to the present invenBon. some preliminary

discussion is nseful.

The ISO/AEC MPEG-2 standurd is set forth in four documents. The document
ISO/IEC I13818-1 {systemns) specifies the system coding of the specification. It defines a
raultiplexed structure for combining andio and video data and means of representing the
timing infermation needed to replay synchronized sequences in real-time. The document
ISO/IEC 13318-2 {video} specifies the coded representation of video data and the decoding
process required to reconstruct pietures. The document [SO/IEC 13813-3 {audio) specifics
the coded representation of audic data and the decoding process vequiced to reconstruct the
audio data. Lastly, the document ISG/TEC 13818-4 (conformance) specifies procedures for
determining the characteristics of coded bitstreams and for testing compliance with the
requixements set forth in the [SOIEC documents 13818-1, 13818-2, and 13818-3. These

four documents (eollectively “the MPEG-2 standard") are incorporated herein by reference.

In the coniext of digital broadeast systems, a bit stream, multiplexed in accordance
with the MPEG-2 standard, j3 & "transport sweam” eonstructed from “packerized
elementary siceam” {or PES) packets and packels containing other necessary information.
A “"pucketized clementary siream” (or PES) packet is a dala structure used to carry
"elementary stream data.” An "clementary stream” is & generic term for one of (a) coded

video, {b) coded audio, or (¢} other caded bit streams carried in a sequence of PES packets

JP 2004-501557 A 2004.1.15
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with one and only streamt ID. Transport streams support multiplexing of video and audia

compresscd streams from one progrant with a common time base.

PRIOR. ART FIG. 1 illustrates the packelizing of compressed video data 106 of a
video seguence 102 mto g stream of PES packers 108, and then, o a stream of transport
siream packets 112, Specificelly, a video sequence 102 includes various headers 104 and
associated compressed video data 106, The video sequence 102 is parsed inte variable
length segments, cach having an associated PES packet header [10 to form a PES packet
strearn 108, The PES packet strearn 108 is then pacsed inie segments, euch of which is
provided with 4 trunsport stream header 114 to form a transport stream 112, Ench transport
stream packet of the transport stream 112 is 188 bytes in length.

Transport streams pertiit one or mere programs with one or more independent time
bases to be combined into a single stream. Transport streams are useful in instances where
daty storage andfer transport means are nessy. The rate of transport sircamns, and their
constituent packetized elementary stremmns (PESs) may be fixed or variable. This rate is
defined by values and locations of program cleck reference (or PCER) fields within the

transport stream.

A PES pucket, as defined in the MPEG-2 standard, includes a PES packet header
comprizsing a 24 bit start code prefix field, an eight (3) bit stream identifier ficld, a sixieen
(16} bit PES packet length field, an optional PES heuder, and the payload or dats section
706. Each of these fields is deseribed in the MPEG-2 standard.

The MPEG-2 standard focuses on the encoding and transport of video and audio
data. Ia general, the MPEG-2 standard uses compression algorithms such that video and

audip data may be more sfficiently stored and communicated.

PRIOR ART FIG. 2 js a block schematic showing a digital broadcast system. 200
including 2 digital broadcast server 202 and a set-top-box 204 suitable for processing
digital broadcast data. FIG. 2 illustrates not enly the compoenenis of the system but also the
process flow of encoding, communicating (from the digital broadcast server 202 to the set-
top-box 204), and decoding video and audic datz in accordance with the MPEG-2
standard. As can be seen, in the Lypical prior art broadvast method, the MPEG-2 transpost

stream is used in a streaming manner.

Al the digital broadcast scover 202, video data is provided to & video encader 206
which encodes the video data in accordance with the MPEG-2 standard {specified in the
document ISC/TEC 13818-2). The video encoder 206 provides encoded video 208 to a

JP 2004-501557 A 2004.1.15
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packetizer 210 which packetizes the encoded video 208. The packetized encoded video
212 provided by the packetizer 210 is then provided to a transport stream multipiexer 214,

Shmilacly, at the digital broadcast server 202, audio datu is provided to an audio
encoder 214 which cncodes the andio daia in accordance with the MPEG-Z standard
(spevified o the docoment [SOAEC 13818-3). The audio encoder 214 provides encoded
audio 218 to a packetizer 220 which packetizes the encoded andio 218. The packetized
encoded audio 222 provided by the packetizer 220 is then provided to the transport stream
muitiplexer Z14.

Ihe tramsport strearn multiplexer 214 multiplexes the encoded audio and video
packets and transmits the resulting multiplexed streumn o a set-top-box 204 via distribution
infrastructure 224. This distribution infrastructure 224 may be, for example, a telephone
network andfor a cable TV (CATV) system, employing optical fiber and implementing
asyuchronous transfer mode (ATM) transmission protocels. At the set-top-box 204, on a
remote end of the distribution infrastmetuce 224, a trapsport stream dentultipleser 230
receives the multiplexed transport sweam. Based on the packet identification number of a
particular packet, the transpoit stream demultiplexer 230 separates the encaded audic and
videa packets and provides the video packets to a video decoder 232 via link 238 and the
audia packets to an audio deceder 236 via link 240

The transport stream demultiplexer 230 also provides timing information to a clock
conwol unit 236, The clock courol unit 236 provides timing outputs to the both the video
decoder 232 and the audio decoder 236 based on the timing information provided by the
transpert stream demuhiplexer 230 (c.g., based on the values of PCR fields). The video
decoder 232 provides video data which correspends to the video data origmally provided
to the video encoder 206. Similarly, the audio decoder 236 provides audio dota which
correspends 1o the audio data originally provided re the audic encoder 216,

In a conventional VOD architecturs, a server or a network of servers communicates
with clients in a standard hierarchical clicni-server medel. For cxample, a clicnt sends a
request to a server for & data file {e.g., a video data file}. In response to the client request,
the server sends the yequested data file (o the client. In the standard client-server model,
one or mare servers can fulfill a client's request for a data file. The client may have the
capability to sters any received data file Locally in non-veolatile memory for later use. The
standard  client-server model requires a two-way communications infrastructare.
Currently, two-way communications require building new infrastructure because existing
cables can only provide one-way communications. Examples of two-way communications

infrastrueture are hybrid fiber optics coaxial cables (HFC) or all fiber infrastruciure.
3
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Replacing eilsting cables is very costly and the resulting services may not be affordable to

mOSt USCrs.

PRIOR ART FIG. 3 shows a simplified functional block diagram of a VOD system
300. At the heart of the system is the video server 310 which rowtes the digital movies,
resident in the movie storage systern 312, te the disuibution infrastructare 314, This
distribution infrastructure 314 may be, for example, a telephone network andfor a cable TV
{CATV) system, employing optical fiber and implementing asynclirenous transfer mode
{ATM) transmission protocels. The distribution infrastructure 314 delivers movies to

individual homes based on the routing information supplied by the video server 310.

The VOD system 300 ulso includes 2 plurslity of VOD STE 304 suitable for
processing VOD in the VOD system 300. Each STB 304 receives and decodes a digital
movie and eonverts it to a signal for display on a TV set or monitor. in additvon, the
distribution infrastructure 314 includes a “back channel” through which a viewer orders
and contrels the playiag of the digital movies. The back chaniel routes commands from
the VOO STB 304 back to the video server 310 via the distribution network 314, The
primary function of the video server 310 is 10 route comprassed digital video streams from

their storage location to the requesting viewers.

As the above discussion rellects, ne prior approach provides both VOD and digital
broadeast within a single system. Instead, the prior approzches are limited by a variety of
factors, One key limiting factor ia the prior et using the MPEG-2 transport strearn in the
streaming  manner. Additionaily, prior art VOD systems require bi-directional
comnunication links in order to operate. Tt is desirable to provide a system that is capable
of providing digital broadeast and on-demand services te a large nuinber of clients over
virtually any wransmission medium without replacing existing mérastructure, Whar is also
needed s 4 way to provide viewing options for vicwers such as multipls broadcasts and
virtual VCR time-shifting features such as pausing, recerding, and freeze framing a
broadcast without suffering the volatility and poor quality of an Inteinet streaming
broadeast. T is forther desirable to provide this functionality via a uni-direetional

communication link.
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SUMMARY OF THE INVENTICN

The present invention teaches methods and systems for providing full digitat
services such as VOD, digital broadcast, and time shifting from any broadeasting medinnm,
as well as & universal sel-lop-bax (STB) capable of handling this variety of digital services.

A first embodiment of the present invention teaches a universal broadeast system
providing full digital serviees ¥ia o uni-dirgctional communications link over a plurality of
chaunels, These chaonels are suitable for providing one of VOD or digital broadcast.

-Other channels may be used for other purposes, hence the present invention docs not

preclude additional services.

The universal hroadeast system includes digital broadeast cireuitry suitable for
transmitting digital broadcast data over 2 first channel of the wniversal broadeast system.
The digital broadcast cirenitry includes multiple digitsl broadcast data sources providing
data intended for broadcast aver the first channsl, a plurality of digital data encoders, a first
duta merger device, a [1rst channel server und a first channel up converter. The digital data
eicoders are ¢ach coupled to & cortespending unigue one of the data sources and are
operable to encode roceived data into & digital program sirearn format. The first data
merger device is coupled (o the digital data encoders and is operable to merge data

received in a digital program stream format into first merged digital stream data.

The first channel server is coupled to the data merger device and is operable to
generate a first modulated intermediate frequency signal from the first merged digical
stream datg, The first up converter device is coupled to (he first channel server and is
operable to convert the first modolated nermediate frequency signal into a first radio

frequency signal.

The universal broadeast system further includes a combiner amplifier coupled to
the first channel circuitry. The combiner amplifier is operable to amplify, condition and
combine received radjo frequency signals such as the first radio frequency signal. The
output of the combiner amplifier s suitable to deliver the many chanels of the universal
broadeast system #eross a umi-directional comnmunications medivm,

Accarding to another embodiment of the present invention, the universal broadeast
systern is further adapted to provide on-demand data through a second channel. This is
accomplished through a central controlling server, 4 central sturage device storing data
intended for on-demand data provision, and data-on-demand circuitry for the second
channel The data-on-demand circuitry includes a second channel server having a second
chappel server CPU, local mmemoty, a medulator, and a netwark interface. The second

5
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chaunel server operable to generate a second modulated intermediate frequency signal

from digital data stored in the local memory.

The data-on-demand circuitry fusther includes a second channel up converter
device coupled to the second channel server, the second up converter device operable to
canvert the second medulated intermediate frequency signal into a second radio frequency

signal provided to the combingr amplifier,

The central controlling server may be ubilized to select the second channel and
calculate a delivery matrix for transmitting data files stored on the central storage device
on the second channel. The second central control server is further operable to provide
offline addilion, deletion, and update of data file information at the second controlling

SEIVEs.

One aspect of the present invention tezches a computer implemented unjversal data
broadcast method suitable for transmitting within one broadecast system digital broadcast
data within one chavnel and data-on-demand in another channel. This method incdudes
providing a first channel server suitable for the transmission of digital broadcust data via a
(st channel, providiog a second channel server svitable for the transmission of data-on-
demand via a second channel. Prior to data broadcasi, the method further teaches

preparing a first channel server for the transmission of data-on-demand information,

transimitting an eleetronic program guids including information indicating that the first
chanael confains degital broadeast data, the electronic program guide further indicating that
the second channel contains on-demand data, and combining and transmilting datz from

the first channel and the second channel.
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EBRIEE DESCRIPTICN OF THE DRAWINGS

PRIOR ART FIG. [ illustratcs pictorially the packetizing of compressed
video duta into a stream of puckets and a stream of wanspert packets.
PRIOR ART FIG. 2 illustrates by block diagram a systern according to (he
3 MPEG-2 standard.
PRIOR ART FIG. 3 illustrates a simplified functional biock diagram of 2
WVOD system. !
FIG. 4 iz a block diagram of 2 digital broadeast server in accordance with
one embodiment of the present invention.
1] FIG. 5 is a block diagram of a VOD server in accordance with yet another
embodument of the present invention.
FIG. 6 is a block disgram of a universal digital data server in accordance
with another embodiment of the present invention.

FIG. 7 is a block diagram of a channel server suitable for use in transmitting

L5 VOD data in accordance with onc embodiment of the present invention.

FIF. 8 is 2 block diagram showing the hardware architecturs of a universal

STB in accordance with yet another embodimeni of the present invention.
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DEFAILED DESCRIPTION OF THE INVENTION

In the tollowing detziled description of the embodiments, reference is made to the
drawings that accompany and that are a part of the embodiments. The drawings show, by
way of illustration. specific embodiments in which the invention may be practiced. Those
embodiments are deseribed in sufficient detail to enuble those skilled in the ait to practice
the invention and it is to be understood that other embodiments may be utilized and that
structursl, Iogical, and elecirical changes as well as other modifications may be made

without depariing from the spirit und scope of the preseat inventicn.

The present invention icaches methods and systems for providing [ull digital
services such as VOD, digital broadcast, as well a8 4 upiversal set-top-box (§18) capabls
of handling this variety of digital services. A plurality of hardware architectures and
complimentary data transmission methods identfying the distinet services through an
electronic program guide enable such transmission. The universal STB of the present
mvention i capable of distinguishing the different services based upon information
received in the clectronic program guide, and is designed with a unique hardware
architecture including a large buffer. The present invention further provides viewing
opticns such as muliiple broadcasis and virtnal VCR time-shifting features including
pansing, tecording, and freeze framing a broadeast without suffering the volatility and poer
quality of an Internet streamning broadcast.  Stll further, this vadety of digital services is

provided via a uni-directional conmunication link.

Discussion of the broadcast sorver will begin with FIG. 4 illustrating a digital
broadeast server suitable for peoviding digital broadeast programming in accordapce with
the prescnt invention.  Turning next ta FIG. 5, a VOD server in accordance with another
embudiment of the present invention will be described. In FIG. 6, a universal broadeast
server providing for multiple chamnels of digitat broadcast and VOD wili be described.
Then with reference to FIG. 7, a channel server suitable for VOD transmission will be

described.

Turing dicectly to FIG. 4, a single channel portion of a digital broadeast server 400
includes » plurality of video sources 402, a plurality of digital data encoders 404, a data
merger device 408, & channel sorver 410, an up converter 412 and a combiner anplifier
414, The video sources 402 may provide analog video data (e.g., from a camera, VCR, TV
program) or digital video data (e.g., MPEG file, MPEG transpert stream). The digital data
encoders 404 are each typically an MPEG cncoder/converter hardware device, although

8
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other encoding standards are wvailabie, and the encoding may be acecomplished in software.
The MPEG prograin strcam ontput of the digital data encoders 404 is provided to
the data merger device 408 for generation of a combined Juta sireamn 416, The data merger
device 408 cun take on any suitable form for the pacticulur application. For example, the
data merger device 408 may be un Ethernet switch if digital duta encoders 404 output and
the channel server 410 input are Ethernet compatible. The data merger device 408 may

likewise be implemented within a computer system having a suitable interface.

The channel server 410 operates op the combined data stream 416 to generate an
output 418 consisting of packets having sup-blocks and blocks. In a preferred embodiment,
the bleck number will be increased sequentially and finzlly wrap back to zero (0) when the
32-bit, G4-bit wide or larger block number is full (i.e., 21, 21 or 21). Each packet
generated by the channel scrver 410 will incinde a corresponding ProgramlD.  This
ProgramIl? will enuble a universal STH to later defermine the nature of the received data

packet, 2., digital broadeast data or en-derand data,

In preferied embodiments of the present invention, each data merger device 408
and associated channel server 410 are fabwicated within a single device 406. However,

these devices may be manufactured as separate devices.

FLG. 5 illustrates the architecture for a VOD sérver 430 in accordance with one
embodiment of the present invention. The YOI server 450 includes 2 plavality of channel
servers 411, a plogality of up converters 412 each comesponding te a chunnel server 411, a
combiner amplifier 4 {4, a ::cmral':ontralliug server 502, and a central storage 504, coupled
as ilustrated through a data bus 506, As will be described immediately below, the central
controlling seever 502 controls off-line operation of the channel servers 411, as well as
initialing reul-lime {ransmission once ihe chanmel servers 411 are rcady. The central

storage 504 stores data files in digital format.

In an exemplary embodiment, data files stored in the central storage 504 are
aceeysible via a standard network iplerface (e.g., Ethernet connection} by any authorized
computer, such as the central controlling server 502, comnecled tfo the network. The
channel servers 411 provide data files that arc rctrieved frem the central storage 504 in
accordance with instructions from the central controlling server 502. The retrieval of
digital data and the scheduling of transmission of the digital data for VOD is performed
“oft-line” to fully prepare each channe} server 411 for real-time data (ranstission. Each
charmnel server 411 informs the central controlling server 502 when ready to provide VO,

at which pofut the central controlling server 502 can control the channel servers 411 o

g
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begin YOD wansmission.

In an preferred embodiment, the cestral contrelling server 502 includes & graphics
user interface (nol shown) to enable a service provider to schedule data delivery by u drag-
and-drop operation. Further, the central controlling server 502 authenticares and controls
the channel servers 410 to start or stop according to delivery matrices. Systems and
methads for providing uni-direetional YOI broadeast matrices are taught in Khoi Hoang’s
patent applization entitled SYSTEMS AND METHODS FOR PROVIDING VIDEO ON DEMaND
SERVICES FOR BROARCASTING Sys1EMs filed on May 31, 2000, bearing applicalion serial
number 09/584,832, which is incorporated herein by reference.

The central controlling server 302 automatically selects a cbannel and calculates
delivery mairices for transmitting data files in the selected channel. The central centrolling
server 502 provides offline addition, deletion, and update of dats file information (2.2,
duration, category, rating, and/or brief description). Furiber, the central controlling server
502 controls the central storage 504 by vpdating data files and databases stored thexein.

Euch chanuel server 41§ is sssigned to a channel and is coupled to un up-converter
412, The vutput of each channcl server 411 is a quadvaturc amplitude moduladon (QAM)
modulated intcrmediate frequency (JF) signal having a suitable frequency for the
corresponding up-converter 412, The QAM-medulated IF signals are dependent npon
adupted standards. The current adopied stundanl in the United States is the data-over-
cable-systems-interface-specification  (DOCSIS)  standard,  which  requires an
approximately 43.75MHz IF frequency. A prefemed channel server 411 is described below

in more detail with reference to FIG. 7.

The up-converters 412 convert TF signals received from the chansel servers 104 to
radio frequency signals (RF signals). The RF signals, which include frequency and
bandwidth, are dependent on a desired channe! and adopted standards. For example, under
the curzent standard in the United States for & cable tejevision channel 88, the RF signal
has & [requency of approximately 559.25WHz and a bandwidth of approximately 6MHz.

The outputs of the up-converters 412 are applied to the combinerfaroplifier 414
The combinerfamplifier 414 amplifics, conditicos, and combinss the mecived BRI signals

then outpuls the signals oat to a transmission medium.

FIG. & illustrates a wniversal broadcast server 500 in accordance with an
emhodiment of the invention. The universzl broadeast server 500 provides both on-
demand and digital data broadeasting in a single broadeast server system. The universal

broadeast server 500 includes a plurality of video sources 402, 2 pluralicy of digital data

10
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encoders 404, a pluralicy of digital broadeast devices 406 each having a data merger device

408 and a channel server 410, a plurality of chanusl servers 411, a plusality of up
converters 412, a combiner amplifier 414, a central controlling server 502, and a central
storage 504, coupled as illustrated through a data bus 506.

The central controlling server 500 comtrols date merger devices 408, and the
channel servers 410 and 411, Tt will be appreciated that the digital broadeast is pecformed
in real-time through merger of streaming program data, while the YOD service includes
off-line preparation of the chunnel secvers 411, [o this way, the universal broadcast system,
500 provides full digital services such as VOD and digital broadcast.

F’IG 7 illustrates an exemplary channel server 411 in accordance with an
embodiment of the invention, The channcl scrver 411 comprises a CPU 550, a QAM
modulator 552, a local memory 354, and & network interface 556, The server controller
602 controly the overall operation of the channel server 411 by instructing the CFU 55¢ o
divide data [lles into blocks (further nto sub-blocks and data packets), In the case of dara-
on-demand services, selecting data blocks for fransmissior in aceerdance with a delivery
mairix provided by the central eontrolling scrver 502, encode selected data, compress
encaded data, then delivers compressed data to the QAM modulaior 552.

The QAM medulator $32 receives data {o be transmitted via a bus {i.e., PCI, CPU
local bus) or Ethernel connections. In an exemplary embodiment, the QAM modulator 552
may inelude a downstream QAM modulator, an upstream quadrature amplitude
modulation/quadrature phase shift keying (QAM/QPSK) burst demodulator with forward
error correction decoder, and/or an upstreanm wner. The output of the QAM moduiztor 552
is an IF signal that can be applied directly fo an up-converter 412,

The petwork inlerface 556 connects the channel server 411 to other channel servers
411 angd to the cenirad controlling server 502 to execute the scheduling and controlling
msiructions from the central controlling scrver 502, reporting status back to the central
controlling server 502, and reeciving datz files from the cenival storage 504. Any data file
retrieved [rom the central storage 304 can be stored in the local memory 554 of the channel
server 411 before the data file 15 processed in accordance with insumctions from the server
controfler 502. In an exemplary embodiment. the channel server 411 may send ene or more
DOD data streams depending on the bandwidth of a cable chaonel (e.z, 6,6.5, ar 8MHz),
GAM modulation (e.g., QAM 64 or QAM 256), and a compressien standard/bit rate of the
DOD data stieam (&.g.. MPEG-1 or MPEG-2).

A number of digital programs can be broadeast in an analog channel depending on

11
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the channcl bandwidth, the modulation scheme and (he required program hit-rate (MPEG).
For example, io a 6MHz CATVY chaonel using QAMG4, the channel maximum throughput
is 27Mbfs. If the required bit rate is 2Mby/s, thearetically 13 digital programs can be sent
over one analog channcl. The actual nomber js smaller becanse of protocol overhesd.

FIG. 8§ Ulustrates & universal STB 600 in accordance witk one embodiment of the
invention. The STB 600 comprises a QAM demedulater 602, a CPU 604, a local memory
608, & buffer memory 610, a decoder 512 baving video and audio decoding capabilities, a
graphics overlay module 614, a user interface 618, a communications link 620, and a fast
data bus 22 coupling these dovices as illustrated. The CPU 602 controls overall operation
of the universal §1B 600 in order to select data in response to & client’s request, decode
selected data, decornpress decoded data, re-assenble decoded data, store decoded data in
the lacal memory 608 or the buffer memory 610, and deliver stored data to the decoder
612, In an exemplary embodiment, the local memoery 608 comprises non-volatile memaory
(e.g., a hard drive) and the bufter memory 610 comprises volatile memory.

In ane cmpodiment, the QAM demadulator 602 comprises transmitter and receiver
moduies and one or more of the following: privacy encryption/decryption module,
forward crror correction decoder/encoder, tuner control, downstrcam and upsiream
processars, CPU and memory interface circuits. The QAM demodulator 602 receives
modulated 0F signals, samples and demodulates the signals to restore data.

Ip un exemplary embediment, when access is granted, the decoder 612 decodes at
least ane datz block to transforrn the data block into images displayable on an output
screen. The decoder 642 supports commands from a subscribing ciient, sach as play, stop,
paust:, step, rewind, forward, etc. The decoder 612 provides decoded data to an ourpur
device 624 for use by the client. The output device 624 may be any suitable device such as
a felevision, computer, any appropriate display monitor, a VCR, or the like.

The graphics overlay module 614 enhances displayed graphics guality by, for
example, providing alpha blending or picture-in-picture capabilifies. In an exemplary
embadiment, the graphics overlay module 614 can be used for graphies acceloration during
game playing made, for example, when the service provider provides games-on-deimand
services using the system in accordanee with the jnvention.

The user interface 618 enable user operation of the STB 608, and may be any
suitahle device such as 2 remotc confrol device, a keyboard, a smartcard, etc. The
communieations link 62¢ provides an additional commurications connection. This may be
coupled to another computer, or may be used to implement bi-directional communication.
The data bus §22 is preferably a coownercially available “fast™ data bus suitable for

performing data comrunications In a ieal time manmer as required by the present

12
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invention. Suitable examples are USB, firewire, ete.

[n an exemplary embodiment, although data files arc broadeast 1o all ¢able
television subscribers, only the DOD subseriber who has a compatible STB 600 wilf be
able w decode wnd enjoy dats-on-demand services. In one excmplary embodiment,
perinission to obtain data files on demand can be obtained via a smart card system in the
user interface 618, A smart card may be rechargesble at a local store or vending machine
setup by a service provider. In another exemplary embodiment, a flat fee system provides
a subscriber unlimited accoss to all available data files.

In preferred embodiments, data-op-demund interactive features permit a client w
select at any time an available data file. The amount of Gme between when a client presses
a select button and the time the selected data file begins playing is referred to as a response
time. As more resources arc allocated (c.g., bandwidih, server capability) (o provide DOD
sorvices, the respomse time gets shorter. In an exemplary embodiment, a response time can
be determined based om an cvaluation of resource allecation and desired quality of service.

The foregoing examples illustrate certain exemplary embodiments of the inveniion
from which other embodiments, vasiations, and modifications will be apparent 1o those
skilled in the art. The iovention should therefore not be limited to the particufar
embodiments discussed above, but rather is defloed by the following clsims,
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CLAIMS:

1.A universal broadeast system providing full digital services via a uni-directional
communications link over a phrality of chanpels, each of said changels providing ons of

VOD or digital broadcast , said universal broadeast system comprising:

first digital broadeast circuity for a first channel of said wniversal broadcast
system, said {irst channel being 2 digitzl broadcast channel, said fieat digital broadeast
cirenitry including:
2 plurality of first digital broadcast data sources each providing data
intended for broadeast {n a digital broadesst mode over said first channel;

a plurality of digital data encoders each coupled to a corresponding unique
one of said plorality of data sotrees, each of said digital data cocoders aperable to

encode received data into a digital program siream format;

a first data merger device coupled to said phirality of digital data enceders,
said data merger device operable to merge date received in a digital program stream

format (oo first merged digital stream data,

a first channel server coupled to said data merger device, said ficse channel
scrver operable to gencrate a first modulated intermedjate frequency signal from
said first merged digital strean data;

a first up converter device coupled to said first chanrel server, said first up
converter device operable to convert said first modulated intermediate frequency
signal inio a tirst radio frequency signal; end
a combiner anplifier coupled to said first channel cirouitry, suid combiner amplifier

aperable 1o amplify, condition and combine veceived radio frequency signals such as said
first radio frequency signal, said output of said combiner amplifier suitable to deliver said

plurality of channels across a uni-directional communications medium.

2.A universal broadcast system as recrted in claim 1, wherein at Jeast ove of said
Plurality of first digital broadeast sources is an analog video source,
3 A universal broadeast system as recited i claim 2. wherein said analog video

source is an analog video camera.

4. A universal broadezst system as recited in claim 2, wherein said analeg video

source is an anafog video cassette recorder.
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5.4 universal broadeast system as recited in claio 2, wherein suid analog video

source is television program source.

6. A universal broadeast system: as recifed in claim 1, wherein at least une of said

plurality of first digital broadcast sources is an digital video source.

7.A universal breadeast system as recited in elaim 6, wherein said digita] video
source is an MPEG data file.

8.A universal broadcast system. as recited in claim 6, whersin said digital video

source 13 an MPEG transpori. stream.

9.A universal browdcast system as recited in claim 1, wherein at Joast one of said

pluratity of digital dala encoders is an MPEG cncoder.

10. A universal broadeast system as recited in clpim 1 wherein satd  first

data merger device and said first channel server are fabricated as a single device.

1. A universal broadeast system as recited in claim [ wherein said firs
digitat broadcast circuitry is one of a plurality of digital breadeast cirenitry for a portion of

sajd plurality of channcls of said universal broadcasts system.

12. A untversal broadcast system as recited in claim 1, said universu)

broadeast systera further comprising:
a central controlling server;
a central storage device stormg data mtended for on-demand data provision;

first data-on-demand circuitry for a second chanoel of said universal broadcast

system, said second channel being & data-on-demand chanmel, said first duia-on-demand
circuitry including:

a second channct server having a second chammel sevver CPU, local

memory, a modulator, and a network intesface, said second channel server operable

to generate a second modulated intermediate frequency signal from digilal data

stored in said local memory; and

& second channel up converter device coupled 1o said second channel server,
sud second up converter device operable to convert said second modulated
intermediate frequency signal into 4 second radio frequency signal provided to said
combiner amplifier.

13. A umiversal broadeast systent as recited jo claim 12, wherein said
centra} controlling server is operable (o select said second cfhzmncl and calculate @ delivery

5
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tatrix for transmitting data files stored on said central siorage device on said second
channel.

14, A universal broadcast system as recited in claim 13, wherein said

ceniral control server is further operable to provide offline addition, deletion, and update of
data file information at said second controlling sarver.

13 A universal broadeast system as recited o cluim 12 wherein said centrel

control sexver ranages files stored op sald ceniral storage device,

16. A universal broadeast systam providing full dipital services via a uni-
directional communications link over s plurality of channels, cach of said channels

providing one of VO or digital breadeast , satd universal broadcast system camprising:

first digital broadcast circuitry for a first channel of sald unjversal broadcast
system, said flst channel beng o digital broadcast channel, sald firse digiwd broadeast

circuitry including:
a plorality of first digival broadeast dam sources each prowiding data

intended for broadiast in a digital broadcast mode over said first channed;

a plurality of digital data encoders such coupled 10 a comesponding unique
ane of said plurality of data sourees, cach of =afd digital data encoders operable to

cneode received data into a digital program stream formar;

a first data merger device eoupled to said phaality of digital data cacoeders,
said data merger device operable to merge data receivet in 4 digital program stream

format into ficst merged digital stream data;

a first channcl server coupled to said data merger device, said first channel
sepver operable to generate a first rocdulated intermediate frequency sipnal from

said first merged digital stream data;

a firsl up converter device coupled to said first channel server, suid first up
converter device operable to convert said first modulated intermediate frequency

signal into a first radie frequency signal; and

a combiner amplifier coupled to said first channel circuitry, said combiner amptifier
operable to anplify, condition and combine receivad radic frequency simnals such as satd
first radia frequency signal, said output of said combiner amplifier suitable to deliver said

pluralily of channels acress a uni-directional communications medium.

a central controlling server;

16
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a cenlral storage device storing data intended tor on-demand data provision;
first data-on-demand circuitry for 4 second channel of said universal browdcast
system, said sceond chennel heing a data-on-demand channel, said first data-on-demand
circuitry inchiding:
a second chanpel server having a second channel server CPU, local
memery, a modulator, and a neiwork interface, said first channel sorver operable to
generate a second moduiated intermediate frequency signal from digital dets stored

in said local memory; and

a second channsl up converter device coupled to said second chanuel server, said
second up converter device cperable 1o convert said second modulated lennediats

frequency signal futo a second radio frequency sipnal provided to said combincr amplifier.

17. A universal broadeast system as recited tn claim 16 wherein said  first

<utu merger device and said first channel scrver are fabricated as a single device.

18. A universal broadcast system as recited in claim 18 wherein said first
digital broadeast cireuitry is one of a plursfity of digital broadcast cirenitry for a portion of

said pluralify of channels of said universal broadeasts system.

19. A tndversal broadeast system as recited in claim 16, whersin said
central contreiling server is operable o select said second channel and calculate a delivery
martix for tansmitting data files stored on said ceniral storage device on said second

channel.

20, A universal broadeast system as recited i claim 19, wherein said
central control sevver s further operable o provide offline addition, deletion, and update of

data file information at said secend contrelling seover.

21. A universal broadcast systern as recited in claim 16 wherein said central

control server manages files stored on sald central storage device.

20, A universal broadeast system providing full digital services via a uni-
direetional communications link aver a plurality of channels, sach of suid channels
providing one of VOD or digital broadeast, said universal broadcast system comprising:

a pluality of digital broadeast circnitry one each for & corresponding portion of
said plurality of channels of said universal broadcast systein each being a digital broadcast
channel, cach of said digital broadeast cireuitry operable to generate digital broadeast data

aver a correspending channgl;

a central countrolling server;
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a central storage device storing data intended for on-demand data provision;

aplurality of data-on-demand cireuitry for 4 corresponding pottion of said pluralicy
of channels of said universal broadeast system each being & data-on-demand chunnel, ¢ach
of said data-on-dernand circuitry operable te gemeraic on-demand data over a
coresponding chaonel, each data-on~demand circuitry inchuding a comesponding chanmel
server having a channel server CPU, local memory, a modulator, and a network interface,
wherein said central conteoliing server is operable to select « particular dara-on-demand
channel and calculate a delivery matrix for transmitting duta files stored on said central
slorage device on said data-on-demand channel, provide offline addition, delction, and
update of data file information at said second controlling scrver.

23. A compliter inplemented universal data broudeast method comprising
the acty of: ‘

providing a first chaunel server suitable fur the transmission of digital broadcast
data via a fivst channel;

providing a second channel servar suitable for the transmission of data-on-demand
via 4 second charnel;

prioe 10 data broadcast, preparing a first channel server for the transmission of data-
en-demand information;

transmitting an electronie program guids including information indicating that said
fiest channel comtaing digital broadcast data, said electronic program guide further

indicating that said sccond channel coutains en -demand date; and

combining snd ransmitting data from said first changel and siwid second channel,
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