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5. Dispositif selon l‘une quelconque des revendications

précédentes, caractérisé en ce que des movens sont prévus pour

numériser iedit signal source préalablement a son inscription sur ledit

support.

6. Dispositif selon la revendication 5. caractérisé en ce que

lesdites tétes sont des tétes magnétiques munies d'entrefers.

7. Dispositif selon la revendication 5, caractérisé en ce que

lesdites tetes at iedit support formant un systems d'écriture-lecture de

type magneto-optique.

8. Dispositif selon i'une quelconque des revendications 1 at 2,

oaractérisé en ce oue ladite mérnoire tampon est une mémoire a acces

aleatoire gérée par microprocesseur.

9. Dispositif seion la revendication 8. caractérisé en ce que les

signaux représentatifs desdites images sont soumis 3 un traitement de

compression préalablernent a leur écriture dans ladite mémoire et en ce

que les signaux resultant de la lecture de ladite rnérnoire subissent un

traitement inverse avant d'étre appliuués auxdits mavens d'affichage.

10. Dispositif selon la revendication 8, caractérisé an ce que

Padressage en écriture de ladite memoire est incrementé image par image

ainsi que Padressage en lecture; l'écart entre les adresses d'écrirure Et

de lecture étant rnodifié de plusieurs unites pour changer Ia vaieur dudit

différé dans un sens et ensuite dans le sens inverse, unite par unité, 3

une cadence sous-multiple cle la cadence de lecture desdites images.

pour revenir a I'écart initial.

11. Dispositif selon |‘une queiconque des revendications ‘let 2.

caractérisé en ce que le signal source non différe est utilisé dans une

phase the fonctionnement normal. tandis que des mavens sont prévus

pour iui substituer le signal source différé dans une phase transit:-ire se

terminanr par la reprise dudit fonctionnement normal.

12. Dispositif salon l'une quelconque cies revendications 1 at

2. caractérisé en ce oue ladite mémoire tampon est une rnemoire a

semiconducteur.

13. Dispositif selon Ia revendication 12. caractérisé en ce que

Iadite mérnoire peut erre étendue par I‘ajout de modules.
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(5?) Abstract

A machine independent high resolution digital screen recorder (12) is disclosed for providing high quality video displays with
manageable storage capacity and bandwidth. The screen recorder includes an analog to digital frame grabber (24) for converting a high
resolution video slgna1(2D) that modulates a video display ([4) into RG3 sequences of digital frames (30). A video compression unit (26)
separates the high and low variance portions of the digital frames, encodes them with respective losing (56) and lossless (54) compression
algorithms and stores them in a mass storage device (23).
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HIGH REBOLUTIOH DIGITLL SCREEN RECORDER LED KETKOD

ACKG D 0

Field of the Invention

The present invention generally relates to the field

of screen recorders, and more specifically to a high reso-

lution digital screen recorder and recording method that

converts an analog RGB video signal into a compressed digi-

tal signal.

8

Conventional color televisions and display monitors

produce relatively low resolution and bandwidth red, green

and blue (RGB) video signals, e.g. 400-600 lines per.frame

at 25-30 frames per second, that conform to one of several

international standards. Three of the most common stan-

dards are: the National Television Systems Comittee (NTSC)

standard with 525 lines per frame at 30 frames per second,

the Sequential chrominance signal 5 Memory (SECAH) standard

with 625 lines per frame at 25 frames per second and the

Phase Alternating Line (PAL) standard with 625 lines per

frame at 25 frames per second. These standards are fairly

flexible in that the number of scan lines actually used by

a display may be significantly less than the specified sta-

ndard. For these low resolution signals, video recording

devices, such as video cassette recorders (vans), record

the analog signal directly onto a magnetic tape.

For high resolution workstation monitors having 1280

or greater scan lines per frame, or high definition televi-
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sion (HDTV),, it is not currently feasible to record the

'analog video signals directly onto the tape in an analog

format at the same high resolution. The storage require-

ments and bandwidth of the video signals exceed the capa-

bilities of analog recording devices. For example, a 1280

x 1024 video signal at 3 bytes per pixel and 30 frames per

second recorded for 3 hours would require 1274 Ghytes of

memory and a bandwidth of 943 ups. As a result, in a cur-

rent approach a scan converter is used to convert the high

resolution video signal into one of the low resolution sta-

ndard formats, which is recorded onto the tape. The down

conversion is done by averaging adjacent scan lines or sim-

ply skipping scan lines, and results in a substantial loss

of resolution when the recorded tapes are played back. The

"RGB/Videolink 16000“, RG3 Spectrum of Berkeley, Califor-

nia, 1991 is described in a product bulletin as one example

of a scan converter. The loss of resolution is particular-

ly bothersome in a multimedia workstation, a typical dis-

play includes text, graphics, pictures, audio and motion

picture video data. The graphic icons and text are dist-

orted hy converting the high resolution signal to the rela-

tively coarse low resolution signal. This system sacrific-

es image quality to maintain manageable storage require-

ments and bandwidth. For applications where the replayed

information is required to faithfully reconstruct events,

e.g., air traffic control displays or is critical to liti-

gation, the loss of dielity may make the recording unuse-

able.

OF HVENT ON

The present invention seeks to provide a machine inde-

pendent, high resolution digital screen recorder that pro-

vides high guality video displays with manageable storage

capacity and bandwidth, and can be implemented as a stand-

alone or integrated unit.
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This is accomplished with a screen recorder for re-

' cording a high resolution analog multi-color video signal,

preferably RGB, that modulates a video display. An analog

to digital frame grabber converts the high resolution video

signal into sequences of digital frames. A video com-

pression unit encodes the sequences of digital frames into

compressed digital signals and stores them in a mass stor-

age device.

In a preferred embodiment, a high resolution multime-

dia computer workstation displays high variance (motion

picture video) and low variance (graphics, text, icons and

background) data and produces the video signal to modulate

its display. The video compression unit separates the high

and low variance portions of the digital frames and encodes

them with lossy and lossless compression algorithms, re-

spectively.

For a better understanding of the invention, and to

show how the same may be carried into effect, reference

will now he made, by way of example, to the accompanying

drawings.

EBIEI_DE§£RIEI1QE_QE_IEE_DBAflIH§fi

FIG. 1 is a block diagram of a high resolution comput-

er workstation and a digital screen recorder:

FIG. 2 shows a typical multimedia display:

FIG. 3 shows a difference frame for the display of

FIG. 23 .

FIG. 4 is a flowchart of a hybrid video compression

algorithm:

FIG. 5 is a flowchart of the lossless compression al-

gorithm:

FIG. 6 is a flowchart of the lossy compression algo-

rithm:

FIG. 7 is a flowchart of the video window detection

algorithm:
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FIGs. 8a-Bd illustrate the steps of the detection al-

gorithm of FIG. 7; and

FIGs. 9a-9d show typical video windows, their projec-

tions and corresponding transition codes.

DE1AILED_DE§QBIEIIQE_QE_IHE_IEEEEIIQH

High resolution multimedia computer workstations oper-

ate in a windowing environment that consists of several

text and graphics windows, a motion video window, icons, a

cursor and possibly audio signals, and in some applications

live sensor images such as radar may also be present. A

typical display has a resolution of at least 1280 x 1024

pixels and is refreshed at a rate of 30 frames or higher

per second, although the invention is applicable for arbi-

trary resolutions and frame rates. FIG. 1 shows a high

resolution multimedia computer workstation 10 that is elec-

trically conneoted through a screen recorder 12 to a moni-

tor 14. Typical workstations have a single video output

for the monitor, and thus to display the video signal in

real time and store it as a compressed digital signal for

future playback, the monitor and screen recorder are con-

nected in a 'loopthrough" configuration that is similar to

a TV/VCR connection. The workstation internally generates

high resolution digital RG3 video frames 16 in a machine

dependent format in response to the windowing environment,

graphics, text or motion video applications and uses a D/A

converter 18 to convert them into an analog RGB video sig-

nal 20. The frames‘ resolution and rate are included as

sideband information in the video signal. The analog video

signal 20 modulates the intensity of a cathode ray tube

(CRT) 22 in the monitor 14 to raster scan the RGB images 16

onto the display at the given frame rate. The screen re-

corder 12 captures the video signal 20 and stores it as a

compressed digital signal.

The screen recorder can be a stand-alone, workstation
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independent unit as shown, or it can be integrated into the

workstation. In the preferred embodiment, the screen re-

corder is connected to only video and/or audio outputs of

the workstation's digital display system and does not re-

quire any information from internal components of the dis-

play. Thus, the invention is not dependent on the imple-

mentation of any specific display and may be applied to a

variety of devices. The screen recorder includes a high

resolution frame grabber 24, a digital video compression

unit 26 and a mass digital storage device 28. The frame

grabber converts the analog RGB video signal 20 in real

time into another sequence of RGB digital frames 30 in a

machine independent format. A suitable frame grabber,

HI*DEF 111, is described in a new product bulletin from

IHAGRAPH of chelmsford. Hassachusetts and claims a 160 Hz

bandwidth for capturing standard and non-standard video

signals with up to 16K x 16K resolution. The compression

unit 26 compresses the video frames 30 at a ratio of app-

roximately 25u:1 with only slight visual degradation and

maintains reasonable bandwidths and memory requirements.

The compressed digital video signal is stored in the stor-

age device 28, which can be a conventional hard drive, an

optical drive or a portable device such as a digital tape.

In the invention, the multimedia display is separated

into high and low variance portions for the purpose of com-

pressing the digital video signal 30. The high variance

portion 32 is defined by a video window_34 in which some

type of motion picture video signal is being played, while

the low variance portion 35 is everything else: graphics

36, text 38, icons 40 and the background 42. FIG. 2 shows

a typical multimedia display and FIG. 3 shows the differ-

ence between successive displays. As shown in these fig-

ures, the high variance data 32 and low variance data 35

are differentiated by a stark disparity in their temporal

(interframe) and spatial (intraframe} variances. Because
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the motion picture video data's spatial and temporal vari-

ances are relatively high, at a given encoding rate the

error in its reconstructed image will be greater than the

reconstruction errors in the graphics, text, icons and

background data. However, motion picture {high variance)

imagery can be compressed such that encoding errors only

slightly distort the image's visual quality or are com-

pletely imperceptible. Conversely, the low variance data

is highly correlated temporally and spatially and is thus

easy to compress. but any encoding errors are easily visi-

ble and distort the fine structure of the icons, graphics

and text. Improved overall compression and reconstructed

image quality is achieved by using separate lossy and loss-

less encoding algorithms for the high and_low variance da-

ta, respectively. In a perfect lossless algorithm the de-

compressed images equal the digital images 30 provided by

the frame grabber without distortion or error, while in a

lossy algorithm the decompressed algorithm has some amount

or distortion or error relative to the original.

FIG. 4 is a flowchart of the hybrid video compression

algorithm. To achieve the necessary speed, the video com-

pression unit 26 implements the algorithm in hardware, al-

though future advances in computer speed may allow a soft-

ware implementation. In step 44, the frame grabber 24 pro-

vides the compression unit with 24-bit RGB images 30 at 8

bits per pixel for each frame extracted from the video sig-

nal 20. In the next step 46, the capture errors of the

frame grabber are eliminated by masking off a number of the

least-significant-bits (lsbs), e.g., one lsb per image pix-

el. Each successive set of I-163 frames 30 is then transf-

ormed in step 48, using a YUV transform to produce '1 lumi-

nance and UV chrominance components 49. The YUV transform

is disclosed on pages 14 and 17 of a new product infome-

tion sheet "Programable color space converter and color

Corrector“, Brooktree corporation of San Diego, California.
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1990. an alternative or slightly modified transform denot-

ed generally as an xrz transform could be used to provide

an x intensity (luminance) component. In the next step 50,

the 1!, U and V digital frames are subtracted from their

respective successive YUV frames to form YUV difference

images 51, which are integer valued and can be represented

exactly by a digital codeword. In step 52, the video win-

dow's boundary coordinates are extracted from the Y differ-

ence image (see FIGs. 7-9 for details} and passed to the

lossless and lossy compression algorithms. The window's

boundary coordinates are also included in the sidehand in-

formation 53 sent to the decoder. The video window can be

computed for each difference image or for some period in

accordance with the requirements of the specific compres-

sion algorithms.

In step 54 the low variance portion of each successive

digital frame is compressed using a lossless algorithm (see

FIG. 5 for details}, and in step 56 the high variance por-

tion is encoded using a lossy algorithm (see FIG. 6 for

details); these two steps produce respective bitstreams.

The accompanying audio track is compressed in step 58 and

its bitstream is multiplexed with the compressed high and

low variance video data and sideband information bitstreams

in step 60. In step 62, the multiplexed digital data 63 is

written to the storage device 23.

To playback the digitally stored video signal, a de-

coder 64 demultiplexes the data 63, performs the respective

inverse transforms on the compressed high and low variance

signals and audio signals and adds the decoded images back

together to produce a sequence of reconstructed digital

images 65. A D/A converter 66 converts the reconstructed

images 65 into an analog RGB video signal 67 to playback

the stored multimedia session. Depending on the disp1ay's

content and the size of the video window, the compression

algorithm can realize compressions of approximately 250:1
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with no distortion in the low variance portions and only

slightly perceptible distortion in the high variance motion

picture portion.

FIG. 5 illustrates a preferred embodiment of the loss-

less compression algorithm for encoding the multimedia dis-

play's low variance portion 35. The lossless algorithm is

initiated by encoding the first YUV digital frames 49 and

thereafter encoding the YUV difference frames 51 computed

in step 50. To decode the sequence of compressed frames,

the first frame must be transmitted so that the successive

frames can be recursively reconstructed by decoding the

next difference frame and adding it to the previous frame.

It may be desirable to reset the encoding algorithm period-

ically by directly coding a YUV frame every n frames, e.g.,

200 frames, to prevent error propagation due to noise.

Instead of completely removing the pixels in the video

window and only encoding the low variance data pixels in

the lossless algorithm, those pixels inside the video win-

dow can be set equal to zero and encoded with the low vari-

ance data. Since the pixels inside the window are all set

to a constant value, their information content and effect

on the compression of the frame is negligible. Alterna-

tively, the windowed pixels could he removed and the algo-

rithms modified to keep track of the video window. This

approach. could provide slightly better compression. but

would be substantially more complicated.

In step 68 of FIG. 5, the algorithm checks the reset

condition and selects either the YUV frames 49 or the dif-

ference frames 51. In the former case, the pixel values

for the respective YUV frames 49 inside the video window 34

are set to zero (step 69) and each frame is compressed with

the Joint Bi—level Image Group (JBIG) algorithm (step 70)

to produce the encoded bitstream. The JBIG algorithm is

described in the September 16, 1991 "CCIT Draft Recomenda-

tion T.82 ISO/IEC committee Draft 11544 coded nepresenta-
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tion of Picture and Audio Information-Progressive Bi-level

Image Compression“. when the difference frames 51 are se-

lected, the respective YIN difference frames‘ pixels inside

the window are set to zero {step 71) and the frames are

encoded using run length codes (step 72) to produce another

bitstream. Run length codes are described in Jayant and

Roll. Prentice-Hall, “Digital Coding of Waveforms", 1934,

pp. 465-485. other lossless algorithms could be employed

in place of the JBIG and run length codes without departing

from the scope of the invention.

FIG. 6 is a flowchart of the lossy compression algo-

rithm for the high variance portion 32 of the multimedia

display. The Motion Pictures Expert Group (HPEG) algorithm

described in "Information Technology - Generic coding of

Moving Pictures and Associated Audio, Recommendation H.262,

ISO/IEC 13818-2", November 25, 1993 is preferably used to

compress the data inside the video window and the audio

track, although other video compression algorithms are also

applicable. KPEG reads 16 x 16 blocks of pixel data and

processes groups successive frames, e.g. , 12-15. To accom-

modate the standard, the coordinates of the video window

are updated for the first image of each group (FIG. 2, step

52) and modified in step 74 to extend the window to fit the

HPEG block size. In step 75, the YEN images 49 are conv-

erted into a ham format to be compatible with the MPEG

algorithm. For every 2 x 2 block of pixels the Y luminance

value is the value of each pixel and the U and V values

equal the average of the four pixels from their respective

frames. In step 76, the 4:2:0 formatted pixels inside the

extended window are encoded with the MPEG algorithm to pro-

duce the bitstream. The decoder strips out the additional

pixels prior to reconstructing the display.

FIG. 7 is a flowchart of a suitable video window de-

tection algorithm, which utilizes the standard rectangular

geometry of the workstation's windowing environment and the
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contrast in signal characteristics between the motion pic-

ture and graphics, text, icons and background portions of

the display. In step 78. the algoritlm receives the Y

difference image. An activity measure. e.g. , the variance,

is computed in step so for each row and each column, with

the variances 81, B2 projected onto the vertical and hori-

zontal axes, respectively. The variance of each row or
1:

column is given by: o‘=%; (11-m)‘ where 0‘ is the variance,-1

1, is the pixel luminance value, In is the mean and n is the

number of pixels in the row or column. The mean In of the

difference images is normally approximately zero. The

variance projections have sharp transitions at the video

window's edge coordinates 83, 84, 85, 86 and at the interi-

or coordinates 87, as where the window's width with respect

to the particular axis changes, as shown in FIG. 8a. The

coordinates of a bounding rectangle 89 for the video window

34 are extracted from the first (33.85) and last (34.35)

transitions of each projection (step 90) and specify the

size and location of the window, as shown in FIG. 8b and

denoted by a "0". In step 91, the interior row transition

coordinates (87) are matched to the interior column transi-

tion coordinates (88) to specify the interior corner points

92, as shown in FIG. ac and denoted by an "X".

To identify the window's shape, the projections‘ tran-

sitions are coded (step 93) with a 10-digit transition code

94. The cocle's format restricts the number of transitions

to five or less in each projection 81 and 82: any projec-

tion with more than five will default to the bounding rect-

angle. A transition from low to high is indicated by a '1“

and from high to low as a "0". Since the first transition

of each projection is always a "1" and the last is always

a "0", only the interior transitions are coded. The first

two flags specify the number of row projection interior

transitions (0-3) , flags 3-5 specify the transitions, flags
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6-'7 specify the number of column. projection interior tran-

sitions and flags 8-10 specify the transitions. any unused

flags in positions 3-5 and 8-10 are designated by an "X".

For example, a simple rectangular window would be coded

"O0X.'!D{OO)DEX".

In step 95, a look-up-table (LOT) which contains the

codes for a number of common shapes outputs a shape identi-

fier 96 and a set of instructions 97 that specify how the

interior corner points 92 are used to define the video win-

dow's boundary coordinates 98, as shown in FIG. and. It the

code 94 isn't included in the LtJ‘I', the window defaults to

the bounding rectangle 89. The boundary coordinates, inte-

rior points and shape identifier are sent to a buffer 99

that holds the video window descriptors for a few frames,

e.g. , 3. If the information video window is approximately

constant over the frames, it is output to the compression

algorithm. If a window is identified for only 1 or 2

frames it is discarded. This prevents the opening of a

graphics or text window or an icon, which would cause a

large variance in one difference image, from causing the

algorithm to misidentify a video window.

FIGs. 9a-d illustrate four common video window shapes,

their variance projections, boundary coordinates, transi-

tion codes and interior point. FIG. 9a shows an upper-

left occluded window 100 with row and column variance pro-

jections 102 and 104 respectively, interior point 106, tra-

nsition code 10B and boundary coordinates 110. FIG. 9b

shows a video window 112 having a rectangular void in the

middle with row and column variance projections 114 and 116

respectively, interior points 118, transition code 120 and

boundary coordinates 122. FIG. 9c shows a video window 124

having a notch in its upper side with row and column vari-

ance projections 126 and 128 respectively, interior points

130, transition code 132 and boundary coordinates 134.

FIG. 9c] shows an irregularly shaped video window 136 with
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row and column variance projections 138 and 140 re-

spectively, interior points 142, transition code 144 and

boundary coordinates 146. The bounding rectang1e's coordi-

nates, the interior points‘ coordinates and the window's

shape identification are included in the sideband informa-

tion. The decoder 64 is provided with a table that matches

the window ID with the proper set of instructions for pro-

cessing the interior points 92. This algorithm identifies

the video window's size, location and shape and produces

its boundary coordinates directly from the sequential dif-

ference images without receiving any input from the workst-

ation's window manager. This approach makes the screen

recorder a workstation independent device.

In the described embodiment, the screen recorder is

used in conjunction with a high resolution multimedia work-

station to digitally record and compress work sessions

while maintaining the original high resolution display. The

screen recorder can be used for applications such as educa-

tion/training, communication, archiving, investigation and

product marketing. The screen recorder can also be used to

digitally record the analog RGB video signal for high defi-

nition television (HDTV) by making the video window encom-

pass the entire display. For improved performance, a more

advanced algorithm may be developed for separating the rel-

atively constant and varying portions of the video signal

throughout the display could be employed.

While several illustrative embodiments of the inven-

tion have been shown and described, numerous variations and

alternate embodiment will occur to those skilled in the

art. Such variations and alternate embodiments are contem-

plated, and can be made without departing from the spirit

and scope of the invention as defined in the appended

claims.
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CLAIMS

1. A screen recorder (12) for recording an analog

video signal (20) that modulates a video display (14), said

video signal having a resolution greater than a standard

National Television systems Committee (RTSC) resolution or

525 lines per frame, characterized by:

an analog to digital frame grabber (24) for con-

verting the high resolution video signal into a sequence of

digital frames (30):

a video compression unit (26) for compressing the

sequence of digital frames into compressed digital signals

(63): and

a storage device (28) for storing the compressed

digital signals.

2. The screen recorder of claim 1, 'wherein said

screen recorder (12) is a portable, workstation independent

unit that is electrically coupled to a workstation (10) to

receive said video signal (20).

3. The screen recorder of claim 1, wherein said sto-

rage unit (28) is a hard disk, an optical drive or a digi-

tal tape.

4. The screen recorder of claim 1, further compris-

ing a high resolution multimedia computer workstation (10)

that generates said high resolution video signal (20), said

signal including high and low variance data.

5. The screen recorder or claim 4, wherein said com-

pression unit (26) separates each digital frame into the

high (32) and low (35) variance data and compresses each

independently into compressed first and second digital sig-

nals 63.
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6. The screen recorder of claim 5, wherein said com-

pression unit (26) generates said compressed first signal

as an approximation of the high variance data and said com-

pressed second signal as an exact representation of the

digital low variance data.

7. A method for recording an analog video signal

having a resolution greater than a standard National Tele-

vision systems Committee (NTSC) resolution of 525 lines per

frame, the method comprising:

converting the analog video signal into a se-

quence of digital frames (44):

compressing the sequence of digital frames into

compressed digital signals (48, 50, 52, 54, 56): and

storing the compressed digital signals (60, 62}.

8. The method of claim 7, wherein a high resolution

multimedia computer‘workstation (10) that displays high and

low variance video data produces the video signal (20), and

said digital frame compression step, comprises:

separating each digital frame into said high and

low variance video data (52):

compressing said high variance data with a lossy

compression algorithm to form a first compressed digital

signal (56):

compressing said low variance data with a loss-

less compression algorithm to form a second compressed dig-

ital signal (54): and

storing the compressed first and second digital

signals (60, 62}.
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DISPLAYING INTERNET CONTENT AND TELEVISION PROGRAMMING

The present invention relates generally to a

client and server system for presenting multimedia

information and, more particularly, to an integrated

internet on-demand system for television-

The internet is a collection of networks,

including those maintained by commercial backbone providers

such as MCI, PSINet, UUNET, and Sprint. The term ”internet"

applies to this. entire set of interconnecting networks.

Domain names, such as uspto.gov, are unique internet server

addresses which function as the cyberspace addresses for

organizations connected to the internet.

Interest in the internet has been increasing

recently, especially in regard to e-mail and what has become

known as the World Wide Web, which allows information on the

internet to be presented through a graphical interface. The

World Wide Web is a major client-server system, with

millions of users, and is essentially a vast collection of

interconnected documents.

Typically, on the internet, a larger computer is

a server and a smaller computer is a client. A client can

be a personal computer which is associated with the user.

The client computer is connected to the internet via a modem

connection, typically to a server at a point-oE—presence

(POP), the location of an access point to the internet. A

client can use any of the servers, and often uses a series

of them- The primary purpose of a server is to deliver a

document on request to a client. The document may be text,

an image file, or other type of file. The document is

identified by a name called a Uniform Resource Locator

("URL") which typically includes the domain name of an

organization. If the server is storing that particular URL,

then the server delivers the document at that URL to the

client in response.
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Browsing software (i.e., web browsers} allow

client users to request and display text and graphics,

typically from a ‘Hyper Text Markup Language ("html"}

document or web page identified by a URL on a web site

server. When accessing web pages over the internet; a

client user may reference an html document containing

hypertext links to other documents, which may have URL

addresses to different servers. when a link is selected,

the browser is expected to fetch the new document and

display it in place of the current one. In this manner,
information from different internet servers can be linked

together through documents containing such links. These

links may be organized according to topics so that the links

grouped under a particular topic relate to addresses for web

pages which deal with related subject matter- For example,

the U.s. House of Representatives‘ web server hosts html

documents at URL address http:/flaw.house.gov which contain

links to a variety of other web pages generally relating to

legal issues, including patent law. However, these links

are presented to the user in a static manner, often with

little guiding information.

Requesting web pages from servers using a client

browser is commonly referred to colloquially as surfing the

web. Although the use of animation, as well as audio and

video, is becoming more common. the majority of web sites

generally only present static graphical images. Even with

data compression techniques, graphical files are notoriously

large and slow to download given the limited bandwidth

available over existing telephone modem connections. A web

page having a large number of graphical images can take

several minutes to retrieve. Audio and video files are

typically very large, and can.take even longer to completely

download. This can result in long and frequent delays in

retrieving and using such files.

However, the typical "television viewer is

accustomed to a near immediate response when selecting a

channel or television station to watch. Although off—line

browsing allows a client user to view pages already stored

in cache memory from previously visited web sites, these
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documents are often not meaningfully organized, such as by

topical subject matter for easy assimilation by the client

user. Nor do these cached pages necessarily represent the
most recent version of the pages available from the web site

of interest.

Along with the increasing interest in the internet

and the world wide web, appliances or set—top boxes similar

to cable TV boxes have been developed in an attempt to allow

access to the internet through the traditional television

set. However, such attempts suffer from delays in accessing

the graphics of the web, and the lack of experience in the

mass-market with regard to the internet, especially in

regard to finding and accessing relevant web pages of

interest. Mass—market consumers are typically accustomed to

having information broadcasted or delivered to them with

minimal effort or delay.

The practice or technology of having information

brought to a client user by an agent is sometimes referred

to as push. Pushed information appears to have been

initiated by the server rather than by the client or the

user. ‘However, in current systems, the information pushed
from a server to a user often comes as the result of a

programmed request from the client in the user's computer.

Information pushers often require that the client download

a program which often determines the useful data desired by

‘the user and then occasionally initiates requests for

information from the server. However, users may find such

questionnaires to be burdensome, and may not completely and

accurately complete the questionnaire.

Hence, there has been a long existing need for a

system which is capable of navigating the internet

efficiently so as to provide text, images, sound, and

video on—demand in a simple, intuitive manner akin to

traditional television programming for mass—market

consumers. Illustrative embodiments of the invention

described herein seek to fulfil these needs.
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An embodiment of the present invention provides

an internet on-demand system for television presenting

internet content and traditional television

programming as part of a single coherent interface.

The system selectively displays internet content

and television programming. The system comprises a client

including a display. The system further comprises means for

selecting between channels separately representing
individual television content and individual internet

content. When an individual television content channel or

an individual internet content channel is selected, the

client presents the content associated with the selected.

channel on the display. Means for displaying an internet

gateway interface selectively scrolls through links to

selected web pages organized according to templates

corresponding to web page content displayed. on internet

content channels. The server includes means for

establishing a data connection with the client and

downloading data along the data connection to the client.

An embodiment of the present invention provides

a user interfiace for efficiently navigating among

different information sources in a simple, intuitive
manner-

Another embodiment of the present invention

displays an internet gateway interface which actively

scrolls through and highlights links to selected web

pages.

A further embodiment of the present invention

presents an internet gateway, web pages, and

traditional television programming as part of a single

coherent interface.

Still another embodiment of the present invention

provides a dynamic interface organized into categories

of information in a coordinated and coherent manner.
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One embodiment of the present invention displays

a rotary menu on the screen to present both internet

links and traditional television programming as

channels for selection by the user.

Yet another embodiment oi the present invention

uses an intelligent agent to passively filter selected

web sites or content for a user to explore based on

the past pattern of usage of the client by the user.

Another embodiment of the present invention

categorizes the selected web content into topics

contained in a template based A on attributes

identifying the subject of the web pages, and present

links to those web pages in a graphical interface

based on the template to the user.

In another embodiment of the present invention

the server queries the client regarding its available

ta stream connections in order to determine the most

i
ent delivery of different types of data through

i

f the available connections.

An additional embodiment of the invention

coordinates the data stream to the client across

different data connections in order to maximize the

available bandwidth capacities to provide a more

coordinated and faster internet experience when

presenting text, graphics, video and audio information

from a web page.

Another embodiment of the invention uses both

background delivery of internet content, and

coordinated data streaming across different data

connections.

These and other" aspects of the invention are

specified in the claims to which attention is invited.

A better understanding of the invention will

become apparent from the following illustrative

description, taken in conjunction with the

accompanying drawings. in which:
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FIG. 1 is a block diagram illustrating a client-

server system in accordance with the present invention;

FIG. 2 is a block diagram illustrating the client

of the client-server system in accordance with the present

invention;

FIG. 3 illustrates templates for categorizing web

pages or links to web pages in accordance with the present

invention;

FIG. 4 illustrates documents being sorted into

topics from the templates in accordance with the claimed

invention;

FIG. 5 illustrates an active frame for a graphical

user interface in accordance with the present invention;

FIG. 6 is a flow chart illustrating the active

frame for a graphical user interface in accordance with the

present invention;

FIG. 7 illustrates another embodiment of the

active frame for a graphical user interface in accordance

with the present invention;

FIG. 8 illustrates a rotary menu wheel for a

graphical user interface in accordance with the present

invention;

FIG. 9 is a flow chart illustrating the rotary

menu wheel for a graphical user interface in accordance with

the present invention;

FIG. 10 is a flow chart illustrating the passive

filtering for the client—server system in accordance with

the present invention;

FIG. 11 is a block diagram illustrating the

multiple data streams for the Client-server system in

accordance with the present invention; and

FIG. 12 is a flow chart illustrating the

processing of multiple data streams by the client in

accordance with the present invention.
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Referring now to the drawings, and in particular

to FIGURE 1, there is shown a client—server system _for

presenting multimedia internet content and broadcast data

and television programming on a television screen. The

client 10 includes a set—top box 12 which is connected to or

integrated within a television appliance 14. The set—top

box 12 provides connections to video and computer‘ data

sources which are processed and displayed on the screen of

the television appliance 14. The television appliance can

include a cathode ray tube ("CRT"), liquid crystal display

("LCD"}q or other device capable of presenting’ a video

image. The client is preferably connected to the server 15

by a telephone modem 13.

The client further includes a processor 20 capable

of performing multimedia tasks, programming for internet web

browsing and controlling multimedia tasks, a digital data

storage medium 22 such as a hard drive, digital Video disk

("DVD") or digital video tape ("DVT"), and a remote control

device 24 to allow the user convenient control of both

internet and television functions through the set-top box.

The remote control device 24 preferably includes numeric

keys, channel-up (forward) and channel-down {back} buttons

for selecting channels. directional controls for controlling

movement, such as a cursor or menu selector, on the

television screen, a button for activating a link or

command, and dedicated keys for jumping to a home page or

other specialized function. Alphanumeric or other text may

be input using the remote control device or a separate

keyboard. A method.and apparatus for entering text using an

input device having a small number of keys is disclosed in

U.S. Patent No. 5,543,818 ("Scott"), and is hereby

incorporated by reference.

The video connections to the client 10 can include

cable 17 and digital broadcasting satellite ("DES") 19. The

video connections may be made to peripherals such as a VCR

which would be connected to the set—top box. The computer

data connections to the client can include telephone modems

and ISDN connections, as well as digital satellite data

services, and cable modems over the video connections to the
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client. It should be noted that the client can utilize

several different types of data connections simultaneously.

Computer data information may be multiplexed or otherwise‘

embedded in a video signal source. A television receiver

with a decoder for decoding coded data from a video signal

is disclosed in U.S. Patent No. 5,512,954 ("Shintani"},

which is hereby incorporated by reference. Both television

and computer data can be provided to the client over the

same digital satellite connection. For example, the client

can utilize both a telephone modem and a digital satellite

service, where the satellite service delivers to the client

both traditional television programming, as well as internet

content during the blanking signal of the television

programming.

The processor 20 of the client is a multimedia

processor which preferably includes a very long instruction

word (VLIW) architecture. A.suitable processor is known by

the tradename “TM-1" which is manufactured by Philips

Semiconductors - TriMedia Product Group. Sunnyvale,

California- A block diagram of the processor 20 of the

client 10 is illustrated in FIG. 2 by way of example. The

processor includes a CPU 30 having an instruction cache 32,

a data cache 34, and VLIW architecture which can run a real-

time operating system (RTDS} kernel. To save bandwidth and

storage space, the VLIW instructions can be compressed until

needed. The processor includes an application library which

can provide routines to establish a data connection with a

server over a modem, enable web browsing, retrieve e-mail,

encode and decode video data compressed using the MPEG1

standard, and decode MPEG2 files.

Synchronous DRAM (SDRAM) 35 is available through

the memory interface 38 and data 43 containing a boot

program for the processor can be connected to the processor

through a PCI interface 44 to enable standalone operation of

the processor.

A number of dedicated coprocessors are connected

to the CPU through the data bus. An image coprocessor 46 is

available to copy images from the SDRAM to a video frame

buffer and perform scaling and color space conversions. A
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transfer rate of 50 megapixels per second (Mpix/sec.) can be

maintained by the image coprocessor. A variable-length
decoder (VLD) coprocessor 48 is available to assist 'in‘

decompressing MPEG1 and MPEG2 data streams.

Direct memory access IDMA} driven multimedia

input/output (I/O) units which operate independently to

process data are connected to the CPU 30- The video input

unit 52, video output unit 54, audio input unit 56, and

audio output unit 58 are DMA-driven I/O units. The video

input unit 52 can accept video data from a video decoder 60

which converts a composite Y/C video signal into YUV 4:2:2

digital video data. The video output unit can Phovide data

in YUV 4;2:2 video output format to a digital video encoder

62. Both the video input and video output units can follow

the CCIRESE Eormat. For example, the video output unit can

drive other CCIRESS-compatible devices such as a digital

video tape recorder. An 1%: interface 64 can also be

included. An audio code unit 65 having a 16-bit ADC and a

16-bit DAC for audio coding and decoding operations can be

connected to the audio input and audio output unitsl

A synchronous serial interface 58 can be connected

to a modem 70 for communicating with the server. The modem

can be a v.34 modem capable of achieving a connection speed

of 33.5 Kbps or greater over a standard telephone line or an

ISDN modem interface. External circuitry to interface with

incoming multimedia data streams can be connected to the

processor as needed.

The server 16 is a computer with which the client

preferably can establish a connection with over a telephone

modem. The server functions as the client's access to the

internet so that the client can request documents, files and
other information from other servers connected to the

internet. For purposes of discussion, this server, which is

part of an on-line service 26 for the user, will also be

referred to as the POP or network server. The service

provider‘ can package content to address the information

needs and interests of a diverse consumer marketplace.

Updates to the operating and applications software used by
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the processor of the client can be provided by the server as
needed.

The server 16 can also provide a page with links

or shortcuts to internet content to be displayed in the

graphical user interface ("GUI") or front-end of the client.

These pages are displayed as part of a selection of channels

for both internet content and television programming. The

links provided by the server are to web pages which

preferably have already been screened by the internet

service provider for quality and suitability. The links are

classified into categories or topics within templates which

can be stored on the server. the client, or both. to provide

a framework for presenting these links through the interface

of the client.

The templates can be stored either on the client

or the sever, depending on the available storage space on

the client. The templates can contain several different

categories or topics from a given universe of topics. The

same category or topic may be found in different overlapping

templates. As illustrated Vin FIG. 3, template I and

template II are separate templates in which topics l and 3

overlap. The topics associated with. a template may‘ be

initially predetermined, and later adapted over time based

on the past viewing and browsing interests of the user.

The subject matter of the topics or categories are

defined by predefined identifying attributes so that each

category can be defined by one or more of these attributes.

These attributes can be associated with web pages in order

to identify aspects of the subject matter or content of the

page. As illustrated in FIG. 3, topic 1 is defined by the

attribute a, topic 2 is defined by the attribute 5. topic 3

is defined by the attributes 7 and c, and topic 4 is defined

by 7 and A. As an example, attribute a may identify the

subject of "sports," attribute B as "news," attribute 7 as

"films," and attribute A as “science fiction." Topic 1

would then include web pages havimg the attribute a for

sports attached linked to web pages relating to films

concerning sports would include both the sports attribute a

and the films attribute 7 and.would be sorted or categorized
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as part of topic 3. Similarly, template I would include

topics pertaining to sports, news, and sports films, while

template II would include topics pertaining to news, sports

films, and science fiction films, as defined by the relevant
attributes.

The content of web pages may be described by one

or more identifying attributes, and accordingly filtered

into the categories or topics of the selected template. As

illustrated in FIG. 4, a document having associated

attributes a and a would be put in topics 1 and 2, while a

document having only attribute 5 associated therewith would

only be classed as part of topic 2. As an example, a web

page discussing "Rollerball," a science fiction film with a

sports theme, would be classed as part of topics 1, 3 and 4

in both templates I and II. Prescreened web pages having

been given identifying attributes can be classified

according to those attributes and forced into the topics for

the templates.

While the template and its associated topics may

be predetermined; they can be later adapted automatically by

an intelligent agent on either the client or the server

based on the past viewing and browsing habits of the user.

The client or server can record the attributes given for the

web pages, and based on these recorded attributes, an

algorithm may be used to modify the topics by adding

attributes,or altering the relationship of the attributes to

one another using boolean {"AND, OR, NOT") logic- As an

example, topic 1 of template I could be modified to exclude
the science fiction attribute A so that the Rollerball web

page would not be present in topic 1 of template I. Based

on the recorded attributes, new topics can be generated for

the templates, or a new template can be generated

altogether.

The templates can. be part of specific gateway

interfaces tailored for specific user profiles. For

example, the user may initially be required to select a

general, preferably demographically—based, profile which may

provide preselected web links in a predetermined set of

categories. The particular graphical interface in which
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these links are presented to the user can also be selected

based upon the experience level and the amount of

interactivity desired by the user, which may also .be

automatically modified over time by an agent to fit the

experience level of the user.

The templates are preferably used in an active and

dynamic interface on the television screen to the user.

This may be referred to as active frame scrolling. The

template may form part of a guide page with links to

different preselected and precategorized web pages of

interest. The guide page may include html codes, and may be

a front-end window separate from the browser. The guide

page may be represented as a channel Erom a menu of channels

to be selected. by the user in addition to traditional

television programming channels. As previously discussed in

connection. with the templates, the guide page may be

automatically modified, adapted, and updated by either the

client or the server, and be based at least in part on past

viewing and browsing habits of the user.

The guide page may reside on the client, the

server, or a combination of both. For example, the guide

page may reside on the client, and be periodically updated

by the server; or the template for the guide page may reside

on the client while the content for the page is located on

the POP server or another server identifiied by links in the

guide page.

The guide page can include a set of topics, and a

set of links associated with each topic. The links

preferably include an associated object such as a graphic

image to visually indicate the subject matter of the link.

The guide page provides a dynamic interface in that it

scrolls through the links in order to provide the client

user with a revolving choice of links. The guide page

further includes the objects associated with the scrolling

links which may be displayed as a sideshow presentation to

the user. Alternatively, the interface can present the

guide page with the objects associated with the scrolling

links as a filmstrip presentation to the user.

The selections of topics and links can be viewed

as a series of sequences. For example, a first set oi
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selected topics are displayed on the screen for the client

user. One or a plurality of topics in a subset of the first

set of topics is selectively highlighted in a first

sequential order. For example, as illustrated in FIGS. 5

and 6. each succeeding displayed topic would be highlighted

in descending order, and then the sequence would begin again

at the top of the column of topics.

A second set of internet links associated with the

highlighted topic are displayed while the first set of

topics are being displayed. Each link preferably references
a URL for a web document. The internet links of the second

set are highlighted in a second sequential order. For

example, as shown in FIG. 5, the highlighting of links would

follow a descending order similar to that for the set of

selected topics. when the second sequence of highlighting

the links is completed, the next topic and then highlighted,

and the links associated with the subject matter of that

topic are highlighted in sequence. The next topic in the

first sequential order is not highlighted until after the

last-link in the second sequential order is highlighted.

Alternately, the next topic is not highlighted until a

preselected period of time passes, or until the user

indicates that the system should proceed to the next topic.

in order to allow the user adequate time to select a desired
link-

The dynamic revolving sequence of displaying

graphics and sounds associated with particular highlighted

links which are part of a set of links associated with a

particular topic can be thought of as a series of nested

loops. FIG. 6 is a flow chart generally illustrating the

active frame scrolling which dynamically presents the

topics. links, and associated descriptive objects according

to a classification structure defined by a template. Where

T represents the topic, and I an internet link connected

with a particular URL, both are initially set to a Value of

one. If topic T and associated internet link Til) are

highlighted, associated object TEIJA is displayed on the

interface as well. Next, while waiting for a predetermined

amount of time tito expire, the client may accept the user's

selection of associated link T(I) and retrieve the web page

at the URL connected with that link. If time Q expires and
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there has been no selection by the user, then values T and

I‘ are incremented_ by one. First, internet link I is

incremented and that next link can be highlighted, unless

the value of I is greater than the number Z, of links

associated with that topic T. In the latter situation,’T is

then incremented by one and that next topic is highlighted

along with its associated links. If T is greater than the

number ZT of topics for that template, then T is set back to

one, and the scrolling sequence is started at the beginning.

The order of these topics can of course be modified by the

user at any time.

The user can select the highlighted link by

depressing a selection or enter button on the remote control

device while that link is highlighted. Alternately, the

user can use the remote control to manipulate a cursor to

select a link or topic which is not highlighted. when the

highlighted link is selected by the user, the internet

content, such as the page or document at the URL of the

highlighted link, is delivered to the client and displayed
on the television screen.-

While a link is highlighted, an object, such as a

graphic image, animation, sound file, or a combination

thereof, associated with the highlighted link is displayed

on the television screen. By scrolling through the selected

topics of the first set, the links of the second set

associated with each selected topic. and the objects

associated with each link, as each are highlighted. a

dynamic interface is presented to the client user.

For example, as illustrated in FIG. 5, topic "2"

is highlighted, and the associated Links 2(l}, 2(2), 2(3),

etc., are displayed in association with highlighted topic 2

for a predetermined amount of time. These links in turn are

highlighted in sequence, and the object 2(3)A associated

with highlighted link 2{3) is displayed in the interface for

a short period of time.

Alternately. as illustrated in FIG. 7, the

interface can present the guide page with the objects

associated with the links scrolling from right to left as a

filmstrip presentation to the user. The associated links

and objects for several topics and several links can be

shown simultaneously. The links and associated objects are
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displayed to the user as a dynamic sideways moving

slideshow. After_pausimg for'.a predetermined amount of

time, one or more objects are moved out the frame at a time.

Another set of topics and associated links and objects can

be displayed in the interface after each of the previously

displayed links has been shown in sequence. The associated

objects can be displayed and scrolled in a horizontal

sideways presentation, or in a vertically moving
presentation.

The interface preferably displays the associated

object while the second set of links are also being

displayed. The object may be stored on the client, the POP

server, or on the server containing the URL for the

highlighted link. For example, the associated object may be

downloaded from the server when the link is first

highlighted, preferably over a high speed, large bandwidth

data connection such as a digital satellite or cable modem

connection. Alternatively, the associated objects or

graphics may be downloaded periodically to the client and

*saved on the digital storage medium during off-peak hours in

the early morning‘ hours when usage is low in order to

provide a fast dynamic interface to the user. Furthermore,

the time required to establish a dial-up connection to the

POP server can be reduced so as to be transparent to the

user by initiating the connection when the user initially

selects the guide page from a menu of channels. Documents

or web pages which are part of frequently visited web sites

can also be automatically updated and downloaded during off-

peak hours in order to allow for fast off—line browsing.

After a link is selected by the user, and while the

previously downloaded and stored web page is being viewed by

the user, the client can establish a connection with the POP

server to follow any links present in the web page and

download other related or linked web pages which the user

may predictably find of interest.

The user may desire to switch quickly between

internal: content and television programming. An overlying

menu of channels may be activated at any time on the screen

to provide a single uniform interface to navigate among

inzernet sites and television stations. Although television
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stations have traditionally presented as local channels,

internet address have generally not been represented as
such. The web channels would be different from television

channels in that web channels would represent a location or

URL on a particular server. A guide page having links to

URLs or shortcuts to such links can also be a Separate

channel on the overlying menu, preferably is in the form of

a rotary wheel menu.

As shown in FIG. 8. television stations and

internet web pages can be presented as distinct channels on

a single rotary wheel menu 80. The rotary wheel menu

overlies the screen. and. allows the video or television

programming to continue playing in the background, such as

in the part of the display screen which is not occupied by

the menu. This also applies to where the background is a

web page so that animation and streaming video can continue

to be updated. The user can directly select the next

channel, whether internet or television based, to be visited

using the menu. The client can continuously poll its IJO

interface with the remote control device to detect user

input or commands.

The rotary wheel menu 80 is presented as a series

of panels 82 which appear to occupy a three dimensional

space extending behind the television screen. The panels 82

on the front side of the rotary menu wheel 80 can be viewed

on the television screen. The rotary menu wheel can include

any number of panels, and displays a number of panels, such

as five, seven or mine, which can remain legible on the
front side of the menu wheel on the television screen. The

remaining channels would not be displayed when rotated out

of View to the back side of the wheel. Although the menu is

described as a wheel for simplicity, the abstract geometric

configuration of the menu need not be spherical. Although

only a small fraction of the available number of panels may

be visible in the interface at any one time, the menu wheel

displayed can still simulate movement within a three-

dimensional space when being rotated by causing the visible

panels at the extreme top and bottom of the display screen

appear faded and occupy a space behind another panel as the
wheel is rotated.
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The panels can include text and graphics to

describe and symbolize channels for particular television

stations, internet web pages, and e—mail. Channels are

selected by rotating the wheel in order to move the desired

panel into a highlighting selection box 34. The simulated

wheel can be rotated to move the panels up and down by

manipulating the remote control device, such as by

depressing an "up channel" or “down channel" on the remote
control device. An enter or select button on the remote

control device can be used to select the desired channel

highlighted in the selection box. The user can also view

the channels immediately adjacent to the channel highlighted

in the selection box.

The rotary menu wheel 80 resembles a Ferris wheel

in certain respects in that the panels 82 remain facing the

user even as the simulated wheel is being rotated. The text

in the panels of the front half of the wheel facing the user

maintains its dimensions and remains legible, even as the

panels are rotated into different positions. The panels and

accompanying text at the extreme top and bottom of the wheel

begin to fade in order to further depict a three dimensional-

space occupied by the wheel. This is illustrated in FIG. 8

by the dashed lines for the panels at the upper and lower

extremes of the rotary wheel menu.

Each panel is displayed according to its position

on the wheel. _For example, the vertical coordinate for any

one panel to be displayed on the television screen would be:

y * sintt) + CV.

where the vertical rotational radius y is set to 200,

vertical coordinate constant CV is set to 250, and the angle

t of that panel is relative to the center of the simulated

wheel lying on the center horizontal axis of the screen.

The values of y and CV are provided only to illustrate

relative values which may’ be used to simulate vertical

movement along a television screen. The above equation is

applied when t is between -1-r/2 and 1/2 radians so that

costt) is positive, and defines the front face of the wheel

which would be visible to the user. Where cos(t} is

negative, that panel would occupy the back side of the

wheel, and should not be visible. The highlighted selection
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box 84 should be located over the panel where t equals zero.

As the angular position of the panel approaches‘

the zenith or the nadir of the wheel, the relative change in

the vertical coordinates decreases as the sine curve levels

off in approaching a value of one. The rate of vertical

movement decreases so that the distance between adjacent

panels decreases, and eventually overlap, towards the zenith

and nadir of the simulated wheel. This causes the extreme

panels displayed on the screen to appear to move behind the

other displayed panels.

As the panel is moved to the zenith and nadir of

the wheel, the panel becomes more transparent. This also

has the effect of previewing more channels on the wheel than

if the panel remained opaque. Using the equation, 100 *

costtl, to define the transparency of the panel, it is

apparent that costt} approaches zero to render the panel

transparent as the panel approaches the respective zenith

and nadir of the circle defined by the wheel. This further

enhances the facade that the extreme panels displayed on the

screen.are behind the other displayed panels.

In order to provide a more dimensional feel to the

wheel, some horizontal movement can be introduced in

addition to the vertical movement so that the wheel appears

to slightly trail off the screen as the panels approach

either the apex or nadir of the visible screen. As before.

the horizontal coordinate for the panel displayed would be:

x * cos{t) + CH,

where the horizontal rotational radius x is set to 10,

horizontal coordinate constant C“ is set to 70, and t is the

angle of the panel is relative to the center of the wheel

and the center horizontal axis of the screen. The values of

x and C” are provided only to illustrate relative values

which may be used to simulate slight horizontal movement of

a panel along a television screen as the panel is moved to

the extreme top or bottom of the screen. The wheel is given

an apparent curved quality by this slight horizontal

movement of the panel as the panel moves vertically. As

before, this equation applies only where cos(t} is positive.

The highlighted selection box should be located over the

panel where t equals zero. which should also represent the
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maximum horizontal coordinate for the panel. Again, where

cos(t} is less than zero, the panel would be on the back

side of the wheel. and should not be visible.

The user can edit the channel list for the menu

wheel. The user can bookmark particular web pages or sites

to appear as new channels in the menu wheel. Other channels

may be added to the menu wheel for cable television

channels, satellite channels, and. other‘ sources. Also,

different menu wheels can be made available so that several

different users can operate the system using different menu

wheels with a personalized selection of channels.

The channels can be organized as a circular queue

and any suitable data structure is used to keep track of the

channels in the queue. The queue is initially preloaded

with channels, and any arbitrary channel can be set to

correspond to the channel which is to be highlighted in the

selection box. Thereafter, the last visited channel can be

stored so that when the user returns to the menu, the menu

wheel and panel for the last viewed channel is displayed and

highlighted. Several panels of the channels adjacent to the

highlighted channel are displayed on the screen. The

channel order is preferably maintained during rotation of

the wheel, even when rotated out of view. For example, if

there are fifty consecutively numbered channels. than

channel twenty-six should always be approximately opposite

channel one in the simulated wheel of the rotary menu.

FIG. 9 is a flow chart illustrating a process

for implementing the menu wheel for selecting channels of

content- The user first activates the wheel menu, and the

client determines the position of the channels on the

simulated wheel relative to the screen. The channels which

would be Visible on the front part of the simulated wheel

are displayed on the television screen.

If the user selects the command to rotate the menu

wheel, the relative channel positions are updated, and the

channels are moved vertically to animate the simulated

movement of the wheel menu displayed on the television

screen. A pointer can be used to track the position of a

channel in the circular queue for the wheel. The pointer is

updated. either by incrementing or decrementing the pointer

in accordance with the user's commands. The movement of the
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menu wheel is then animated in accordance with the user's

commands. As the animation of the menu wheel is completed,

the panels are displayed in the new position according to

the pointer location in order to smoothly animate the

movement of the panels.

If the user has entered a command to select the

channel of the highlighted panel, the pointer value is

saved, the menu wheel is no longer displayed, and the

content of the selected channel is displayed on the

television screen. Another routine can be launched where

the selection of the channel requires additional processing,

whether web browsing or television signal decoding. For

example, where a user selects the guide page, the menu wheel

routine is exited and the routine for presenting the dynamic

guide page is executed.

The remote control device can also select and

scan between the channels representing the television

broadcast and internet content through the “up channel" and

“down channel” in the remote control device to move back and

forth between channels, without first accessing the rotary

wheel menu.

The rotary wheel menu is part of a comprehensive

interface from which the user can easily access internet

content and television programming. The active frame

scrolling of the interface actively presents the user with

a revolving array of easily‘ understood and identifiable

links to web pages containing internet content. The links

are presented with associated graphics to represent the

subject matter of the linked web page. In presenting a

comprehensive interface to the user. that interface should

be concise in order to avoid overloading the user with too

much information which may not be relevant to the situation.

when accessing e-mail as opposed to browsing web

pages, different commands are typically required. Further.

when sending, reading, or retrieving e-mail, different

commands are available for use. The same toolbar or menu

interface is often used for these different e—mail

situations, where the unnecessary or inappropriate commands

are faded to indicate that they are unavailable to the user.
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This can lead to confusion by inexperienced users because

these faded out commands are often still visible- In one

embodiment of the system, a specific dedicated menu for each

situation, such as browsing, sending e-mail, reading e—mail,

or retrieving e—mail, is made available to the user.

For security of personal information, a password

can be required before allowing access to personal e~mail or

a web page containing personalized content. A series of

graphical icons may be presented to the user, and the user

selects a combination of these icons as a personal password.

The television can include hardware commonly

referred to as the Vvchip which restrict access to channels

carrying programming which has been given a certain rating

such as TV-14 or TV—M. Internet blocking software is often

used as an add-on to browsing software to filter out or

restrict access to certain content such as explicit sexual

content which would be inappropriate for young children.

The criteria used by specific internet blocking software

programs can vary. For example, internet blocking software

may automatically scan the text of a particular web site and

search out for groups of words that would be associated with

inappropriate topics, and those pages which use those words

are restricted from access by the browser. Another example

is a voluntary system developed by the Recreational Software
Advisory Committee provides a rating based on the content of

a web site and users can block sites with high ratings of

undesirable or inappropriate content.

The present system uses a blocking filter which is

compatible with one or more of the aforementioned internet

blocking software systems and can convert or approximate

ratings criteria used in the internet blocking software with

that used to rate television programming. The user can set

either the internet blocking software or the V-chip in the

television to block both types of information or

programming. For example, where the user sets the system to

block programming with a television rating of TV—l4, the

browsing software will be modified by the client to block

web sites on the internet having comparable content. The1

client will have a conversion capability to take the
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criteria used by the blocking sofitware and compare it to

predetermined set of criteria for the television. rating

system- Furthermore, the client can also function as the V-

chip for television programming if one is not included in

the television set.

A service can be provided through the server,

where the server acts as a quality control gatekeeper that

presents selected links to web pages. While the user is

free to explore outside of the universe developed by the

server, less experienced users can explore the more

controlled environment provided by the server. The links to

other web pages created and maintained by other internet

entities and organizations will be preselected or accredited

by the service for the quality of their content. After

being inizially set up, web sites are often not adequately

maintained or updated. The staleness of a web site can be

a factor in determining the quality of its content.

Unlike an on-line_ service which creates and

provides its own specialized content, the server will

provide links to content created by other entities on the-

internet, wherein those links will be categorized and

organized according to the templates. The server,

preferably the POP server, acts as the gateway to the linked

web pages for the client. The links present in those

templates Eor an individual user will be modified over time

based on that user’S pattern of usage and the subject matter

of the user’s browsing.

An intelligent agent on the POP server can monitor

the identifying attributes of the preselected linked web

pages provided by the server. The intelligent agent can be

an anchored agent, and does not need to be a self—contained

mobile agent carrying their own state information and moving

from server to server. The agent will record the attributes

of previously visited web hites from the guide page

containing the links provided by the server. The

intelligent agent can identify subject areas of interest for

the user based on the past viewing and browsing habits of

the client user in order to determine the user's preferences

for the selected topics provided in the templates. However,

the agent does not necessarily rate the quality of the
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content of the web pages. Instead, as illustrated by the

flow chart in Fig._l0, the agent follows a macromanagement

approach which presents categories of links according to

topics within a template. The topics are defined by

attributes which describe subject matter, and the attributes

are associated with the linked web pages. The attributes

can be attached to a web page link after being reviewed by

the service running the POP server, or they can be

voluntarily provided by the web site hosting the web page

itself, or determined through an algorithm parsing the text

of the web page.

Predetermined codes can be provided as part of

data transmitted on a television signal to identify the

genre of a television program being broadcasted. A

television receiver which is capable of monitoring and

storing the predetermined genre codes for television

programming in order to select programs based on past

viewing habits is disclosed in U.S. Patent No. 5,535,865

(”Amano, et al."). which is hereby incorporated

reference. These genre codes can be consistent with

convertible to the attributes associated with web pages

order to provide additional information to the agent
determine areas of interest for the client user. The client

processor can store the genre codes associated with

previously viewed television programming, and then provide

this data to the agent to augment its web browsing data.

The web pages are classified into the categories

or topics of the templates selected by the client user.

These attributes associated with the web pages identify

aspects of the subject matter or content of the page. FIGS.

3 and 4 illustrate the relationship between the templates

and the documents having associated attributes for

classification into the topics of the templates.

Prescreened web pages having been given identifying

attributes can be classified according to those attributes

and forced into the topics for the templates. As an

example, attribute a may identify the subject of "sports,"

attribute E as "news," and a document or web page having

both attributes associated with it would be classed in both

topics 1 and 2. and would be displayed as a link in either

template I or II. As another example, a web page having
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attributes a, A and 7 and would be classed as part of topics

1; 3 and 4 in both templates I and II.

While the template and its associated topics may

be predetermined, and they can be later adapted

automatically by the intelligent agent based on the'past

viewing and browsing habits of the user. The client or

server can record the attributes given for the web pages,

and based on these recorded attributes, an algorithm may be

used to modify the topics by adding attributes or altering

the relationship of the attributes to one another using

boolean logic. As an example, topic 1 of template I could
be modified to read as attribute a NOT attribute A so that

the web page associated with attributes Q, A and 7 would not

be present in topic 1 of template I. Based on the recorded

attributes indicating the user's topical areas of interest.

new topics can be modified or generated for the selected

templates, or a new personalized template can be generated

altogether upon request.

The agent preferably searches through a database

of web links which have-been compiled by the service to

present to the user through the guide page in the graphical

user interface. The agent can be focused on the web pages

already screened, rated and Categorized by the service. The

links to web pages can be determined to be suitable by the

service based on overall quality considerations, and given

identifying attributes either manually or by a word parsing

algorithm based.on the occurrence of relevant words in the

web page.

The guide page presented as part of the graphical

user interface can be modified over time. The intelligent

agent, located either on the client or server, is capable of

automatically modifying, adapting, and updating the guide

page based at least in part on past viewing and browsing

habits of the user. The guide page is based on a template

which organize and categorize the predetermined web links to

the user. The filtering by the agent does not search out

the entire content of the internet, but only that which has

been preselected for inclusion with the templates for the

user. Although the templates and associated topics may be

initially selected by the user. the agent may modify the
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topics contained in the templates and filter the preselected

contents accordingly for that template.

The agent provides additional links to web pages

which have been classified in one or more of the topics set

forth in the selected template for the guide page displayed

to the client user. Thus, the guide page interface provides

an active presentation to the user of the current links

currently in the guide page, while updating and revising the

links periodically to provide new and current links to the

user so that template does not become stale.

In order to present the client user with a more

coordinated and faster internet experience more akin to

television viewing, the bandwidth capacity of the data

connection between the client and server needs to be much

greater than that currently available using analog modem

connections over existing telephone lines. The bandwidth

from all possible and available data connection sources

should be utilized for maximum efficiency.

Severelxiifferent data connection sources may be

available to the client, including telephone modems, ISBN

lines, digital satellite data services, and cable modems.

The client can utilize several different types of data

connections simultaneously. Both television and computer

data can be multiplexed and provided to the client over the

same digital satellite connection. For example. the client

can utilize both a telephone modem and a digital satellite

service, where the satellite service provides both

traditional television. programming, as well as internet

content in the blanking signal of the television programming

or otherwise incorporated into the digital data stream.

Content which is personalized, could be received. by the

telephone line, while the satellite connection is used to

receive information of broader appeal which is selectively

received by a filtering mechanism in the client.

A digital satellite service separate from a DB5

for television programming can download digital computer

data at a rate of about 400 Kbps. However. such a service

could be expensive, with additional connect fees based. on

each megabyte of data downloaded. However, by using an

analog modem to download text which does not require a large
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bandwidth for rapid downloading, some download connect fees

can be avoided. Text for other linked web pages can be

downloaded over the modem connection while he user is

reading or viewing another page containing the links.

Either the client or the server can automatically initiate

downloading at off-peak hours as previously discussed in

order to efficiently use the available data connections to

download data to the client for access by the user. The

standard modem connection can also be used to download text

and other data to update current links and associated

objects or content while the user is on—line and browsing,

but not actively downloading documents, so as to utilize the

modem connection which would otherwise remain idle.

As shown in FIG. 11, the client is capable of

demultiplexing data from both pipelines, where graphics,

sound, and video files are preferably downloaded over the

larger and faster pipeline having more bandwidth such as a

digital satellite connection. Less bandwidth—demanding text

and data files can be provided over the modem connection in

order to efficiently use of all available bandwidth sources.

Data files provided over the modem connection can be used to
indicate which files are being transferred over which data

connection, and to coordinate the presentation of the data

being provided over the larger bandwidth. For example,

different text, sound and animation files may be coordinated

to produce a dynamic sideshow presentation to the user.

When establishing a remote data connection, the

server and client initially perform a handshake to establish

communication protocols. The server can further query the

client regarding its available data stream connections,

including telephone modems, cable modems, and digital

satellite broadcasting, as illustrated in FIG. 12, in order

to determine the most efficient delivery of different types

of data through all of the available bandwidth connections.

Different types of data files can be divided from one

another and the data files delivered over the different data

connection depending on the type of data file being
transferred, the size of such files, and the bandwidth

available for the different data connections- Data arriving

over the different data connections are demultiplexed by the
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client. The efficient delivery of data allows the client to

present text, graphics. video, audio and other multimedia
information from a web page over the internet as a fast and

coordinated presentation. A closer working relationship can

also be developed as a result of the querying between "the

server and the client in order to develop a more efficient

allocation of processing and storage burdens and

responsibilities between the client and the server. Clients

with limited. storage capacity can utilize space on the

server for certain functions.

Data is often compressed for more rapid delivery

over the limited bandwidth currently available. Different

types of data files, such. as sound, video and graphics

files, are often compressed at different rates and ratios,

often using different compression schemes. For example,

video data can be compressed using the MPEG1 or MPEG2

standards, audio data as wav, au or aiff files, and graphic

images can be compressed. using either the JPEG or‘ GIF

standards. Such data may be decompressed at different

rates, and the client may include specific hardware or

software, or a combination of both, to properly synchronize

the decompression. of data for a document or file for

simultaneous and coordinated presentation to the user of,

for example, different combinations of sound and animation

files. Different selected sound and animation files can be

mixed and matched, and used together for different

occasions, and can be synchronized for a coordinated

presentation to the client user.

From the foregoing it will be appreciated that the

system of the present invention provides advantages in

presenting information in a simple, intuitive manner, while

making the most efficient use of the available bandwidth

source connections. While several particular forms of the
invention have been illustrated and described, it will be

apparent that various modifications can be made without

departing from the spirit and scope of the invention.

SUBSTITUTE SHEET (RULE 26)



615

W0 98.56188 PCTl[B98o‘0l|895

CLAIMS

1. A system for selectively displaying

internet content and television programming on a

display, the system comprising:
a client, including a display, and channels

separately representing individual television
content and individual internet content;

means for selecting between the channels
wherein when an individual television content

channel or an individual internet content channel

is selected the client presents the content
associated with the selected channel on the

display:

means for presenting on the display an

internet gateway interface which selectively

scrolls through links to selected web pages

organized according to templates corresponding to

web page content displayed on internet content
channels; and

a server, including means for establishing a
data connection with the client and downloadin

data along the data connection to the client.

2. A system according to claim 1 wherein

the selecting means comprises a rotary wheel menu

for enabling the user to select a channel.

3. A system according to claim 2 wherein

the menu provides a single uniforn1 interface to

enable the use: to navigate among the channels of
the internet sites and television stations.

4. A system according to claim 1 wherein

the presenting means comprises a dynamic interface

including means for scrolling through selected

topics of a first set, links of a second set

associated with each selected topic and objects
associated with each link.

5. a system according to claim l, wherein

the server includes means for passively filtering

selected web pages for a user to explore based on

the user's past usage of the client.

6. A system according to claim 5, wherein

the filtering means modifies the links to selected

topics present in the templates by monitoring the
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user's use of the client to determine the user’s

preferences for ‘the selected topics in the
templates.

7 A system according to claim 1, wherein

the server includes means for querying the client

regarding its available data connections to
determine the most efficient delivery of different

types of data through all available bandwidth
connections.

8. A system as set forth in claim 1,2, 3,

4, 5, 6 or 7, wherein the client includes a video

input, at least one data communication line, and a

digital storage medium, the client is capable of

displaying video from the video input and data from

the digital storage medium on the display, the

serve: is connected to the client by the

communication line, the server being’ capable of

communication. with a plurality of other servers,
wherein the serve: and the client can communicate

with one another such that documents from the other

servers can be provided to the client and stored on

the digital storage device, and the server further

includes a database categorizing a number of

documents from the other servers into topics of

interest according to pre-selected criteria.

9. A system as set forth in any preceding

claim wherein the client includes a set top box,

connected to the display, for providing connections

to video and computer data sources to be processed

and displayed on the display.

10. A system as set forth in any preceding

claim, wherein the display comprises a television
screen.

11. P. system as set forth in any preceding
claim, wherein data ccnnection between the client

and server includes a telephone modem-

12. A system as set forth in any preceding
claim, wherein the client further includes a

processor for performing multimedia tasks,

programming for the internet web, browsing, and

controlling multimedia tasks.
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13. A system as set forth in any preceding

claim, wherein the client further includes a remote
control device.

14. A system as set forth in any preceding

claim, further comprising means for

alphanumerically entering text.

15. A system as set forth in any preceding
claint wherein. the data connection to the client

comprises a satellite service for delivering
television programming and for delivering interns:

content during the television programming blanking

signal.

16. A system as set forth in any preceding

claim, wherein the data connection comprises an
ESDN connection.

17. A system as set forth in any preceding

claim, wherein the data connection comprises a

digital satellite data service.

18. A system as set forth in

claim. wherein the data connection
cable modem.

l9. A system as set forth in any preceding

claim, wherein the server comprises a network

server for enabling the client to access the

internet so that the client can request information
from other servers connected to the internet.

20. A system as set forth in any preceding

claim, wherein the client further comprises a

graphical user interface, and the server includes

means for providing the graphical user interface

with a page with links to internet content.

A systenl as set forth in any one of

-, 5, 6 and 7, further comprising a menu

r providing a single uniform interface to enable

user to navigate among the channels of interns:
s and television stations.re

22. A system as set forth in any preceding
claim, wherein the interns: channels represent a

URL on a particular server.
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23. A system as set forth in any preceding

claim, further comprising a service interconnected

with the server, for providing quality control in

presenting selected links to web pages by

preselecting links to other web pages created and

maintained by other internet entities and

organizations.

24- A system as set forth in any preceding

claim, wherein the templates categorize and

organize the links-

25. A. system: as set forth in. any one of

claims 1 to 4, further comprising a plurality of
dedicated menus, each for a different command

function including a plurality of different
customized controls.

26. A system as set forth in any preceding

claim, further comprising means for filtering and

blocking internet content and television

programming, compatible with television and

internet blocking filters.

27. A system as set forth in any preceding

claim, further comprising means for demultiplexing

data to the client, which comprise means for

downloading graphics, sound, or video files over a

large bandwidth data connection.

28. A system as set forth in any preceding

claim, further comprising means for synchronizing

decompression of different types of data files for

simultaneous and coordinated presentation to the
user.

29. A system as set forth in claim 8,

wherein the server monitors documents requested by

the client in order to determine the topics of
interest to the user of the client.

30- A system as set forth in claim 8,

wherein the server provides suggestions to the

client for additional_ documents categorized into

the topics of interes: from the other servers.
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31. A system as set forth in claim 8,

wherein the digital storage medium comprises a hard
drive.

32. A system as set forth in claim 8,

wherein the digital data storage medium comprises a

digital Video disk.

33. A system as set forth in claim 8,

wherein the digital storage medium comprises a

digital video tape.

34. A. system as set forth in claim 10,

wherein the television screen comprises a cathode

ray tube.

35. A system as set forth in claim 10,

wherein the television screen comprises a liquid

crystal display.

36. A system as set forth in claim 13,
wherein the remote control device includes numeric

keys for selecting channels.

3?. A system as set forth in claim 13,
wherein the remote control device includes

directional controls for controlling movement oi
selection means on the television screen-

38. A system as set forth in claim 13,
wherein the remote control device includes a button

for activating a link or command.

39. A system as set forth in claim 13,
wherein the remote control device includes

dedicated keys for jumping to a specialized
function.

40. A system as set forth in claim 14,

wherein the entering means comprise a keyboard.

41. A system as set forth in claim 15 or

27, wherein the video connection comprises a

digital satellite broadcasting connection.

42. A system as set forth in claim 15 or

27, wherein the video connection comprises a cable
connection.
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43. A system as set forth in claim 20,

wherein the server links are predetermined web

pages screened by the internet service provider.

44. A system as set forth in any preceding
claim, wherein the templates include links

classified into categories, which templates provide

a framework for presenting the links in the client

graphical user interface.

45. A system as set forth in claim 21,

wherein the menu comprises a rotary wheel menu.

46. A system as set forth in
wherein the menu further includes

channel for a guide page having links to UR

47. A system as set forth in claim 2, 3 or

21, wherein the menu overlies the screen, so as to

enable video or television programming to continue

in the background on the display.

48. A system as set forth in
wherein the service determines the stalen

web site based on adequacy of maintenance

updating thereof.

49. A system as set forth in claim 24,

further comprising means for modifying the links to

selected topics present in the templates by

monitoring the user's use of the client to

determine the user's preferences for the selected

topics in the templates.

50. A system as set forth in claim 25,

wherein a dedicated menu function comprises web

browsing.

51. A system as set forth in claim 25,

wherein a dedicated menu function comprises sending
E—Mail.

f
52. A system as set forth, in claim_ 25

n
wherein a dedicated menu function comprises readi g
E—Mail.
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53. A system as set forth in claim 25,

wherein a dedicated menu function comprises

retrieving E-Mail.

54. A systent as set forth in claim 26,

wherein the filtering and blocking means are

adagted to correlate rating criteria in internet

blocking software and television programming.

55. A system set forth in claim

wherein the templates stored on the server.

56. A system set forth in claim

wherein the templates stored on the client.

57. A system as set forth in claim

wherein the templates are stored on the server
the client.

58. A system as set forth in claim 44,

wherein the templates include a plurality of

different categories, including web page content

defined by predetermined identifying attributes

identifying aspects of the subject matter of the

web page content.

59. A system as set forth in claim 6 or 44,

further’ comprising an intelligent agent

filtering web pages content into categories on

template, enabling automatic adaptation of

template and associated categories based on

past user viewing habits.

60. A system. as set forth in claim 44,

further comprising an active television screen user

interface including the templates.

61. A system as set forth in claim 44,

including a guide page comprising a template

including links to different_ preselected pre

categorized web pages of user interest.

62. A system as set forth in claim 2, 3 or

45, wherein the rotary wheel menu comprises a

series of panels which appear to occupy three—

dimensional space including extending behind the

television screen, wherein the panels on the front
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side of the rotary wheel menu can be viewed on the
television screen.

63. A system as set forth in claim 2, 3 or

45, further comprising means for rotating the
rotary wheel menu to simulate movement within a

three—dimensional space, causing the visible panels
other than the forwardmost panel to be behind other

panels as the wheel is rotated.

64. A system as set forth in claim 2, 3 or

45, further‘ comprising means for highlighting a

selection box for—a desired panel to rotate into.

65. A system as set forth in claim 2, 3 or

45, further comprising a remote control device, and

means on the remote control device for enabling

movement of the panels up and down.

65. A system as set forth in claim 2, 3 or

45, wherein the rotary wheel menu resembles a

Ferris Wheel, with the panels remaining facing the
user as the wheel is rotated.

67. A system as set forth in claim 2, 3 or

45, wherein the distance between adjacent panels

decreases and eventually overlaps towards the

zenith and nadir of the rotary wheel, whereby the

extreme panels displayed on the screen appear to

move behind other displayed panels.

68. A system as set forth in claim 2, 3 or

45, wherein the panel becomes more translucent as

the panel moves to the zenith. and nadir of the
wheel.

69. A system as set forth in claim 59,

wherein the intelligent agent is adapted to

automatically modify, adapt, and update the guide

page and templates and to organize and categorize

the predetermined web links to the use: based at

least in part on past user viewing and browsing
habits.

70. A system as set forth in claim 39 or

69, wherein the intelligent agent searches that

portion of the content of the internet preselected

for inclusion with the templates for the user.
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71. A system as set forth in claim 59, 69

or 70, wherein the intelligent agent modifies the

topics contained in the templates and filter the

preselected topics accordingly for that template.

72. A system as set forth in claim 61,

wherein the guide page comprises a channel

selectable by the user.

73. A system as set forth in claim 61,

wherein the guide page is further‘ adapted to be

automatically modified.

74. A system as set forth in claim 61 or

73, wherein the guide page is stored on the server.

75. A system as set forth in claim 61 or

I3, wherein the guide page is stored on the client.

76. A system as set forth in claim 61 or

73, wherein the guide page is stored on the client
and the server.

77 A system as set forth in claim El, 73.

74, 75, 76 or 77, wherein the guide page includes a

set of topics, and a set of links associated with

each topic.

78. A system as set forth in claim 61, 73,

74, 75, 76 or 77, wherein the guide page comprises

a dynamic interface for scrolling through links to

provide the client user with a revolving choice of
links.

79- A system as set forth in claim 65,

further comprising means on the remote control

device for selecting the desired channel, which is

highlighted in the selection box.

80. A system as set forth in claim 73,

wherein guide page adaptation is based in part on

past user viewing habits.

81 A system as set forth in claim 77,

wherein the links include an associated object for

visually gndicatitg the subject matter of the link.
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82. A system as set forth in claim 77,

wherein the guide page topics and links are

selectable in a series of sequences.

83. A system as set forth in claim 77,

further comprising a remote control device for

selecting a link to deliver the internet content to

the client for display on the television screen.

84. A. system. as set forth in claim 78,

wherein the guide page further includes associated

objects for the scrolling links.

85. A system as set forth in claim 81,

wherein the associated objects are displayed as a

slide show presentation to the user.

86. A system as set forth in claim 81,

wherein the associated objects are displayed as a

filmstrip presentation to the user.

87. A system as set forth in claim 82,

wherein the series of sequences comprises a first

set of selected topics displayed on the screen for
the client user, and a subset of the first set of

topics selectively highlighted in a first

sequential order.

88. A system as set forth in claim 83,
wherein the remote control device includes

selection buttons for selecting a highlighted link.

89. A system. as set forth in claim 83,
wherein the remote control device includes a cursor

for selecting a non-highlighted link.

90. A system as set forth in claim 84.

further comprising means for actively scrolling

through frames to dynamically present topics,

links, and associated objects according to a

temp1ate—defined classification structure.

91. A system as set forth in claim 85,

wherein the slide show presentation comprises a

dynamic sideways moving slide show of

simultaneously shown links and associated objects

for a plurality of topics.
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92. A system as set forth in claim 82, 8?

or 88, wherein each succeeding displayed topic is

highlighted in descending order, and the sequence

begins again at the first set of topics.

93. A system as set forth in claim 87,

further comprising a second set of internet links

associated with the first set of topics.

94. A system as set forth in claim 88.

wherein upon highlighting a link, an object

associated with the highlighted link is displayed
on the television screen.

95. A system. as set forth in claim 93,
wherein the second set of internet links

highlighted in a second sequential order.

96. A system as set forth in claim

wherein the object comprises a graphic image.

__ 97. A systenx as set forth in claim
wherein the object comprises an animation.

98. A system. as set forth in claim

wherein the object comprises a sound file.

99. A system as set forth in claim 94,

wherein the object is stored on the client.

100. A system as set forth in claim 94.

wherein the object is stored on a network server.

101. A system as set forth in claim 94,

wherein the object is stored on the server

containing the URL for the highlighted link.

102. A system as set forth in claim 94,

further comprising means for enabling downloading

the associated object from the server when the link

is first highlighted.

103 A. systenl as set forth. in claim 100,

further comprising means for establishing a
connection with the network server after a link is

selected by the user and while the previously

downloaded web page is being viewed, to follow
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links present in the web page and download other
related web pages of user interest.

104. A system as set forth in claim 27 or

102, wherein the downloading enabling means

comprise a high speed, large bandwidth data
connection.

105. A. system. as set forth in claim

102, further comprising means for enabling

downloading of the associated object periodically

to the client, and saving thereof on the digital

storage medium during off—peek low usage hours.

lU6. A system. as set forth in claim 102,

wherein the downloading enabling means further

automatically updates web pages which are part of

frequently visited web sites.

107. A system as set forth in claim 102,

further comprising means for providing a

substantially fast user interface to the user.

103. A system as set forth in claim 103,

wherein the data connection comprises a digital
satellite connection.

109. A system as set forth in claim 105,

further comprising means for initiating a dial—up
connection to the network server when the user

initially selects the guide page.

ll0. A. systent as set forth in any one of
claims 19, 100 and 103, wherein the network server
is a POP server.

111. A method of selectively displaying

internet content and television programing on a

display. the method comprising the steps of:

establishing a _connection between a

client which includes a display and channels

separately representing individual television
content and individual internet content and a

server, for downloading data from the server along
a data connection to the client:

presenting on the display an internet

gateway interface which actively scrolls through

Links to selected web pages organized according to
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templates corresponding to web page content

displayed on internet content channels; and
selecting between the channels, wherein when

an individual television content channel or an

individual internet content channel is selected the

client presents the content associated with the

selected channel on the display.

112. A method according to claim 111,
wherein a rotary wheel menu selects between the
channels.

113. A method according to claim lll further

comprising passively filtering selected web pages

for a user to explore-based on the user's past

patterns of usage of the client.

114. A method according to claim 111 further

comprising querying the client regarding its
available data connections to determine the most

efficient delivery of different types of data

through all available bandwidth connections.

ll5. A method according ‘to claim 111,
including scrolling through selected topics of a
first set, links of a second set associated with

each selected topic, and objects associated with
each link.

116. A system for alternately

displaying internet content and a television

program signal on a television screen, the system

comprising:

a client including a video input and at

least one data comunication line, and a digital

storage medium;

a display connected to the client. wherein

the client is capable of displaying video from the

video input and data from the digital storage

medium on the display: and

a server connected to the client by the

communication line, the server being capable of

communication -with a plurality of other servers,
wherein the server and the client can communicate

with one another such that documents from the other

servers can be provided to the client and stored on

the digital storage device, the server further

having a database categorizing a number of
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documents from the other servers into topics

according to pre—selected criteria: and
wherein the server monitors documents

requested by the client in order to determine the

topics of interest to the user of the client, and

the server provides suggestions to the client for

additional documents categorized into the topics of
interest from the other servers.

117. A. system for alternately

displaying internet content and a television

program signal on a television screen, the system

comprising:

a client including a television screen;

means for selecting between channels

separately representing individual television
content and individual internet content, wherein
when an individual television content channel is

selected, the client presents television content
associated with the selected individual television

content channel;

means for presenting a set of internet links
when the internet content channel is selected, and

automatically scrolling through and sequentially

highlighting each link one at a time:

means for selecting one of the highlighted
internet links:

a server capable of establishing a

connection with the client and capable of

downloading data along at least two data

connections to he client, the server further being

capable of querying the client to determine the

number of data connections currently available to

the client. the client having means for

demultiplexing data from the server through the at
least two data connections; and

means for implicitly determining the topical

preferences of the user of the client based on the

pattern of usage by the client.

l18. A method for alternately

displaying internet content and a television

program signal on a television screen, the method

comprising the steps of:

displaying a menu allowing a user to select

between channels representing particular internet

content,a guide page for internet content, and

particular television signals; and
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displaying the particular content

represented by the channel selected by the user on
the television screen.

119. The method of claim 118, further

comprising the step of displaying the guide page on

the screen when the channel representing the guide

channel is selected by the user, wherein the step

of displaying the guide page includes-the steps of:

displaying a first selection of topics;

highlighting the topics in a first sequential
order;

displaying a second selection of

internetlinks associated with the highlighted topic

while the first selection of topics are being

displayed, wherein each internet link references an
internet address;

highlighting the internet links of the

second selection in a second sequential order,

wherein the next topic in the first sequential

order is not highlighted until after the last link

in the second sequential order is highlighted;

displaying an object associated with the

highlighted internet link while the second

selection of links are being displayed; and

displaying on the television screen the
internet content at the internet address referenced

by the internet link selected by the server.
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METHOD AND APPARATUS FOR PRODUCING
DEMAND REAL-TIME TELEVISION

C S —R F R E TED APPL T N

The disclosure contained in this application is related

to U.S. patent application serial number 09/201,529, filed

simultaneously herewith and herein incorporated by

reference.

B KGR OF THE D L

1. Field of the Invention

The invention relates to video—on-demand systems and,

more particularly, the invention relates to a method and

apparatus for generating a real—time video bitstream for

transmission through a video—on—demand system as well as

simultaneously storing the video information in a format

that facilitates demand television, i.e., a play bitstream,

a fast forward bitstream and a fast reverse bitstream that

are derived from the real—time video bitstream content.

2. Description of the Background Art

In a video—on—demand system such as the Onset“ system

manufactured by DIVA Systems Corporation, a file server is

used for streaming video information to users (subscribers)

of the system. The Onsetm system.is described in U.S.

patent application serial number 08/984,710, filed December

3, 1997, and the file server is described in U.S. patents

5,671,377 and 5,581,778. The disclosures of this

application and these patents are incorporated herein by

reference. The Onset“ system contains service provider

equipment coupled through an information distribution

network to subscriber equipment. This system provides

subscribers VCR-like controls to enable a subscriber to

select information content, for example, a movie, then play,

fast forward. rewind. pause, or stop the selected movie.

The subscriber enters control commands through the
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subscriber equipment and the service provider equipment

executes the commands to fulfill the purpose of the command,

e.g., play, fast forward, rewind, stop or pause the movie.

A file server forms a portion of the service provider

equipment and stores, for a given movie, a standard play

stream (i.e., an MPEG-2 compressed video bitstream), a fast

forward stream and a fast reverse play (rewind) stream. The

fast forward and fast reverse streams are also MPEG-2

compressed video, where the fast forward stream is a

compressed signal containing only every Nth frame of the

uncompressed play video and the fast reverse stream is a

compressed signal containing every Nth frame of the

uncompressed play video played backwards. To store the

video information. each stream is divided into portions

te.g., N—byte segments of compressed data) and striped onto

a disk array. The disk array stores all the information

that the file server can directly access.

The process for generating the fast forward and fast

reverse streams is performed in a non—real time manner such

that the video content is pre~encoded and stored in the file

server. The process requires a frame by frame analysis of

the video stream to enable the frames to be encoded in an

MPEG—2 compliant form, yet provide a fast forward and fast

reverse effect when decoded. As such, the video sequence is

processed to extract every Rth frame {i.e., one of every R

frames, where R is an integer greater than 1) to form a fast

forward sequence and then the fast forward sequence is

encoded {compressed}. For a fast reverse stream, a sequence

of frames in reverse order is created and encoded. This

encoding process can not be used for producing fast forward

and fast reverse streams in real time such that a real time

program can be encoded and stored for almost immediate use

of VCR—like functions.

Therefore, there is a need in the art for an improved

encoding system for a video—on~demand system to ensure near

real—time availability of fast forward and fast reverse

functions and real—time availability of a high bit rate
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video bitstream that, when decoded. produces a play
sequence.

§Q Y OE THE Iflflfiflffllflfl

The disadvantages associated with the prior art are

overcome by the invention of a demand television system that

simultaneously encodes a broadcast video frame sequence into

a broadcast bitstream and a storage bitstream. The

broadcast bitstream is broadcast to system subscribers as

the sequence is encoded, while the storage bitstream is

stored in an information server. The subscriber may, at any

time during the broadcast, elect to review content of the

broadcast that was pxeviously displayed. Upon electing to

review, the system transmits the storage bitstream to the

subscriber in a pointcast manner. The storage bitstream

contains, for example, a plurality of selectable types of

bitstreams including fast forward, fast reverse and standard

play. As such, by requesting particular functions, the

subscriber is provided with VCR—like functions for a

broadcast program.

To facilitate this functionality, a video encoder that

simultaneously produces an MPEG-2 compliant fast forward,

fast reverse and play bitstreams from a sequence of video

frames, e.g., S0l—format video, as well as a real—time

bitstream for real—time transmission to the user as a

broadcast transmission. The encoder of the present

invention contains a broadcast encoder and a storage

encoder. The broadcast encoder encodes the video frame

sequence using, for example, a high bit rate encoder to

ensure accurate encoding and transmission of sporting

events. While simultaneously the storage encoder subsamples

the video sequence, extracts a plurality of frames from the

video sequence and buffers the subsampled frames.

Simultaneous with the subsampling and buffering, the storage

encoder also encodes the source frames within a real—time

encoder, e.g., an MPEG~2 encoder, to form a standard play

bitstream for storage within the file server.
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As the play bitstream is being encoded. the buffered

frames are recalled from the buffer and coupled to a second

real—time encoder. The second encoder forms both the fast

forward and fast reverse bitstreams using a time

multiplexing technique wherein a group of pictures (GOP) for

the fast forward stream can be formed, followed by the

compression of the same GOP having the frames organized in

reverse order. As such, the compressed GOPs are represented

by the fast forward.and fast reverse bitstreams. The play.

fast forward. and fast reverse bitstreams for each GOP are

organized into a file and stored on the mass storage device

(e.g., disk drive array) of the file server.

While the bitstreams that facilitate the VCR—like

functions are being encoded and stored. the high bit rate

encoded signal is broadcast to subscribers. As such, the

subscriber may watch an event (e.g., a sporting event) in

real—time, then elect to “rewatch” a previously viewed

portion of the real-time event. The viewer merely depresses

a “rewind” or reverse button on a remote control and the VOD

system accesses the stored event files and “plays” the fast

reverse bitstream. As such, the viewer is provided with the

sense of a VCR rewind function. At an appropriate location

the viewer depresses a “play” button and the stored standard

play bitstream is transmitted to the viewer. The viewer may

“catch up" to the real—time event by either depressing a

fast forward button or a “real—time” button. The fast

forward button causes the stored fast forward bitstream to

be transmitted to the viewer to provide a sense of a VCR

fast forward mode and, when the fast forward bitstream

exhausts the available data, the system automatically

switches back to the real—time bitstream. The “real—time”

button causes the system to instantly switch back to the

real—time bitstream.
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“F DE CRIPT OF DRAWING

The teachings of the present invention can be readily

understood by considering the following detailed description

in conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram of a video—on-demand system

that operates in accordance with the present invention;

FIG. 2 depicts a block diagram of the encoder of the

present invention;

FIG. 3 illustrates the method of the present invention

used to produce a fast forward bitstream;

FIG. 4 illustrates the method of the present invention

used to produce a fast reverse bitstream; and

FIG. 5 illustrates the interaction model between the

service provider equipment and subscriber equipment.

To facilitate understanding, identical reference

numerals have been used, where possible, to designate

identical elements that are Common to the figures.

DET5 ILED DESCRI Pflflgm

FIG. 1 depicts a high level block diagram of the

illustrative information distribution system 100 that

incorporates the present invention. The system 100 contains

service provider equipment 102, a communications network in

the form of a cable transport subsystem 104 and subscriber

equipment 10¢“ where n is an integer greater than 0. The

service provider equipment 102 contains an information

server 108 which is typically a parallel processing computer

containing at least one central processing unit 110 and

associated memory 112. U-S. patent number 5,671,377. issued

September 23, 1993 and U.S. patent number 5,579,527, issued

November 26, 1996, which are hereby incorporated herein by

reference, describe a server that is capable of operating in

the capacity of information server 108. The server 108

interacts with the data storage device 114 (e.g., a disk

drive array) that generally stores the subscriber

information (e.g.. video data) that is transmitted directly
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to the subscriber equipment 106 as well as recalled and

downloaded to the subscriber equipment 106. The video data

is produced by an encoder 200 as two streams: the first is

a stream containing a real—time bitstream of encoded video

information that is to be broadcast to the subscribers

(referred to herein as the broadcast stream), the second is

a stream containing a non—real~time bitstream of encoded

video information that is stored by the information server

to facilitate VCR—1ike functions (referred to herein as the

storage stream).

Additionally, within the service provider equipment 102

is a video session manager 122 that provides session control

of the information flowing to and from the server 108. The

video session manager 122 contains its own central

processing unit (CPU) 124 and associated memory 126 that

provides functionality for the graphical user interfaces

through which the consumer interacts with the system. The

CPU 124 is part of a session control manager 125 that

controls a plurality of modems 127 that facilitate

communication with the subscriber equipment. Other

subsystems of the service provider equipment include a

network manager 142 and a back office subsystem 144. These

subsystems maintain certain databases of information that

enable the system to accurately control system access,

subscription package definitions, and subscriber/consumer

profile and billing-

The information server 108 is coupled to the video

session manager 122 via data path 116, synchronization clock

path 118, and control path 120. The server 108 provides

data streams that are destined for consumers on path 116 and

a synchronization clock on.path 118. The specific data

streams are provided in response to requests for information

(e-g., menu applets, video programs, and other content

material) from the video session manager 122 on path 120.

These data streams are packetized and modulated onto a

carrier that is compatible with the transmission

requirements of the network 104.
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The video session manager 122 accomplishes all of the

transmission interface requirements of the system 100 as

well as provides graphical user interface support.

Specifically, the video session manager 122 is coupled

through the modems 127 to subscriber equipment via a forward

information channel 132, a forward command channel 133 and a

back channel 134. All three of these channels are supported

by the cable transport subsystem 104. The video session

manager 122 contains a modulator for modulating the server

data streams onto one or more carrier frequencies for

transmission on the forward information channel 132.

Additionally, modems 127 within the video session manager
122 send control information via the forward command Channel

and receive control information via the back channel.

Moreover, a conventional cable television signal source 128

is optionally coupled to the forward information channel via

a signal coupler 130. In operation. the video session

manager 122 responds to requests from the subscriber

equipment 106 for interactive menus and data streams by

requesting the server 108 to provide such information, then

communicating that information to the requesting subscriber

equipment 106. The video session manager 122. as discussed

below. also ensures that the subscriber equipment 106 is

authorized to receive the requested information.

The cable transport subsystem 104 can be any one of a

number of conventional broad band communications networks

that are available such as a fiber optic network. a

telephone network, existing cable television network and the

like. For example. if the network is a hybrid fiber—coax

network, the transport technique used in both forward

channels may be modeled after the moving pictures expert

group (MPEG} transport protocol for the transmission of

video data streams. In general, the transport mechanism for

both the forward channels and transport information to the

subscriber equipment must be able to carry unidirectional,

asynchronous packetized data such as that defined in the

MPEG video and audio signal transmission protocol, and the
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like. There are a number of such transport protocols
available.

The subscriber equipment 106 receives the requested

data streams as well as broadcast streams from the forward

information channel, demodulates the streams and processes

them for display on the display device 140 (e.g., a

conventional television). In addition, the terminal 136

accepts commands from a remote control input device 138 or

other input device to facilitate consumer interaction with

the system. These commands are formatted. compressed,

modulated, and transmitted through the network 104 to the

video session manager 122. Typically; this transmission is

accomplished through the back channel 134. These commands

are preferably transmitted through the same network used to

transmit information to the subscriber equipment. However,

the back channel coupling the subscriber equipment to the

server may be a separate network, e.g., a forward

information channel through a television cable network and a

back channel through a telephone network. The telephone

network could also support the forward control channel. The

video session manager 122 interprets each comand set from

the terminal through the back channel and instructs the

information server to perform certain functions to implement

the consumer/subscriber request.

FIG. 2 depicts a block diagram of the encoder 200

comprising a broadcast encoder 250 and a storage encoder

255. The broadcast encoder a source video sequence in a

conventional manner, i.e.. compressing the source video

sequence in real—time as the frames are input to the

encoder. For example, this encoder may be a high speed

encoder such as an 8 Mbps MPEG-2 encoder that accurately

encodes such difficult to compress programming such as

sporting events.

The storage encoder 252 comprises a first encoder 202,

frame subsampler 204, a frame buffer 206, a second encoder

208 and a controller 210. The first encoder 102 encodes a

source video sequence in a conventional manner, i.e.,

compressing the source video sequence in real—time as the
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frames are input to the encoder. The second encoder 208

operating in conjunction with the subsampler 204 and the

buffer 206 encodes a subsampled version of the source video

sequence to form a fast forward and fast reverse bitstreams

5 (collectively referred to herein as trick play bitstreams or

trick play streams). The first encoder {the play stream

encoder 202) contains a real—time MPEG-2 encoder that

produces an MPEG-2 compliant, compressed video bitstream (a

play stream} from a sequence of 60l—format video frames.

The second encoder {the trick play stream encoder 204) is

also an MPEG—2 real—time encoder 212.

For the following discussion, frame numbering is used

to describe the temporal order in which frames occur in

source material where 1 is the first frame in the source

material frame sequence and 2 is the second frame and so on.

For the following description, R is an integer and defines a

play—back speed multiplier which has significance in the

trick play processes. The speed multiplier R is a variable

that is established by the controller 210. Throughout this

disclosure. the exemplary trick play streams are fast

forward and fast reverse. Of course other forms of trick

play streams may be generated using the encoder 200 of the

present invention. If the multiplier R equals 2, playback

(decoding) of a fast forward stream is twice normal single

speed. If R equals 3. playback is three times normal play

speed and so on. Generally, the trick play streams include

a nine times fast forward stream and a nine times fast

reverse stream. Alternatively, 32 times normal fast forward

and fast reverse streams are also available. The term

source is used to describe the uncompressed video material

(6D1—format video) from which fast forward and fast reverse

bitstreams are generated.

Using the encoder 200, a fast forward MPEG Video

bitstream is generated from an uncompressed video source

such that when the stream is played back linearly through a

standard MPEG compliant video decoder, the resulting imagery

contains every Rth frame of the original video sequence. As

such, the display of the sequence has a fast forward effect.



651

W0 0053553 ‘ 1 0 _ PCT{US99I'27755

A fast reverse stream is simultaneously produced by the

storage encoder 252 such that when linearly played back

through a an MPEG compliant video decoder, the decoded

stream produces a sequence of frames that play in reverse

relative to the original frame sequence.

The play bitstream is formed using a conventional

MPEG—comp1iant encoder 202 that compresses a plurality of

frames (N frames that form a group—of-pictures (GOPJ). To

form the trick play streams having N frame GOPs, the

subsampler 204 extracts one out of every R consecutive

frames (arranged in increasing time code order} from the

source sequence. The selected N frames are buffered in the

frame buffer 206. For example, if R is two and the buffer

stores N frames, the buffer stores frames 1, 3. 5, 7, 9, and

so on up to frame 2N+1. The buffer 206 stores N successive

frames that define a GDP for the trick play bitstreams.

To produce a fast forward stream, the N frames from the

buffer 206 are recalled under the control of the controller

210 and coupled sequentially into the real—time encoder 208.

The output is a compressed bitstream representing a fast

forward GOP.

To produce a fast reverse stream, the N frames from the

buffer 206 are recalled under the control of the controller

210 and are coupled in reverse time order into the encoder

208. Although two encoders could be used to produce each of

the trick play streams independently, as long as R equals

two or more, a single encoder can be used to produce both

trick play tracks using time multiplexing technique. To

perform the multiplexed encoding, the fast forward GOP is

encoded first, then the fast reverse GOP. After the buffer

is filled with another N frames. the GOP pair is again

encoded and so on. The recall order of the frames from the

buffer and.the multiplexing process are controlled by

controller 110 by addressing the buffer in forward order for

the fast forward GOP and in reverse order for the fast

reverse GDP.

The forward and reverse GOPS contain sequence start and

sequence end codes such that. when stored in a mass storage
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device along with the standard play stream, the bitstreams

are clearly delimited.

The forward and reverse GOP bitstreams are stored with

the play stream in a storage medium such as a disk drive

array or magneto—optical disks The fast forward stream is

written sequentially, one GOP bitstream at a time, from the

lowest address to the highest address. The reverse

bitstream is stored in reverse order from highest address to

lowest address. The last byte in the reverse GOP is placed

in the highest address space of the reverse target file. As

such, the reverse GOP precedes, in address space, the first

frame of the immediately previously written reverse GOP-

The entire source material frame sequence is encoded in

this manner to simultaneously produce a play. a fast

forward, and fast reverse streams in real—time.

FIG. 3 illustrates the process by which a fast forward

stream is produced. Sequence 300 represents the RN frames

that have been subsampled from a video frame sequence at a

one of R rate from a video frame sequence and stored in the

buffer (e.g., R=2, then 2N frames are subsampled to form a

trick play GDP). The integer N is the number of frames that

are encoded into each GOP of the standard play stream.

These buffered frames are recalled from memory, encoded and

then associated with a normal play stream having a GOP of N

frames. The encoder (at step 302) repetitively produces a

sequence of GOPs 304 that are stored in increasing addresses

in memory as illustrated in sequence 305. The first GOP

{GDP 0) contains frames 1 to RN+1, the second GOP (GDP 1)

contains frames R(N+l)+l through 2RN+l, the third GOP (GDP

2) contains frames 2R(N+1}+1 through 3RN+l, and so on- To

generalize, a GOP contains frames GR(N+1}+l through

{G+1)RN+1, where G is the GOP number (e.g.. 0, l, 2, 3, .H},

R is the subsampling rate, and N is the number of frames in

a standard play GOP.

FIG. 4 illustrates the process by which a fast reverse

stream is produced. Sequence 400 represents the RN frames

that have been buffered after subsampling at one of R rate

{e.g., R=2 in FIG. 4). At step 402, these frames are
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selected from.the buffer in reverse order as illustrated at

404. The reverse order frames are encoded, at step 405, to

produce a sequence of GDPS 408 that are stored in reverse

time order in memory as illustrated in sequence 410.

Returning to FIG. 2. the real—time broadcast encoder

250 is, for example, a high data rate encoder (e.g.,

producing an 8 Mbps data rate MPEG bitstream) from a

real—time television broadcast. The source video is, for

example, a television feed of a sporting event. The source

video either arrives at the encoder in a frame—based digital

video format, such as 601 video, or is converted from some

other format into a framewbased video format prior to the

encoder. The real—time broadcast encoder operates

simultaneously with the storage encoder such that the real-

time broadcast bitstream is coupled to the transmission

system as the storage bitstreams are being stored in the

information server's data storage.

Returning to FIG. 1 and simultaneously referring to the

flow diagram 500 of FIG. 5, The source video is encoded as a

broadcast stream in step 502 and as a storage stream in step

504. As described above. the storage bitstream is stored in

the information server memory at step 506. while the

broadcast bitstream is transmitted to the subscribers at

step 508. To facilitate broadcast of the broadcast

bitstream. the broadcast bitstream is coupled into path 115

to the video session manager 122. The Video session manager

122 multiplexes the broadcast bitstream into a transport

stream along with all the other multimedia signals, control

signals and the like that are transmitted through the cable

transport subsystem 104 to the subscriber equipment 106. At

step 510, the subscriber terminal 136 demodulates,

demultiplexes and decodes the broadcast bitstream for

real—time display.

To facilitate UCR—1ike functions with respect to the

broadcast bitstream. the subscriber terminal 136 can request

the stored bitstreams corresponding to the broadcast

bitstream by manipulating the input device 138 (step 512) in

the same manner as the device is used to control the display
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of any other video asset. The subscriber, at any time, may

elect to review a portion of the program that has already

been watched. As such, the subscriber manipulates the input

device 138 (step 512) such that, at step 514, a “rewind” or

fast reverse comand is sent from the subscriber terminal

136 to a modem 12? requesting rewind. The session control

manager 125 then instructs, at step 516, the information

server 108 to recall the fast reverse stream associated with

the broadcast bitstream and send, at step 518, the fast

reverse stream to the requesting subscriber, i.e., the

transmission to the subscriber is now changed from a

broadcast transmission to a pointcast transmission. At step

520, the subscriber terminal demodulates, demultiplexes and

decodes the transport stream carrying the reverse play

stream such that the display 140 depicts the broadcast video

running quickly backwards at some rewind rate, e.g. , nine

times standard play.

At some point during the “rewinding” of the video

sequence, the subscriber may, at step 522, elect to “play”

the video sequence- By selecting the “play' button on the

input device, the subscriber terminal sends, at step 524, a

request to the session control manager 125. The session

control manager 125 then requests, at step 526, the standard

play stream to be sent. at step 528, to the subscriber

starting at the location at which the video sequence had

been “rewound", i.e., whatever frame number the subscriber

was viewing at the time the play button was depressed with

be the starting frame number that is sent to the subscriber

in the play stream. At step 530, the play stream is then

demodulated, demultiplexed, and decoded such that the

display in the subscriber's home transitions from rewind to

play. The subscriber may then watch the program from this

point forward or may request another trick play function.

For example, at step 532, the subscriber selects a fast

forward function to move through the video quickly, e.g.,

nine times standard play speed. If the subscriber elects to

fast forward through the video, the subscriber terminal once

again sends, at step 534, a request to the session control
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manager 125 which, in turn, requests, at step 536, the

information server to recall the fast forward stream

starting at the frame (or near the frame} that the user was

then watching in the play stream. The session control

manager 125 sends, at step 538, the fast forward stream to

the subscriber. At step 540. the fast forward stream is

then demodulated, demultiplexed and decoded to present a

fast forward display. This stream.will be transmitted until

there is no longer any fast forward data, i.e., the storage

bitstream catches up with the broadcast stream and an end of

file (EOF) indicator is reached. At that occurrence, the

subscriber terminal, at step 542, automatically switches

the subscriber back to the broadcast stream. At step 544,

the subscriber terminal 136, demodulates, demultiplexes and

decodes the broadcast stream.

An alternative to requiring the subscriber to fast

forward to catch up to the broadcast stream is to provide a

“catch up" button that, when depressed, causes the

subscriber terminal to instantly transition from decoding

the storage bitstream to decoding the broadcast bitstream.

This button may be a hardware button on the input device or

a software button that is displayed on the television

display.

Although various embodiments which incorporate the

teachings of the present invention have been shown and

described in detail herein, those skilled in the art can

readily devise many other varied embodiments that still

incorporate these teachings.
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What is claimed is:

1. Apparatus for providing demand television comprising:

a broadcast encoder (250) for encoding a video frame

sequence to form a broadcast bitstream;

a storage encoder {252) for encoding the video frame

sequence to form a storage bitstream;

a transmission system (104) for transmitting the

broadcast bitstream to subscriber equipment;

a storage device (108) for storing the storage

bits tream; and

wherein the storage device stores the storage bitstream

at the same time that the transmission system transmits the

broadcast hitstream.

2. The apparatus of claim 1 wherein said broadcast encoder

is a high data rate encoder.

3. The apparatus of claim 1 wherein said storage bitstream

contains play and trick play bitstreams.

4. The apparatus of claim 1 wherein said storage encoder

comprises:

a first encoder (202) for producing a first bitstream

that contains information that, when decoded, produces a

standard forward play video frame sequence;

a frame subsampler (204),-

a buffer (206) that stores subsampled frames of the

video sequence;

a second encoder (208) for producing a second bitstream

that contains information that, when decoded, produces a

fast forward video frame sequence:

a third encoder (208) for producing a third bitstream

that contains information that, when decoded, produces a

fast reverse video frame sequence; and

a controller (210) that selects subsampled frames from

the buffer and couples to selected frames to the second and

third,encoders.
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5. The apparatus of claim 4 wherein said first encoder is

an MPEG encoder that encodes N frames of the video sequence.

6. The apparatus of claim 5 wherein said second and third

encoders are MPEG encoders that encodes N subsampled frames.

7. The apparatus of claim 4 wherein the controller

multiplexes selection of the frames from the buffer to apply

a plurality of subsampled frames to said second encoder to

form said second bitstream and then apply a plurality of

subsampled frames to said third encoder to form said third

bitstream.

8. A method for providing demand television comprising the

steps of:

encoding (502), in real—time, a broadcast video frame

sequence to form a broadcast bitstream. while at the same

time encoding (504) the broadcast video frame sequence to

form a storage bitstream:

broadcasting (508) the broadcast bitstream to

subscriber equipment;

storing (506) the storage bitstream within a storage

device:

upon a subscriber selecting to View information

previously broadcast by the broadcast bitstream,

transmitting (518; 528; 538) to the subscriber the storage

bitstream.

9. The method of claim 8 wherein said storage bitstream

encoding step comprises the steps of:

encoding (302) said frames to form a first bitstream;

subsampling (204) said broadcast video frames;

buffering (206) said subsampled frames;

recalling (302) said buffered frames in a forward time

sequence order;

encoding (302) said recalled buffered frames to form a

second bitstream;



658

recalling (402) said buffered frames in a reverse time

sequence order;

encoding (406) said recalled buffered frames to form a

third bitstream.

10. The method of claim 8 wherein said storage bitstream

contains a plurality of bitstream types and said storage

bitstream transmitting step further comprises the steps of:

recalling from said storage device a particular

bitstream in response to a request for a particular

bitstream type from a subscriber terminal;

addressing the requested bitstream to said requesting

subscriber;

transmitting said requested bitstream to said

subscriber equipment.

11. The method of claim 10 wherein said storage bitstream

types include a play bitstreamd a rast forward bitstream and

a fast reverse bitstream.

12. The method of claim 11 wherein said fast forward

bitstream contains an indicator that delimits the end of

available data and the method further comprises a step of

switching from transmitting a fast forward bitstream to

transmitting said broadcast bitstream_upon reaching the

indicator.

13. A method of providing demand television comprising the

steps of:

transmitting (508) a broadcast bitstream to a plurality

of subscriber equipment;

storing (506) said broadcast bitstream as a storage

bitstream while said broadcast bitstream is being

transmitted:

decoding (510), within subscriber equipment, said video

bitstream; and

upon said subscriber equipment requesting (514; 524;

534) said storage bitstream to enable review of information
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contained in said broadcast bitstream, transmitting (513;

528; 538) said storage bitstream to said subscriber having

requested the storage bitstream.

5 14. The method of claim 13 wherein said storage bitstream

comprises a play bitstream and a trick play bitstream.

15. The method of claim 14 wherein said trick play

bitstream comprises a fast forward bitstream and a fast

reverse bitstream.

16. The method of claim 15 further comprising the step of:

upon said fast forward bitstream being exhausted of

data, automatically switching (520; 524) from said storage

bitstream to said broadcast bitstream.

17. The method of claim 13 further comprising the step of:

upon said subscriber equipment requesting (522, 524)

said broadcast bitstream, switching £544) from said storage

bitstream to said broadcast bitstream.
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MULTIMEDIA SIGNAL Paocessmc. Svsram

BACKGROUND OF THE INVENTION

TECHNICAL FIELD

The invention relates to the time shifting of television broadcast signals. More

particularly, the invention relates to the real time capture, storage, and display of

television broadcast signals.

DESCRIPTION OF THE PRIOR ART

The Video Cassette Recorder (VCR) has changed the lives of television (TV) viewers

throughout the wortd. The VCR has offered viewers the flexibility to time—shilt TV

programs to match their lifestytes.

The viewer stores TV programs onto magnetic tape using the VCR. The VCR gives

the viewer the ability to play, rewind, fast-forward and pause the stored program

material. These functions enable the viewer to pause the program playback whenever

he desires, fast forward through unwanted program material or commercials, and to

replay favorite scenes. However. a VCR cannot both capture and play back

Information at the same time.

One approach to solving this problem is to use several VCFIS. For example, if two

video tape recorders are available, it might be possible to Ping~Pong between the

two. in this case, the first recorder is started at the beginning of the program of interest. If

the viewer wishes to rewind the broadcast, the second recorder begins recording, while

the lirst recorder is halted, rewound to the appropriate place, and playback initiated.

However, at least a third video tape recorder is required it the viewer wishes to fast

fonivard to some point in time after the initial rewind was requested. ln this case, the third

recorder starts recording the broadcast stream while the second is halted and rewcund

to the appropriate position. Continuing this exercise, one can quickly see that the

equipment becomes unwieldy, unreliable, expensive, and hard to operate, while never

supporting all desired functions. In addition, tapes are of finite length, and may

potentially end at inconvenient times, drastically lowering the value ot the solution.
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The use of digital computer systems to solve this problem has been suggested.

U.S. Pat. No. 5,371,551 issued to Logan et at, on 6 December 1994, teaches a

method for concurrent video recording and playback. It presents a microprocessor

controlled broadcast and playback device. Said device compresses and stores video

data onto a hard disk. However, this approach is diflicult to implement because the

processor requirements for keeping up with the high video rates makes the device

expensive and problematic. The microprocessor must be extremely fast to keep up

with the incoming and outgoing video data.

It would be advantageous to provide a multimedia signal processing system that gives

the user the ability to simultaneously record and play back TV broadcast programs. it

would further be advantageous to provide a multimedia signal processing system that

utilizes an approach that decouples the microprocessor from the high video data rates,

thereby reducing the microprocessor and system requirements, which are at a premium.

SUMMARY OF THE INVENTION

The invention provides a multimedia signal processing system. The invention utilizes

an easily manipulated, low cost multimedia storage and display system that allows the

user to view a television broadcast program with the option of instantly reviewing

previous scenes within the program. In addition, the invention allows the user to store

selected television broadcast programs while the user is simultaneously watching or

reviewing another program.

A preferred embodiment of the invention accepts television (TV) input streams in a

multitude of forms, for example, anaiog forms such as National Television Standards

Committee (NTSC) or PAL broadcast, and digital forms such as Digital Satellite

System (D88), Digital Broadcast Services (DBS). or Advanced Television Standards

Committee (ATSC). Analog TV streams are converted to an Moving Pictures Experts

Group (MPEG} formatted stream tor internal transfer and manipulation, while pre-

formatted MPEG streams are extracted from the digital TV signal and presented in a

similar format to encoded analog streams.

The invention parses the resulting MPEG stream and separates it into its video and

audio components. it then stores the components into temporary buffers. Events are

recorded that indicate the type of component that has been found, where it is located,

and when it occurred. The program logic is notified that an event has occurred and the

data is extracted from the buffers.



671

W0 03/019932 PCTIUSIDZ/24978

The parser and event buffer decouple the CPU from having to parse the MPEG

stream and from the real time nature of the data streams. This decoupling allows for

slower CPU and bus speeds, which translates to lower system costs.

The video and audio components are stored on a storage device. when the program

is requested for display. the video and audio components are extracted from the

storage device and reassembled into an MPEG stream. The MPEG stream is sent to

a decoder. The decoder converts the MPEG stream into TV output signals and

delivers the TV output signals to a TV receiver.

User control commands are accepted and sent through the system. These commands

affect the flow of said MPEG stream and allow the user to view stored programs with at"

least the following functions: reverse, fast forward, play, pause, index, fast/stow reverse

play, and fastfstow play.

Furthermore, the invention incorporates a versatile system architecture that makes it

possible to provide the invention in a variety of configurations, each adapted to receive

input signals from a different source. At the highest level, the system board comprises

an input section and an output section, in which the output section includes the core

functional components. Across all configurations, the output section remains substantially

the same, incorporating the three core components either as three discrete chips or as a

chipset, while the input section varies according to the signal type and the source. in this

way, several configurations are provided, each one requiring only minor modifications to

the system board. The system architecture thus simplifies the design and manufacturing

challenge presented by producing units to serve different markets, such as digital

satellite, digital cable and analog cable.

The core components of the output section of the invention include: a CPU having the

primary function of initializing and controlling the remaining system hardware

components, an MPEG-2 decoderfgraphics subsystem, in communication with the

CPU, primarily responsible for decoding transport streams delivered from the input

section, and a media manager, in communication with the MPEG-2 decoder/graphics

subsystem. having a variety of functions, including media processing, high-speed

transport output and miscetlaneous I/0 functionality. The invention further includes a-

transport stream interface between the input section and output sections, several

memory components, one or more mass storage devices for storage of the separate

audio and video components of the input signal, and a system bus for the transfer of

data between the various system components of the invention. Other aspects and

-3-
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advantages of the invention will become apparent from the following detailed

description in combination with the accompanying drawings, illustrating, by way of

example. the principles of the invention.

BRIEF DESCRIPTION OF THE DFIAWING§

Fig. 1 is a biock schematic diagram of a high level view of a preferred embodiment of

the invention according to the invention;

Hg. 2 is a block schematic diagram of a preferred embodiment of the invention using

multiple input and output modules according to the invention;

Hg. 3 is a schematic diagram of an Moving Pictures Experts Group (MPEG) data

stream and its video and audio components according to the invention;

Hg. 4 is a block schematic diagram of a parser and four cfirect memory access (DMA)

input engines contained in the Media Switch according to the invention;

Hg. 5 is a schematic diagram of the components of a packetized elementary stream

(PES) buffer according to the invention;

Fig. 6 is a schematic diagram of the construction of a PES buffer from the parsed

components in the Media Switch output circular buffers;

Fig. 7 is a block schematic diagram of the Media Switch and the various components

that it communicates with according to the invention;

Fig. 8 is a block schematic diagram of a high level view of the program logic amording to

the invention;

Fig. 9 is a block schematic diagram of a class hierarchy of the program logic according to

the invention;

Fig. 10 is a block schematic diagram of a preferred embodiment of the clip cache

component of the invention according to the invention;
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Hg. 11 is a block schematic diagram of a preferred embodiment of the invention that

emulates a broadcast studio video mixer according to the invention;

Fig. 12 is a block schematic diagram of a closed caption parser according to the

invention;

Fig. 13 is a block-schematic diagram of a high level view of a preferred embodiment of

the invention utilizing a VCFI as an integral component of the invention according to the

invention.

Fig. 14 is a block schematic diagram of a high level view 01 a system architecture

according to the invention;

Hg. 15 is a block schematic diagram of an output section of the system of Figure 14

according to the invention;

Fig. 16 is a block schematic diagram of a first version of an input section of the system of

figure 14, adapted to receive an analog signal according to the invention

Hg. 17 is a block schematic diagram of a second version of an input section of the

system of Figure 14, adapted to receive a digital satellite signal according to the

invention;

Fig. 18 is a block schematic diagram of a third version of an input section of the system

of figure 14, adapted to receive a digital cable signal according to the invention;

Fig. 19 is a block diagram of a first embodiment of the system of Figure 14 according to

the invention;

Fig. 20 is a block schematic diagram of a second embodiment of the system of Figure

14 according to the invention;

Fig. 21 is a block schematic diagram of a third embodiment of the system of figure 14

according to the invention; and '

Fig. 22 is a block schematic diagram of a system for processing media stream data

across multiple channels, in parallel according to the invention.



674

W0 03/019932 PCTIUSUZ/24978

DETAILED DESCRIPTION OF THE INVENTION

The invention is embodied in a muttimedia signal processing system. A system

according to the invention provides a multimedia storage and display system that allows

the user to view a television broadcast program with the option of instantty reviewing

previous scenes within the program. The invention additionally provides the user with

the ability to store selected tetevisicn broadcast programs while simultaneously

watching or reviewing another program and to view stored programs with at least the

following functions: reverse, fast forward, play, pause, index, fastfsiow reverse play.

and fast/slow play.

Referring to Fig. 1, a preferred embodiment of the invention has an Input Section 101,

Media Switch 102, and an Output Section 103. The Input Section 101 takes television

(TV) input streams in _a multitude of forms, for example, National Television Standards

Committee (NTSC) or PAL broadcast, and digital forms such as Digital Satellite

System (D88), Digital Broadcast Services {DB8}, or Advanced Television Standards

Committee (ATSC). DBS, D35 and ATSC are based on standards called Moving

Pictures Experts Group 2 (MPEG2) and MPEG2 Transport. MPEG2 Transport is a

standard for formatting the digital data stream from the TV source transmitter so that a TV

receiver can disassemble the input stream to find programs in the multiplexed signal.

The input Section 101 produces MPEG streams. An MPEG2 transport multiplex

supports multiple programs in the same broadcast channel, with multiple video and

audio feeds and private data. The input Section 101 tunes the channel to a particutar

program, extracts a specific MPEG program out of it, and feeds it to the rest of the

system. Analog TV signals are encoded into a similar MPEG format using separate

video and audio encoders, such that the remainder of the system is unaware of how the

signal was obtained. lntormation may be modulated into the Vertical Blanking Interval

(VB!) of the analog TV signal in a number of standard ways; for example, the North

American Broadcast Teletext Standard (NABTS) may be used to modutate information

onto lines 10 through 20 of an NTSC signai, while the FCC mandates the use of line 21

for Closed Caption (CC) and Extended Data Services (EDS). Such signals are

decoded by the input section and passed to the other sections as it they were

delivered via an MPEG2 private data channel.

The Media Switch 102 mediates between a microprocessor CPU 106, hard disk or

storage device 105. and memory 104. input streams are converted to an MPEG

stream and sent to the Media Switch 102. The Media Switch 102 butters the MPEG

stream into memory. It then performs two operations it the user is watching real time

-3-
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TV: the stream is sent to the Output Section 103 and it is written simultaneously to the

hard disk or storage device 105.

The Output Section 103 takes MPEG streams as input and produces an analog TV

signal according to the NTSC, PAL, or other required TV standards. The Output

Section 103 contains an MPEG decoder, On-Screen Display (OSD) generator, analog

TV encoder and audio logic. The OSD generator allows the program logic to supply

images which will be overlayed on top of the resulting analog TV signal. Additionally,

the Output Section can modulate information supplied by the program logic onto the

VBI of the output signal in a number of standard formats. including NABTS, CC and
EDS.

With respect to Fig. 2, the invention easily expands to accommodate multiple Input

Sections (tuners) 201, 202, 203, 204, each can be tuned to different types of input.

Multiple Output Modules (decoders) 206, 207, 208, 209 are added as well. Special

effects such as picture in a picture can be implemented with multiple decoders. The

Media Switch 205 records one program while the user is watching another. This means

that a stream can be extracted off the disk while another stream is being stored onto the

disk.

Fteferring to Hg. 3, the incoming MPEG stream 301 has inteiteaved video 302, 305,

306 and audio 303, 304, 30? segments. These elements must be separated and

recombined to create separate video 308 and audio 309 streams or buffers. This is

necessary because separate decoders are used to convert MPEG elements back into

audio or video analog components. Such separate delivery requires that time sequence

intomtation be generated so that the decoders may be properly synchronized for

accurate playback of the signal.

The Media Switch enables the program logic to associate proper time sequence

information with each segment, possibly embedding it directly into the stream. The time

sequence information for each segment is called a time stamp. These time stamps are

monotonically increasing and start at zero each time the system boots up. This allows

the invention to find any particular spot in any particular video segment. For example, if

the system needs to read five seconds into an incoming contiguous video stream that is

being cached. the system simply has to start reading forward into the stream and look

for the appropriate time stamp.

A binary search can he performed on a stored file to index into a stream. Each stream

is stored as a sequence of fixed—size segments enabling fast binary searches because

-7-
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of the uniform timestamping. If the user wants to start in the middle of the program, the

system performs a binary search of the stored segments unfit it finds the appropriate

spot, obtaining the desired results with a minimal amount of information. If the signal

were instead stored as an MPEG stream, it would be necessary to linearly parse the

stream from the beginning to find the desired location. ‘

With respect to Fig. 4, the Media Switch contains four input Direct Memory Access

(DMA) engines 402, 403, 404, 405 each DMA engine has an associated buffer 410,

411, 412, 413. Conceptually, each DMA engine has a pointer 406. a limit for that

pointer 40?, a next pointer 408, and a limit for the next pointer 409. Each DMA engine

is dedicated to a particular type of information, for example, video 402, audio 403, and

parsed events 405. The buffers 410. 41 1, 412, 413 are circular and collect the specific

information. The DMA engine increments the pointer 406 into the associated butter unfit

it reaches the limit 407 and then loads the next pointer 408 and limit 409. Setting the

pointer 405 and next pointer 408 to the same value, along with the corresponding limit

vaiue creates a circular buffer. The next pointer 408 can be set to a different address to

provide vector DMA.

The input stream flows through a parser 401. The parser 401 parses the stream

looking for MPEG distinguished events indicating the start of video, audio or private

data segments. For example, when the parser 401 finds a video event, it directs the

stream to the video DMA engine 402. The parser 401 buffers up data and DMAs it

into the video buffer 410 through the video DMA engine 402. At the same time, the

parser 401 directs an event to the event DMA engine 405 which generates an event

into the event buffer 413. When the parser 401 sees an audio event, it redirects the

byte stream to the audio DMA engine 403 and generates an event into the event

buffer 413. Similarly, when the parser 401 sees a private data event, it directs the

byte stream to the private data DMA engine 404 and directs an event to the event

buffer 413. The Media Switch notifies the program logic via an interrupt mechanism

when events are placed in the event buffer.

Referring to Figs. 4 and 5, the event buffer 413 is filled by the parser 401 with events.

Each event 501 in the event buffer has an offset 502, event type 503, and time stamp

field 504. The parser 401 provides the type and offset of each event as it is placed

into the buffer. For example, when an audio event occurs, the event type field is set to

an audio event and the offset indicates the location in the audio buffer 411. The

program logic knows where the audio buffer 411 starts and adds the offset to find the

event in the stream. The address offset 502 tells the program logic where the next
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event occurred, but not where it ended. The previous event is cached so the end of the

current event can be found as well as the length of the segment.

With respect to Figs. 5 and 6, the program logic reads accumulated events in the event

buffer 602 when it is interrupted by the Media Switch 601. From these events the

program logic generates a sequence of logical segments 603 which correspond to the

parsed MPEG segments 615. The program logic converts the offset 502 into the

actual address 610 of each segment, and records the event length 609 using the last

cached event. If the stream was produced by encoding an analog signal, it will not

contain Program Time Stamp (PTS) values, which are used by the decoders to

properly present the resulting output. Thus, the program logic uses the generated time

stamp 504 to calculate a simulated PTS for each segment and places that into the logical

segment timestamp 607. In the case of adigital TV stream, PTS values are already

encoded in the stream. The program logic extracts this information and pieces ‘rt in the

logical segment timestamp 607.

The program logic continues collecting logical segments 603 until it reaches the fixed
buffer size. When this occurs, the program logic generates a new buffer. called a

Packetized Elementary Stream (PES) 605 buffer containing these logical segments

603 in order, plus ancillary control information. Each logical segment points 604 directly

to the circuiar buffer, e.g., the video buffer 613. filled by the Media Switch 601. This

new buffer is then passed to other logic components, which may fLIrther process the

stream in the buffer in some way, such as presenting it for decoding or writing it to the

storage media. Thus, the MPEG data is not copied from one location in memory to

another by the processor. This results in a more cost effective design since tower

memory bandwidth and processor bandwidth is required.

A unique feature of the MPEG stream transformation into PES buffers is that the data

associated with lcgicat segments need not be present in the buffer itself, as presented

above. When a PES buffer is written to storage, these logical segments are written to

the storage medium in the logical order in which they appear. This has the effect of

gathering components of the stream, whether they be in the video, audio or private

data circdar buffers, into a single linear buffer of stream data on the storage medium.

The butter is read back from the storage medium with a single transfer from the storage

media, and the logical segment information is updated to correspond with the actual

locations in the buffer 606. Higher level program logic is unaware ofthis transformation,

since it handles only the logical segments, thus stream data is easiiy managed without

requiring that the data ever be copied between locations in DRAM by the CPU.
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A unique aspect of the Media Switch is the ability to handle high data rates effectively

and inexpensively. It performs the functions of taking video and audio data in, sending

video and audio data out, sending video and audio data to disk, and extracting video

and audio data from the disk on a low cost platform. Generally, the Media Switch mns

asynchronously and autonomously with the microprocessor CPU, using its DMA

capabilities to move large quantities of information with minimal intervention by the

CPU.

Referring to Fig. 7, the input side of the Media Switch 701 is connected to an MPEG

encoder 703. There are also circuits specific to MPEG audio 704 and vertical blanking

interval (VBI) data 702 feeding into the Media Switch 701. If a digital TV signal is

being processed instead, the MPEG encoder 703 is replaced with an MPEG2

Transport Demultipiexor, and the MPEG audio encoder 704 and VB] decoder 702 are

deleted. The demultiplexor multiplexes the extracted audio, video and private data

channel streams through the video input Media Switch port.

The parser 705 parses the input data stream from the MPEG encoder 703, audio

encoder 704 and VB! decoder 702, or from the transport demultiplexor in the case of a

digital TV stream. The parser 705 detects the beginning of all of the important events it

a video or audio stream, the start of all ot the frames, the start of sequence headers - all

of the pieces of information that the program logic needs to know about in order to both

properly play back and perform special effects on the stream, e.g. fast forward,

reverse, play, pause, fast/slow play, indexing, and fastfslow reverse play.

The parser 705 places tags 707 into the FIFO 706 when it identifies video or audio

segments, or is given private data. The DMA 709 controls when these tags are taken

out. The tags 707 and the DMA addresses of the segments are placed into the event

queue 703. The frame type information, whether it is a start of a video I-frame, video B-

frame, video P—frame, video PES, audio PES, a sequence header, an audio frame, or

private data packet, is placed into the event queue 708 along with the offset in the

related circular buffer where the piece of information was placed. The program logic

operating in the CPU 713 examines events in the cirorlar buffer after it is translerred to

the DRAM 714.

The Media Switch 701 has a data bus 711 that connects to the CPU 713 and DRAM

714. An address bus 712 is also shared between the Media Switch 701, CPU 713,

and DRAM 714. A hard disk or storage device 710 is connected to one of the ports of

the Media Switch 701. The Media Switch 701 outputs streams to an MPEG video

decoder 715 and a separate audio decoder 717. The audio decoder 717 signals

-10-
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contain audio cues generated by the system in response to the user's commands on a

remote control or other internal events. The decoded audio output from the MPEG

decoder is digitaily mixed 718 with the separate audio signal. The resulting signals

contain video, audio, and on-screen displays and are sent to the TV 716.

The Media Switch 701 takes in 8-bit data and sends it to the disk, while at the same

time extracts another stream of data off of the disk and sends it to the MPEG decoder

715. Ali of the DMA engines described above can be working at the same time. The

Media Switch. 701 can be implemented in hardware using a Field Programmable Gate

Array (FPGA), ASIC, or discrete logic. '

Fiather than having to parse through an immense data stream looking for the start of

where each frame would be, the program logic only has to look at the circular event

buffer in DRAM 714 and it can tell what’ the start of each frame is and the frame type.

This approach saves a large amount of CPU power, keeping the real time requirements

of the CPU 713 smail. The CPU 7'13 does nothave to be very fast at any point h

time. The Media Switch 701 gives the CPU 713 as much time as possible to

complete tasks. The parsing mechanism 705 and event queue 708 decouple the CP U

713 from parsing the audio, video, and buffers and the real time nature of the streams,

which allows tor lower costs. It also allows the use of a bus structure in a CPU

environment that operates at a much lower clock rate with much cheaper memory than

would be required otherwise.

The CPU 713 has the ability to queue up one DMA transfer and can set up the next

DMA transfer at its leisure. This gives the CPU 713 large time intervals within which it

can service the DMA controller 709. The CPU 713 may respond to a DMA intenupt

within a larger time window because of the large latency allowed. MPEG streams,

whether extracted from an MPEG2 Transport or encoded from an analog TV signal, are

typically encoded using a technique called Variable Bit Rate encoding (VBR). This

technique varies the amount of data required to represent a sequence of images by the

amount of movement between those images. This technique can greatly reduce the

required bandwidth for a signal, however sequences with rapid movement (such as a

basketball game) may be encoded with much greater bandwidth requirements. For

example, the Hughes DirecTV satellite system encodes signals with anywhere from 1

to 1OMb/s of required bandwidth, varying from frame to frame. It would be difficult for

any computer system to keep up with such rapidly varying data rates without this
stmcture.
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with respect to Fig. 8, the program logic within the CPU has three conceptual

components: sources 801. transforms 802. and sinks 803. The sources 801 produce

buffers of data. Transforms 802 process butters of data and sinks 803 consume buffers

of data. A transform is responsible for allocating and queuing the buffers of data on

which it will operate. Buffers are allocated as it "empty" to sources of data, which give

them back "full". The buffers are then queued and given to sinks as "full", and the sink

will return the buffer ‘empty’.

A source 801 accepts data from encoders, e.g.. a digital satellite receiver. It acquires

buffers for this data from the downstream transform. packages the data into a buffer,

then pushes the butter down the pipeline as described above. The source object 801

does not know anything about the rest of the system. The sink 803 consumes butters,

taking a buffer from the upstream transfomt, sending the data to the -decoder, and then

releasing the buffer for reuse.

There are two types of transforms 602 used: spatial and temporal. Spatial transforms

are transforms that perform. for example, an image convolution or

compressionfdeoornpression on the buffered data that is passing through. Temporal

transforms are used when there is no time relation that is expressible between buffers

going in and buffers coming out of a system. Such a transtorrn writes the buffer to a file

804 on the storage medium. The buffer is pulied out at a later time, sent down the

pipeiine. and properly sequenced within the stream.

Referring to Fig. 9, a C++ class hierarchy derivation of the program logic is shown. The

Two Media Kernel (Trnk) 904, 908, 913 mediates with the operating system kernel.

The kernel provides operations such as: memory allocation, synchronization, and

threading. The TmkCore 904, 908, 913 structures memory taken from the media kernel

as an object. It provides operators, new and delete, for constructing and deconstruoting

the object. Each object (source 901, transform 902, and sink 903) is multi-threaded by

definition and can run in parallel.

The TmkPipeline class 905, 909, 914 is responsible for flow control through the

system. The pipelines point to the next pipeline in the flow from source 901 to sink

903. To pause the pipeline, for example, an event called “pause” is sent to the first

object in the pipeline. The event is relayed on to the next object and so on down the

pipeline. This all happens asynchronously to the data going through the pipeline. Thus,

similar to applications such as telephony, control of the flow of MPEG streams is

asynchronous and separate from the streams themselves. This allows for a simple logic

design that is at the same time powerful enough to support the features described

.12-
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previously, including pause, rewind, fast forward and others. In addition, this structure

allows fast and efficient switching between stream sources, since buffered data can be

simply discarded and decoders reset using a single event, after which data from the

new stream will pass down the pipeline. Such a capability is needed, for example,

when switching the channel being captured by the input section, or when switching

between a live signal from the input section and a stored stream.

The source object 901 is a Tmksource 906 and the transform object 902 is a Tmkxirrn

910. These are intermediate classes that define standard behaviors for the classes it

the pipeline. Conceptually, they handshake buffers down the pipeline. The source

object 901 takes data out of a physical data source. such as the Media Switch, and

places it into a PES buffer. To obtain the buffer, the source object 901 asks the down

stream object in his pipeline for a buffer (allocEmptyBuf). The source object 901 is

blocked until there is sufficient memory. This means that the pipeline is self-regulating; it

has automatic flow control. When the source object 901 has filled up the buffer, it hands

it back to the transform 902 through the pushFulIBuf function.

The sink 903 is flow controlled as well. It calls nextFullBuf which tells the transform 902

that it is ready for the next filled buffer. This operation can block the sink 903 until a

buffer is ready. when the sink 903 is finished with a butler (i.e., it has consumed the

data in the buffer) it calls releaseEmptyBuf. l'-teleaseEmptyBut gives the buffer back

to the transform 902. The transform 902 can then hand that buffer, for example, back to

the source object 901 to fill up again. In addition to the automatic flow-control benefit of

this method, it also provides for limiting the amount of memory dedicated to buffers by

allowing enforcement of a fixed allocation of buffers by a transform This is an important

feature in achieving a cost-effective limited DRAM environment.

The Mediaswitch class 909 calls the allocErnptyBuf method of the TmkClipCache 912

object and receives a PES buffer from it . It then goes out to the circular buffers in the

Media Switch hardware and generates PES buffers. The Mediaswitch ciass 909 title

the buffer up and pushes it back to the Tmkclipcache 912 object.

The TmkClipCache 912 maintains a cache file 918 on a storage medium. It also

maintains two pointers into this cache: a push pointer 919 that shows where the next

buffer coming from the source 901 is inserted: and a current pointer 920 which points to

the current buffer used.

The buffer scheme can be implemented using a memory pool where each buffer is

allocated on demand by a memory manager. The buffers are linked together by next
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buff pointers in a linked list 918. As buffers are released, they a freed back into the

memory pool and are available to be allocated to other classes or tasks within the

system. The push pointer 919 points to the last buffer in the linked list while the current

pointer 920 points to the current buffer used.

The buffer that is pointed to by the current pointer is handed to the Vela decoder class

916. The Vela decoder class 916 talks to the decoder 921 in the hardware. The

decoder 921 produces a decoded TV signal that is subsequently encoded into an

analog TV signal in NTSC, PAL or other analog format. When the Vela decoder class

916 is finished with the buffer it calls releaseEmptyBuf. I

The structure of the classes makes the system easy to test and debug. Each level can

be tested separately to make sure it performs in the appropriate manner, and the

classes may be gradually aggregated to achieve the desired functionality while retaining

the ability to effectively test each object.

The control object 917 accepts commands from the user and sends events into the

pipeline to control what the pipeline is doing. For example, if the user has a remote

control and is watching TV, the user presses pause and the control object 91? sends an

event to the sink 903, that tells it pause. The sink 903 stops asking for new buffers.

The current pointer 920 stays where it is at. The sink 903 starts taking buffers out again

when it receives another event that tells it to play. The system is in perfect

synchronization; it starts from the frame that it stopped at.

The remote control may also have a fast forward key. When the fast forward key is

pressed, the control object 91? sends an event to the transform 902, that tells it to

move forward two seconds. The transform 902 finds that the two second time span

requires it to move forward three buffers. It then issues a reset event to the

downstream pipeline, so that any queued data or state that may be present in the

hardware decoders is flushed. This is a critical step. since the structure of MPEG

streams requires maintenance of state across multiple frames of data. and that state will

be rendered invalid by repositioning the pointer. It then moves the current pointer 920

forward three buffers. The next time the sink 903 calls nextFutlBuf it gets the new

cu rrent buffer. The same method works for fast reverse in that the transform 902 moves

the current pointer 920 backwards.

A system clock reference resides in the decoder. The system clock reference is sped

up for fast play or stowed down for slow play. The sink simply asks for full buffers faster

or slower, depending on the clock speed.

-14-
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With respect to Fig. 10, two other objects derived from the Tmkxfrm class are placed "n

the pipeline for disk access. One is called TmkClipFteader 1003 and the other is called

Trnkclipwriter 1001. Buffers come into the Tml<ClipWriter 1001 and are pushed to a

file on a storage medium 1004. TmkClipFleader 1003 asks for buffers which are taken

off of alile on a storage medium 1005. A TmkC|ipReader 1003 provides only the

aIIocEmptyBuf and pushFuIlBuf methods, while a Tmkclipwriter 1001 provides only

the nextFullBuf and releaseEmptyBuf methods. A TmkClipFleader- 1003 therefore

performs the same function as the input, or "push" side of a TmkClipCache 1002, while

a TmkClipWriter 1001 therefore performs the same function as the output, or “pull" side

of a TmkClipCache 1002.

Fleferring to Fig. 11, a preferred embodiment that accomplishes multiple functions is

shown. A source 1101 has aTV signal input. The source sends data to a Pushswitch

1102 which is a transfonn derived from Tmkxfrrn. The Pushswitch 1102 has multiple

outputs that can be switched by the control object 1114. This means that one part of

the pipeline can be stopped and another can be started at the users whim. The user

can switch to different storage devices- The Pushswitch 1102 could output to a

TmkClipWriter 1106, which goes onto a storage device 1107 or write to the cache

transform 1103.

An important feature of this apparatus is the ease with which it can selectively capture

portions of an incoming signal under the control of program logic. Based on information

such as the current time, or perhaps a specific time span, or perhaps via a remote

control button press by the viewer, a TmkClipWriter 1106 may be switched on to

record a portion of the signal, and switched off at some later time. This switching is

typically caused by sending a “switch” event to the Pushswitch 1102 object.

An additional method for triggering selective capture is through information modulated

into the VBI or placed into an MPEG private data channel. Data decoded from the VBI

or private data channel is passed to the program logic. The program logic examines

this data to determine if the data indicates that capture of the TV signal into which it was

lrnodulated should begin. Similarly, this information may also indicate when recording

should end, or another data item may be modulated into the signal indicating when the

capture should end. The starting and ending indicators may be explicitly modulated into

the signal or other information that is placed into the signal in a standard fashion may be

used to encode this information.
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With respect to Fig. 12. an example is shown which demonstrates how the program

logic scans the words contained within the closed caption (CC) fields to determine

starting and ending times, using particular words or phrases to trigger the capture. A

stream of NTSC or PAL fields 1201 is presented. CC bytes are extracted from each

odd field 1202, and entered in a circular buffer or linked list (using a memory allocation

scheme as described above) 1203 for processing by the Word Parser 1204. The

Word Parser 1204 collects characters until it encounters a word boundary, usually a

space, period or other detineating character. Recall from above, that the MPEG audio

and video segments are collected into a series of fixed-size PES buffers. A special

segment is added to each PES buffer to hold the words extracted from the CC field

1205. Thus, the CC information is preserved in time synchronization with the audio and

video, and can be correctly presented to the viewer when the stream is displayed. This

also allows the stored stream to be processed for CC information at the leisure of the

program logic, which spreads out load, reducing cost and improving efficiency. In such a

case, the words stored in the special segment are simply passed to the state table

logic 1206.

One skilled in the art will readily appreciate that although a circular buffer is specifically

mentioned ir1 areas above, a linked list using a memory pool allocation scheme, also

described above, can be substituted in its place.

During stream capture, each word is looked up in a table 1206 which indicates the action

to take on recognizing that word. This action may simply change the state of the

recognizer state machine 120?, or may cause the state machine 120? to issue an action

request, such as “start capture", “stop capture", "phrase seen", or other similar requests.

Indeed, a recognized word or phrase may cause the pipeline to be switched; for

example, to overlay a different audio track if undesirable language is used in the

program.

Note that the parsing state table 1206 and recognizer state machine 120? may be

modified or changed at any time. For example, a different table and state machine may

be provided for each input channel. Alternatively, these elements may be switched

depending on the time cl day. or because of other events.

Referring to Fig. 11, a PullSwitch is added 1104 which outputs to the sink 1105. The

sink 1105 calls nextFu|lBuf and releaseEmptyBuf to get or return buffers from the

Pullswitch 1 104. The Pul|Switch 1104 can have any number of inputs. One input could

be an Aclionclip 1113. The remote control can switch between input sources. The

control object 1114 sends an event to the Pullswitch 1104, telling it to switch. It will

switch from the current input source to whatever input source the control object selects.
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An Actionclip class provides tor sequencing a number of different stored signals in a

predictable and controllable manner, possibly with the added control of viewer selection

via a remote control. Thus, it appears as a derivative of a Tmkxfrm object that accepts a

“switch” event for switching to the next stored signal.

This allows the program logic or user to create custom sequences of video output. Any

number of video segments can be lined up and combined as if the program logic or

userwere using a broadcast studio video mixer. TmkCIipReaders 1 108, 1109, 11 10

are allocated and each is hooked into the Pullswitch 1104. The Putlswitch 1104

switches between the Tml<C|ipFleaders 1108, 1109, 1110 to combine video and

audio clips. Flow control is automatic because of the way the pipeline is constructed.

The Push and Pull Switches are the same as video switches in a broadcast studio.

The derived class and resulting objects described here may be combined in an arbitrary

way to create a number of different useful configurations for storing, retrieving, switching

and viewing of TV streams. For example, if multiple input and output sections are

available, one input is viewed while another is stored, and a picturein-picture window

generated by the second output is used to preview previously stored streams. Such

configurations represent a unique and novel application of software transformations to

achieve the functionality expected of expensive, sophisticated hardware solutions

within a single cost-effective device.

With respect to l-"lg. 13, a high-level system view is shown which implements a VCR

backup. The Output Module 1303 sends TV signals to the VCR 1307. This allows

the user to record TV programs directly on to video tape. The invention allows the user

to queue up programs from disk to be recorded on to video tape and to schedule the

time that the programs are sent to the VCR 1307. Title pages (EPG data) an be sent

to the VCR 1307 before a program is sent. Longer programs can be scaled to fit onto

smaller video tapes by speeding up the play speed or dropping frames.

The VCR 1307 output can also be routed back into the input Module 1301. in this

configuration the VCR acts as a backup system for the Media Switch 1302. Any

overflow storage or lower priority programming is sent to the VCR 1307 for later
retrieval.

The Input Module 1301 can decode and pass to the remainder of the system

information encoded on the Vertical Blanking Interval (VBI). The Output Module 1303

can encode into the output VBI data provided by the remainder of the system. The
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program logic may arrange to encode identifying information of various kinds into the

output signal, which will be recorded onto tape using the VGFI 1307. Playing this tape

back into the input allows the program logic to read back this identifying information, such

that theTV signal recorded on the tape is properly handled. For example, a particular

program may be recorded to tape along with infomtation about when it was recorded,

the source network, etc. When this program is played back into the Input Module, this

information can be used to control storage of the signal, presentation to the viewer, etc.

One skilled in the art will readily appreciate that such a mechanism may be used to

introduce various data items to the program logic which are not property conceived of as

television signals. For instance, software updates or other data may be passed to the

system. The program logic receiving this data from the television stream may impose

controls on how the data is handled. such as requiring certain authentication sequences

andlor decrypting the embedded infomtation according to some previously acquired

key. Such a method works for normal broadcast signals as well, leading to an efficient

means of providing non-TV control information and data to the program logic.

Additionally, one skilled in the art will readily appreciate that although a VCR is

specifically mentioned above, any multimedia recording device (e.g., a Digital Video

Disk-Ftandom Access Memory (DVD-RAM) recorder) is easily substituted in its place.

Turning now to Figure 14. a schematic block diagram of a top-level view of the invented

system architecture is provided. in general, a system board 1400 embodying the

invention includes an input section 1401 that accepts an input signal from one of a

variety of sources. As described below, the input section 1401 is provided in different

versions, each adapted to accept input from a different source. The output section 1402

inctudes a CPU 1403, which iargely iunctions to initialize and control operation of the

various hardware components of the invention. As mentioned above, the CPU is

decoupled from the high data rates of the video signal, thus reducing processor

requirements. An MPEG-2 transport stream decoderfgraphics subsystem 1404

accepts a transport stream delivered from the input section 1401 over a transport

stream interface 1406. The transport stream decoder/graphics subsystem 1404

communicates with the CPU 1403 by means of a host bus 1408. While the transport

stream deccderfgraphics subsystem serves a variety of functions, described in detail

below, its primary function is decoding of the transport stream received from the input

section, and outputting the decoded stream as a video signal to a television set (not

shown).
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The output section further includes a media manager 1405. While the media manager

provides a number of functions, its major function is that of a bridging element between

system components, due to the number and type of IIO functions it incorporates. For

example, the media manager includes an IR receiver/transmitter interface to couple with

the handheld remote control by which a user operates the invention. Furthermore, the

media manager serves an important media processing function. As previously

indicated. the transport signal is both routed to the MPEG-2 decoder and saved to the

storage device by the media manager. The media manager 1405 communicates with

the MPEG-2 transport stream decoder/graphics subsystem 1404 by means of a

system bus 140?. A preferred embodiment of the invention -uses a PCI bus as the

system bus. Advantageously, the output section is partitioned as three discrete chips:

the CPU, the MPEG-2 decoder/graphics subsystem and the media manager. The

' simplicity of this partitioning arrangement enabtes a substantially reduced per—unit cost

by dramatically reducing the time and budget required for initial design and

development. Additionally. those skilled in the art will appreciate that the output section

may also be provided as a single chip or chipset.

Figure 15 shows the output section 1402 in greater detail. It will be appreciated that the

output section encompasses the core components of the invention, the CPU 1403, the

MPEG-2 decoderfgraphics subsystem 1404, and the media manager 1405. The CPU

1403 functions primarily to run the system software, as well as middleware and

application software. The system software includes the 08 (Operating System) kemel

and the device drivers. The system software operates to initialize and control the

various hardware components of the system. A more detailed description of the

function of the CPU has been provided above. Almost all data movement in the

system is based on DMA transfers or dedicated high—speed transport interfaces that do

not involve the CPU. While a variety of FIISC processors would be suitable for use ‘n

the invention. the current embodiment employs a VR5432 CPU, manufactured by

NEC Corporation of New York NY, that provides a 64-bit MtPS RISC architecture with

a 32K instruction cache and 32K data cache, running at 202 MHz clock frequency. The

CPU is connected with the MPEG-2 decoderlgraphics subsystem 1404 by means of

a system bus 1407.

An MPEG-2 decoderigraphics subsystem 1404, such as, for example, the

BCMTOZD, supplied by Broadcom Corporation of trvine CA can be considered the

central component of the output section 1402. In fact. the MPEG-2 decoderlgraphics

subsystem 1404 incorporates a number of important components, including, but not

limited to:

o a host bridge;
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a memory controller;

an MPEG-2 transport de-multiplexer;

at least one MPEG-2 decoder;

an audio/video decoder;

a PCI bridge;

a bus controller;

a modem interface; and

a SMARTCARD interface.

As described above, the transport stream generated by the input section 1401 is fed

into one of the transport interfaces 1406, whereupon it is demultiplexed into separate

audio and video packet elementary streams (PES). These streams are then stored on

the hard drive 1505 and played back through the outputs 1504. The transport stream

demultiplexer included in the MPEG-2 decoder/graphics subsystem 1404 is

responsible for the demuitiplexing operation. Prior to being played back, the audio and

video packet streams are retrieved from the hard drive and reassembled into a

transport stream. The transport stream is then decoded to a video signal. The MPEG-2

transport stream decoder included in the component 1404 is re_sponsible for decoding

the MPEG-2 transport stream. The component 1404 also includes a graphics engine for

generating high-quality on-screen displays, such as interactive program guides. The

output side of the component 1404 provides several outputs; including S—video, audio,

SPDIFI (Stereo Paired Digital Interface). CVBS (Composite Video Baseband Signal).

Additionally, a SMAFITCARD interface 1503, and a modern port 1506 is provided to

which a modem 1519 is interfaced. The SMAFITCAFID interface supports up to two

SMAFITCARD readers. More will be said about the SMARTCARD functionality

below.

The output section 1402 further includes a memory element 1501, under the oontroi of

the OS kernel- The system software provides a single device driver interface that

enables all other device drivers to allocate contiguous memory buffers typicaliy used for

DMA (Direct Memory Access). The memory element is preferably SDFIAM

{Synchronous Dynamic Random Access Memory), preferably at least 32 MB.

However, other memory configurations are entirely within the spirit and scope of the

invention. Furthermore, as will be described below, the invention may include other

memory elements that are not under the control of the OS kemet.

A flash PROM (Programmable Read-only Memory) 1502 contains the boot code that

initializes the system board state prior to booting the OS kernel, either from a hard drive

or over a TCP/lP network connection. In addition to performing basic system startup
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tasks such as memory test and POST (Power-On Self Test), the PROM 1502 also

serves as a key component in the physical architecture of the system by ensuring that

neither the PROM itself nor the OS kernel it is booting have been tampered with. This

is accomplished by computing digital signatures over the PROM code as well as the

OS kernel image.

As previously indicated, the media manager 1405. connected to the MPEG-2

decoderfgraphics subsystem 1404 by means of the PCI bus 1407, performs a

bridging or mediating function between many of the hardware components of the

system, notably the CPU 1403, the hard disk or storage device 1505. and memory

1501. The media manager 1405 provides this function by virtue of the assortment of

interfaces and IE0 devices integrated within the media manager. In the preferred

embodiment of the invention, the media manager is implemented in an ASIC

(Application Specific Integrated Circuit). However, the media manager could also be

implemented in a programmable logic device, or it could also be composed of discrete

devices. The media manager 1 405 integrates at least the following:

- an IDE host controller, with data encryption;

- a DMA controller;

- IF! reoeiverltransmitter interface;

- multiple UART’s (Universal Asynchronous Fteceiverffransmitter);

multiple [EC (inter-IC) buses;

multiple GPlO‘s (General Purpose l/0's);

a PCI bus arbiter;

an MPEG-2 media stream processor;

a PCM (Pulse Code Modulation) audio mixer;

a high-speed transport output interface;

a fan speed controt; and

front panel keyboard matrix scanner.

As shown in Figure 15. the media manager includes a thermocouple 1507 for

monitoring system temperature. The thermocouple is interfaced with the media manager

through one of the PC buses 1508. In turn, fan speed is controlled by the system

software. based on input from the thermocouple, through the fan control 1510 controlling

the fan 1509, to maintain the system at an optimal operating temperature.

As previously described, the media manager also mediates the transfer of media

streams between the CPU 1403, memory 1501, and the hard drive 1505. This is

accompiished through the action of the media stream processor and the high—speed

transport output interface mentioned above.
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A secure micro controller, such as, for example, an AT90S3232C supplied by ATM EL

Corporation of San Jose CA, 1511 is interfaced with the media manager ASIC 1405

through one of the UAFi‘l"s 1512. Preferably, the micro controller 1511 is one

specifically designed for cryptographic applications such as encryption and

authentication. In addition to providing a master key for disk encryption as described

below, the micro controller also contains a private key unique to each unit that is created

randomly during manufacturing. Once written into the component, the key cannot be

read out and can only be used to respond to authentication challenges.

As shown. up to two hard drives 1505 are provided for storage of recorded video

programming. As described above, the IDE host controller is integrated on the media

manager ASIC 1405 and provides a disk encryption feature that can be applied to

either disk drive on a per-transfer basis. The micro controller, as described above,

generates, encrypts and decrypts a master key for disk encryption purposes.

An RS232 port 1514 interfaces with another of the UART's 1513. A front panel

navigation cluster 1516 is interfaced with the media manager ASIC through one of the

GP|O's 1515. An IR receiver and transmitter 1518 are interfaced with the media

manager ASIC through an IF! receiverftransmitter interface 151?. The IR receiver

assembly is mounted in the front panel navigation cluster, described in greater detail

below, behind a transparent window. It receives a modulated signal from a handheld

remote control and outputs the signal as is to the media manager ASIC, which either

dispatches it to the CPU for further processing or provides a pass-through path to the
IR transmitter 1518.

A real-time clock (not shown) is interfaced with the media manager through one of the

PC ports. Because the invention is intended for use as a personal video recorder, it

which the user is able to program the system in advance to record selections at

specified times. a real-time clock is a fundamental requirement.

As previously described, the-input signal is accepted by an input section 1401 passed

to the output section 1402 as an MPEG-2 transport stream. The input section is

provided in one of several configurations, according to the type of source originating the

signal. By providing an input section 1401 individualized to source type, while keeping

the output section the same across all versions, it is possible to produce units in various

configurations with only minor modifications to the system board- in this way, the scale of

the manufacturing challenge posed by producing units to serve different markets is

considerably reduced. Fieferring now to I-Trgure 16, an input section 14013 adapted to

-22-
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accept analog signals is shown. in the preferred embodiment. the analog input section

accepts analog signals in a variety of formats: composite video. NTSC, PAL, 8 ECAM

or S-video.

In the case of NTSC signals, a tuner/RF demodulator 1601, such as the TMDH-2

supplied by ALPS Electric, of San Jose CA, sets the signal to the desired channel.

Preferably, the tuner assembly incorporates the tuner, an RF demodulator and an RF

bypass into the same component. The tuner assembly is ccntrolied over the lac bus

port exposed by the media manager ASIC 1405.

A rnulti-standard sound processor 1603, such as a MSP444-8G, supplied by Micronas

Semiconductor of Freiburg, Germany accepts analog audio input from the composite

audio connectors or the tuneri'RF demodulator 1601. Additionally, it accepts digital audio

input over an I98 bus trom the media manager ASIC 1405.. The resulting audio signal

is output to an MPEG encoder 1604 over the I23 bus.

The decoder 1602, an NTSCIPAL/SECAM video decoder, such as, for example a

SAA711-4H video decoder, supplied by Philips Semiconductor, of Eindhoven, the

Netherlands, accepts input from either the tunerlFtF demodulator 1801, the composite

video inputs or the S-video input and converts it into the CClFt 656 (Comité Consultatit

International des Fiadiocommunications, recommendation 656) digital format for input to

an MPEG-2 encoder 1604, such as, for example a BCM7040. supplied by

BFIOADCONL

The MPEG-2 encoder 1604 accepts input from the NTSC/PAL/SECAM video

decoder 1602 and the audio input previously mentioned and produces an MPEG-2

transport stream as the output. in the preferred embodiment of the invention, the

encoder 1604 is programmed to multiplex the audio and video inputs into a constant

bitrate (CBPl} MPEG-2 transport stream. However, in order to conserve disk space, it

is also possible to program the encoder 1604 to produce a variable bit rate (VBR)

stream. Subsequently, the transport stream is delivered to the decoder 1404 over the

transport interface 1406 for demultiplexing and further processing. The input section

1401a further includes a memory element 1605 that is not under the control of the OS

kemel. Figure 19 provides a block schematic diagram of a system board 1900

incorporating the input section 1401a and the output section 1402. As shown, the

MPEG-2 encoder is connected to the MPEG-2 decoderlgraphics subassembly 1404

as a client on the PCI bus 140?.
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A variation (not shown) of the analog front end includes a secondary input via an

additional set of composite audio/video and/or S-video connectors for content

originating from camcorders or VCFl's. Additional hardware and software support is

necessary in order for the variation to be fully enabled.

Turning now to Figure 17. an input section 1401 b is shown adapted to accept a digital

satellite signal. The digital satellite input section 1401b accepts input from dual satellite

receivers 1701. Demodulators 1702 demodulate the incoming QPSK (quadrature

phase shift keying) to yield a transport stream. Because the satellite transport stream is

not fully MPEG-2 compliant, the MPEG-2 decoder/graphics subassembly 1404 must

have the capability of decoding either type of stream. Thus, the transport stream is

passed to the output section 1402 via the transport interface 1406 without any further

modification or processing. Figure 20 provides a block diagram of a system board

2000 incorporating the input section 1401 b.

Fleferring to Figure 18. an input section 1401c designed to accept either digital or analog

cable input is shown. The input section accepts input from one or more RF coaxial

connectors 1801. 1802 in both digital and analog format. The analog portion functions

similarly to that of the analog input section 1401a. The video signal is decoded by dual

NTSC decoders 1602. The audio is processed by dual muIti—standard sound

processors 1603 and the resulting output is fed to dual MPEG-2 encoders. It should be

noted that, in the current version of the input section, each component is provided ‘rt

duplicate. The digital cable signal is routed to dual demoduiators 1303. Depending on

the cable signal modulation, the dernodulators may be either or both of QA M

(quadrature amplitude modulation] and QPSK, either with or without DOCSIS (Data

Over Cable Service interface Specification) andlor DAVIC (Digital Audio Visual

Council) support. As shown. the digital signal demodulators have associated with them

a memory element 1804 that is controlled independently of the OS kernel. Figure 21

provides a block diagram of a system board 2100 incorporating the digital cable input

section 1401c. As in the previous versions, transport streams are passed to the output

section 1402 via the transport interface 1406. The digital cable input section 1401c is

connected to the MPEG-2 decoder/graphics subsection 1404 as a client on the PCI
bus.

As previously described, the invention is intended to be used as a PVR (Personal

Video Recorder). in which a user may view a selected video stream in real-time, or they

may view a recorded video stream, examining the video stream by taking advantage

of such features as rewind, pause, play, stop, slow play, fast fonrvard, and the like.

Furthermore, controls are provided for selecting programming to be recorded and for
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specifying additional recording parameters. To that end, the invention includes user

control intertaces. Primarily, user interaction with the invention is by way of a battery-

powered, handhetd IR remote control. Activating the various controls by the user

causes a modulated IR beam to be emitted and received by the PVFL The IR

receiverltransmitter system and interface have been previously described in detail.

However, an aitemate embodiment of the invention provides an RF-enabled remote

control. receiver/transmitter and interface. either instead of or in addition to the IF! driven

remote control.

In addition to the remote control, the user may interact with the invention by means of a

navigation cluster, comprising buttons or keys, on a front pane! of the unit

Advantageously, the navigation cluster substantially duplicates the functions of the

remote control. Thus. the navigation cluster permits control of the invention, even if the

remote control is lost, or stolen, or needs the batteries replaced- As described above,

an interface for the navigation cluster is provided on the media manager ASIC.

As previously indicated, the system board supports SMARTCARD functionality. A

SMAFtTCAFtD reader is accessible through a slot provided on the front panel of the

invention. The SMAFITCARD slot is intended for use in commerce applications where

user authentication is required for billing purposes, such as pay-per-view programming,

music sales, merchandise sates and the like.

The invention is produced using conventional manufacturing techniques well known to

those skilled in the art of microelectronics design and manufacturing.

As described above, the media manager ASIC includes a media stream processor.

Conventionally, media stream processors have been only able to process a single

channel, providing a serious bottleneck to the systerrfs throughput. Related, commonly

owned apptications hav described mulii-channel media processors that eliminate this

bottleneck. Additionally, conventional media stream processors have had to be in the

data path of the stream they are processing. Such a requirement necessitates that the

processor be integrated on the system board in a manner that would make it very

difficult to upgrade the media stream processor without replacing the system board. it

would be a great advantage to provide a system independent device to upgrade a

PVFt's media stream processor capability from single-channel to mutti-channel. which

could be flexibly incorporated with existing hardware. To that end; the invention

provides a system-independent, mutlichannel media stream processor 1000. As

Figure 22 shows, the multi-channel media stream processor includes:

- a system interface 2201;



694

WO 11301993 2 PCT/US02/2-"1978

a media stream identifier 2202;

a media stream processor core 2203:

a multi-channel state engine 2204; and

a media stream identification generator 205.

The system interface 2201 serves as a completely passive, slave client on the system

bus, not interfering in any way with data transfer. merety observing or “sniffing” the bus.

While the remaining components of the invented media stream processor are system-

independent, the system interface 2201 may be tailored to a specific system, or it may

be adapted to connect to several different systems, either by means of hardwired

elements, or through the use of programming switches. In the case of a unique or

proprietary system, the system interface can be placed to observe on the memory

bus instead, owing to the fact that hardware and protocols on memory buses are nearly

universally uniform. The system interface provides a connection by which the media

processor may observe the system bus.

System data is sent to the media stream identifier 2202, which distinguishes media

streams from other data, in order to identify data that needs to be processed. The

media stream identifier uses infomtation such as source and destination addresses,

which in most systems are hardwired signals, to identity media streams.

As media streams are identified, the media stream identification generator 2205 tags

media stream data objects so that they may be associated with their respective media

streams. Following tagging. the media stream data is routed to the media stream

processor core 203. where it is processed in parallel, rather than in a single channel. B y

processing the media streams in this manner, it is possible to achieve a four to eightfold

increase in throughput.

In the case of multiple media streams, the multi-channel state engine 2204 saves the

state of the media processor when a different media stream identification is presented,

indicating that the media stream has switched. when the original media stream is again

presented, the state is reloaded and processing of the original stream is resumed.

The resutting process is saved to a media data structure. Such data structures are

commonly known. As each stream is processed, it is sent to system memory as

needed.

While the multi-channel media stream processor has been described herein as an

upgrade device, it also could be incorporated into a new system as the media

-25.
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processor. It provides the advantage of being easily incorporated into a system

architecture without requiring major retooling of the system board.

The multi-channel media stream processor may be implemented using discrete

components or in a programmable logic device, using known methods of programming

such devices.

-Although the invention has been described herein with reference to certain preferred

embodiments, one skilied in the art will readily appreciate that other applications may be

substituted for those set forth herein without departing from the spirit and scope of the

present invention. Accordingly, the invention should only be limited by the Claims

included below.
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CLAIMS

1. A system for the simultaneous storage and playback of multimedia data,

comprising:

an input section for acquiring and tuning an input signal;

an output section, wherein said input signal is passed to said output section

as a transport stream: said output section including:

a processor;

means for decoding said transport stream, said means for decoding

said transport stream connected to said processor by means of a lirst data

transfer element; and

a bridging element connected to said decoder/host controller in y

means ot a second data transfer element, said bridging element operative to

interface a plurality of system components;

wherein said input section is individualized according to source type.

2. The system of Claim 1, wherein said input section is adapted to accept an

analog input signal.

3. The system of Claim 2, wherein said input section accepts said analog input

signal from any of RF coaxial, composite audio/video and S-video connectors.

4. The system of Claim 2. said input section comprising;

a tuner for tuning to a desired channel;

a decoder for digitizing a video component of said signal;

a multi~standard sound processor for processing an audio component of said

signal;

an MPEG-2 encoder, wherein said MPEG-2 encoder receives said digitized

video and audio components, whereupon said signals are encoded and

multiplexed into an MPEG-2 transport stream.

5. The system of Claim 4, further comprising a memory element.

6. The system of Claim 3, further comprising a secondary input, said secondary

input comprising a second set of FIF coaxial, composite audio/video or S—video
connectors. '

7. The system of Claim 1', wherein said input section is adapted to accept a
digital satellite input signal.
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The system of Claim 7, wherein said input section comprises:

at least one satellite tuner; and

at least one demodulating element to demodulate the digital satellite signal to

an MPEG-2 transport stream.

9. The system of Claim 1, wherein said input section is adapted to accept an

input signal in both analog and digital formats from at least one RF coaxial connector.

10. The system of Claim 9. wherein said input section comprises:

at least one tuner for tuning to a desired channel;

at least one decoder for digitizing a video component of said signal;

at least one multi-standard sound processor for processing an audio

component of said signal;

an MPEG-2 encoder having multi-stream encode capability, wherein said

MPEG-2 encoder receives said digitized video and audio components, whereupon

said signals are encoded and multiplexed into an MPEG-2 transport stream.

1 1. The system of Claim 10. further comprising at least one memory element.

12. The system of Claim 1, said output section further comprising a transport

interface, wherein said transport interface receives said transport stream from said

input section.

13. The system of Claim 12, said means for decoding a transport stream

comprising an MPEG transport stream decoderlgraphics subsystem, wherein said

first data transfer element comprises a host bus.

14. The system of Claim 13, wherein said transport stream decoder/graphics

subsystem includes:

a host bridge;

a memory controller;

an MPEG-2 transport demultiplexer;

an MPEG-2 decoder;

an audiolvideo decoder;

a graphics processor;

a PCI bridge;

a bus controller;

a SMAFITCARD interface; and.
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a modem interface.

. 15. The system of Claim 14, said transport stream decoder/graphics subsystem

further comprising at least one transport stream interface, wherein said transport

stream interface receives said transport stream from said input section.

16. The system of Claim 14, wherein said transport stream is dernultiplexed into

audio and video packet streams, wherein said packet streams are stored and played

back through an output side of said transport stream decoder/graphics subsystem.

17. The system of Claim 14, wherein said transport stream decoder/graphics

subsystem further comprises a plurality of outputs, wherein said decoded signal is

output to a television, said outputs including any of:

S-video;

audio;

SPDIR (Stereo Paired Digital Interface): and

CVBS (Composite Video Baseband Signal).

18. The system of Claim 14, further comprising at least one SMARTCARD

reader interfaced to said transport stream deccderlgraphics subsystem.

19. The system of Claim 14. further comprising a flash PROM connected to said

transport stream decoderfgraphics subsystem, said PROM containing boot code

that initializes said system prior to loading of operating system kernel. ‘

20. The system of Claim 14. further comprising a SDRAM connected to said

transport stream decoderlgraphics subsystem.

21. The system of Claim _14, further comprising a modem connected to said modern
interlaoe.

22. The system of Claim 1, wherein said processor comprises a MIPS processor

and wherein said first data transfer element comprises a host bus.

23- The system of Claim 1, wherein said processor is operative to run system

software, middleware, and application software.
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24. The system of Claim 23, wherein said system software includes at least: at

operating system kernel and device drivers, said system software operative to initialize

and control hardware components.

25. The system of Claim 1, wherein said bridging element comprises a media

manager, said media manager including:

an IDE host controller with data encryption;

a DMA controller;

an IR receiver/transmitter interface;

at least one UAFIT (Universal Asynchronous Receiver/'l'ransmitter);

at least one F8 bus;

at least one GPIO {General Purpose Input/Output);

a PCI bus arbiter;

an MPEG media stream processor;

a PCM audio mixer (Pulse Code Modulation);

a high speed transport output interface;

a fan control; and

a scanning interface for a front panel navigation keypad cluster.

26. The system of Claim 25, wherein said media manager is implemented in at

ASIC (Application Specific Integrated Circuit) or a programmable logic device.

27. The system of Claim 25, further comprising a temperature sensor coupled to

said fan control

28. The system of Claim 25, further comprising a fan connected to said fan control.

29. The system of Claim 25, further comprising a real-time clock connected to said

I28 bus.

30. The system of Claim 25, further comprising a secure micro controller connected to

said UAFIT, said micro controller operative in cryptographic applications, including

authentication and encryptionfdecryption.

31. The system of Claim 25, further comprising a RS232 port coupled to said

UAFIT.

32. The system of Claim 25. further comprising a IEEE1394 interface integrated on

said media manager.
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33. The system at Claim 25, further comprising a front panel LED array coupled to
said GPIO.

34. The system of Claim 25. further comprising a front panel navigation cluster

coupled to said GPIO.

35. The system of Claim 25. lurlher comprising a remote control coupled to said IR
receiverftransmitter.

36. The system of Claim 1. wherein said second data transfer element comprises a

system bus.

37. The system of Claim 36, wherein said system bus comprises a PCI bus.

38. The system of Claim 37, further comprising a USB {Universal Serial Bus)

controller coupled to said PCI bus.

39. The system of Claim 1. wherein said system is implemented as a system
board.

40. The system of Claim 1. wherein said output section is implemented as a plurality

of microchips, the chips connected to each other by means of said data transfer

elements.

41. The system of Claim 1, wherein said output section is implemented as either a

single microchip or a chipset.

42. A system for processing a media stream across several channels

simultaneously, comprising:

means for observing a data streamlon a data bus;
means for identifying media streams within said data stream;

means for associating media stream data objects with their respective media

streams;

a multi channel media stream processor, wherein said media processor

processes media stream data across a plurality ct channels, in parallel; and

means for monitoring and saving state of said processor as said processor

switches from an original media stream to a next media stream, wherein, if said
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processor switches back to said original stream, a state associated with said original
stream is reloaded.

43. The system of Claim 41, wherein said means for observing said data stream

comprises a system interface, said system interface comprising a passive, slave client

on said bus, wherein said system interface observes said data stream without interfering
with data flow.

44. The system of Claim 43, wherein said system interface is individualized to a

particular system type, said ind_ividuaIization being accomplished by one of:

programmable switches and hardwiring.

45. The system of Claim 43, wherein said data bus is one of: a system bus and a

memory bus-

45. The system of Claim 42, wherein said means for identifying a media stream

comprises a media stream identifier, wherein said media stream distinguishes media

streams trom the remainder of said data stream according to source and destination

addresses.

4?. The system of Claim 42, wherein said means for associating media data objects

with their respective media streams comprises a media identification generator, said

media identification generator assigning tags to media stream data objects, so that any

data object is associated with its stream of origin.

48. The system of Claim 42, wherein said means for monitoring and saving state of

said processor comprises a mutti-channei state engine, said state engine monitoring

media stream identifiers, and saving said processor state, said saved state comprising a

iirst state, when a media stream identifier associated with said next media stream is

associated.

49. The system of Claim 48. wherein said state engine reloads the first state if a

media stream identifier associated with said first state is presented.

50. The system of Claim 42. further comprising a media stream data structure, said

processed media stream being saved to said data stmcture and routed to system

memory as needed.
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51. The system of Claim 42, wherein said system is impternented in a

programmable logic device.

52. A method of processing a media stream across several channels simultaneousty,

comprising the steps of:

observing a data stream on a data bus;

identifying media streams within said data stream;

associating media stream data objects with their respective media streams;

processing media stream data across a plurality of channels, in parallel; and

monitoring and saving a media processor state as said processor switches from

an original media stream to a next media stream; and

reloading state associated with said original stream it said processor switches

back to said original stream.

53. The system of Claim 52, wherein said step of observing said data stream

comprises the steps of:

providing a system interface. said system interface comprising a passive, slave

client on said bus; and

said system interface observing said data stream without interfering with data

flow.

54. The system of Claim 53, wherein said system interface is individualized to a

particular system type, said individualization being accomplished by one of:

programmable switches and hardwiring.

55. The system of Claim 53, wherein said data bus is one of: a system bus and a

memory bus.

56. The system of Claim 52, wherein said step of identifying a media stream

comprises the steps of:

distinguishing media streams from the remainder of said data stream according to

source and destination addresses.

57. The method of Claim 52, wherein said step of:

associating media data objects with their respective media streams comprises:

assigning tags to media stream data objects, so that any data object is

associated with its stream of origin.
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58. The method of Claim 52, wherein said step of monitoring and saving said

processor state comprises the steps of:

monitoring media stream identifiers; and

saving said processor state, said saved state comprising a first state, when a

media stream identifier associated with said next media stream is associated.

59. The method of Claim 58, wherein said step of monitoring and saving said

processor state further comprises:

reloading the first state if a media stream identifier associated with said first state is

presented.

60. The method of Claim 52, further comprising the steps oi:

saving said processed media stream to a media data structure; and

routing to system memory as needed.

61. The method of Claim 52, said method implemented by means of a

programmable logic device.
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SYSTEM FOR RECORDING/REPRODUCING MPEG-2 BROADCASTING

PROGRAMS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an apparatus for reproducing and

recording programs encoded according to MPEG-2 system standard

into and from a recording media and a method thereof.

2 . Prior Art

The MPEG-2 system standard, ISO/IEC 13818-1, which is

hereby incorporated by reference for its teachings on MPEG-2

encoding, defines a method of formatting and transmitting

multiple digitally encoded programs, each including a video

portion, an audio portion and a data portion. According to this

standard, data representing multiple programs may be

transmitted as a single time-division multiplexed transport

stream.

The basic unit of the transport stream is a transport packet.

Each transport packet has a fixed 1ength(i.e., 188 bytes) and

includes a header portion and a data portion. when the data

portions of several transport packets are combined, a

packetized elementary stream(PES) packet is formed. Each PES

packet may represent part of the video information. the audio
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information. or the data which together constitute the program.

The transport packets representing PBS packets for different

programs may be interleaved. Thus, the multiple programs may be

sent in a time—division multiplexed format. In addition, the

transport stream includes some system packets which do not

belong to any program but which are used to associate the

transport packets with their respective programs.

Transport streams containing multiple programs are already in

use, for example, by the direct broadcast satellite(DBS)

system. In this system. several programs, each representing,

for example, programming the" would be sent on a conventional

terrestrial broadcast channel, are combined in a single

transport stream and ‘ ansmitted over a transponder channel.

The satellite service consists of several transponder channels.

15 And, at the DB5 receiver which is called a Set Top Box, a

particular transport stremu is selected and the transport

packets corresponding to a particular program are

demultiplexed. These packets are then provided to a decoder to

reproduce the program or are decoded to recover an analog Video

signal or an analog audio signal which can be outputted on the

conventional display such as a television receiver or the like.

For recording the transport packets of a particular program

that are selected from a transport stream on a storage medium
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such as a hard disk, a magnetic tape of a digital VCR or VHS or

the like and reproducing the program from the storage medium,

PIDs of the transport packets must be provided to a reproducing

apparatus. However, the reproducing apparatus cannot reproduce

the particular program since the reproducing apparatus has no

RAT and PMT data concerned with the program.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an

apparatus for recording and reproducing an MPEG-2 broadcasting

program which can reproduce an MPEG-2 broadcasting program

without any information of PAT and PMT and a method thereof.

In order to achieve the above objects. an apparatus

according to one aspect of the present invention includes means

for recording a transport stream of the same MPEG-2

broadcasting program; means for demultiplexing a transport

stream according to a video PID and an audio PID; means for

decoding a video bitstream and an audio bitstream according to

a sequence header, the sequence header being detected from the

video bitstream or the audio bitstream, each of which is

generated from the demultiplexing means; and means for

detecting PIDS from the transport stream read out from the

recording means providing PIDS and providing the detected PIDs



762

4

as the video PID or the audio PID to the demultiplexing means

in response to whether the decoding means detects the sequence

header.

A. method according to another aspect of the present

invention includes the steps of a) reading" out transport

packets of a MPEG-2 broadcasting program from a storage medium

in which the MPEG-2 broadcasting program is recorded, wherein

transport packets are multiplexed by video transport packets

and audio transport packets: bi demultiplexing the transport

packets according to a video PID and an audio PID, thereby

generating a video bitstream and an audio bitstream; c}

decoding the video bitstream and the audio bitstream according

to a sequence header, the sequence header which is included in

the video bitstream or the audio bitstream; d) detecting one

PID or more from the transport packets; and e} selecting the

video PID and the audio PID from the one PID or more detected

by step d} based on whether the sequence header is detected by

step C).

According to the present invention, there are provided an

apparatus and a method for recording and reproducing an MPEG-2

broadcasting program which can reproduce an MPEG-2 broadcasting

program without any information of PAT and PMT.
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BRIEF DESCRIPTION OF THE DRAWINGS

Examples of embodiments of the present invention will now

be described with reference to the accompanying drawings. in

which:

FIG. 1 is a block diagram for showing an apparatus for

reproducing and recording MPEG-2 video/audio data according to

one embodiment of the present invention:

FIGS. 2 and 3 are flow charts for illustrating an operation

of the microcomputer depicted in FIG. 1:

FIG. 4 is a block diagram for showing an MPEG-2 video/audio

recording and reproducing apparatus according to another

embodiment of the present invention which is connected with a

set top box;

FIG. 5 is a flow chart for illustrating an operation of the

second microcomputer depicted in FIG. 4;

FIG. 6 is a flow chart for illustrating an operation of the

first microcomputer depicted in FIG. 4; and

FIG. 7 is a block diagram for showing an apparatus for

reproducing and recording MPEG-2 video/audio data according to

another embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Preferred embodiments of the present invention will be
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illustrated below with reference to the accompanying drawings.

FIG. 1 is a block diagram for showing an apparatus for

reproducing and recording MPEG-2 video/audio data according to

one embodiment of the present invention.

Referring to FIG. 1, the apparatus includes a link part

110, a multiplexer 120, a buffer 130, a demultiplexer 140, an

MPEG decorder 150, a microcomputer 170, and a keyboard 160.

The link part 110 selects a receiving channel according to a

tuning control signal generated from the microcomputer 170. The

link part 110 decodes a broadcasting signal received through

the receiving channel to thereby develop a transport stream

which consists of one or more programs multiplexed into a type

of a single bitstream, and provides the transport stream to the

multiplexer 120.

The multiplexer 120 outputs either the transport stream

from the link part 110 or a transport stream from a digital

recorder 180 which is illustrated below in detail.

The buffer 130 temporarily stores a transport stream being

outputted from the multiplexer 120 and outputs the transport

stream to the demultiplexer 140 in response to a control signal

from the microcomputer 170.

The demultiplexer 140 demultiplexes the transport stream

inputted from the buffer 130 under a control of the
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microcomputer 170. The demultiplexer 140 accesses packets

relating to a program specific informationthereinafter,

referred to as PSI), such as a program association table, a

progranl map table, network information, and a conditional

access table, from transport packets of the transport stream.

And, the demultiplexer 140 provides the PSI packets to the

microcomputer 170. Further, the demultiplexer 140 demultiplexs

the transport stream according to PIDs provided from the

microcomputer 170, such that each bitstream associated with the

PIDs is outputted to the HPEG decoder l50. For example. when a

video PID and an audio PID, each of which is associated with a

broadcasting program is Pkovided to the demultiplexer 140, the

demultiplexer 140 outputs a video transport packet bitstream

and an audio transport packet bitstream associated with the

video and audio PIDs by demultiplexing the transport stream

according to the video and audio P135.

The MPEG decoder 150 decodes the single video transport

stream and the single audio transport stream from the

demultiplexer 140, and generates a video signal and an audio

signal. The video and audio signals are outputted to a display

apparatustnot shown). According to the present invention, the

MPEG- decoder 150 detects a sequence header from the video

transport stream in decoding the video transport stream, and
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outputs the result of whether the sequence header is detected

or not to the microcomputer 170.

The keyboard 160 is provided for selecting a broadcasting

program or a recording or playback mode. When a broadcasting

program or a mode is selected by operating the keyboard 160,

the microcomputer 170 is operated. in response to signals

generated from the keyboard 160.

The microcomputer 170 controls the overall functions of the

apparatus int response to the signals generated from the

keyboard 160. When a user selects a broadcasting program with

the keyboard 160, the microcomputer 170 controls the link part

110 to select a broadcasting channel through which a transport

stream including the selected broadcasting program is

transmitted based on the program association tab1e(hereinafter,

referred to as PAIJ. And, the microcomputer 170 detects the

transport packet PIDs of the selected broadcasting program,

that is, a video PID and an audio PID of the selected

broadcasting program from the program map tablethereinafter,

referred to as PAT}, and provides the video PID and the audio

PID to the demultiplexer 140.

In the recording mode, the microcomputer 170 encodes video

transport packets and audio transport packets to allow the

recording apparatus 180 to record the encoded video and audio
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transport packets into the storage medium 183 such as a

magnetic tape or a hard disk.

In the playback mode, the microcomputer 170 controls the

recording apparatus 180 to read out data from the storage

medium 183, and controls the multiplexer 120 to output the

transport stream inputted from the recording apparatus 180 to

the buffer 130. Further, the microcomputer 170 detects PIDs

from the transport packets stored in the buffer 130, and

provides each of the detected PIDs as a video PID and an audio

PID to the demultiplexer 140. The microcomputer 170 determines

whether the video PID and the audio PID is correctly set at the

demultiplexer 140 according to whether the MPEG decoder 150

detects the sequence header or not. when the MPEG decoder 150

does not detect the sequence header. the microcomputer 170

changes the video PID and the audio PID with each other.

Hereinafter, the operation of the above apparatus will be

described with reference to FIGS 2 and 3.

FIG. 2 is a flow chart for showing an operation of the

microcomputer 170 depicted in FIG. 1 in a playback mode.

Referring to FIG. 2, when the playback mode is selected,

the microcomputer 170 controls the recording apparatus 180 to

read out data from the storage medium 183. The data reproduced

from a read/writer 181 of the recording apparatus 180 is
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outputted to the multiplexer 120. At the same time,

microcomputer 170 controls the multiplexer 120 to output

reproduced data which is of a transport stream form to

buffer 13U{ST1).

In step 2, the microcomputer 170 in turn reads

transport Packets from the buffer l30(ST2).

In step 3, the microcomputer 170 detects PIDs from

transport packetslST3}.

And, in step 4, the microcomputer 170 determines whether

the number of the detected PIDS is equal to a predetermined

reference number N or moretST4).

when the number of the detected PIDs reaches the

predetermined reference number N or over, the microcomputer 170

provides the detected PIDS to the demultiplexer 140 as the

video and audio PIDs of the transport packets. To the contrary,

when the number of the detected PIDs is less than the

predetermined reference number N, the microcomputer 170 repeats

the operation of steps 2 through 4{ST5).

Hereinafter, the demultiplexing operation of the apparatus

depicted in FIG. 1 is illustrated with reference to FIG. 3.

FIG. 3 is a flow chart for illustrating the demultiplexing

operation of the microcomputer 170.

Referring to FIG. 3, the microcomputer 170 selects two of
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the detected. PIDs according to those detected times, and

provides the two selected PIDs to the demultiplexer 140 as the

video and audio PIDS of the transport packets(ST3l}.

And, the microcomputer 170 determines whether the MPEG

decoder 150 detects a sequence header for a sequence period of

the sequence header(ST32, ST33, ST34, ST35}.

When the sequence header is detected by the MPEG decoder

150, the microcomputer 170 determines that the two PIDs are

correctly set on the demultiplexer 140. To the contrary, when

the MPEG decoder 150 does not detect the sequence header for

the time-out period T, the microcomputer 170 determines that

the setting of the two selected PIDs as the video and audio

PIDs on the demuliplexer 140 is incorrectly performed. And, the

microcomputer 170 again selects two of the detected PIDs except

for the previously selected PIDs. and provides the two again

selected PIDs to the demultiplexer 340 as the video and audio

PIDSSTBE) .

According to the present embodiment, the apparatus decodes

the transport stream read. out from a recording apparatus

without the information of video and audio PIDS.

FIG. 4 is a block diagram.for showing an MPEG-2 video/audio

recording apparatus according to another embodiment of the

present invention which is connected with a set top box.
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As shown in FIG. 4, the MPEG-2 videofaudio recording

apparatus 400 is connected with the set top box 300 by an

interface apparatus 390.

The set top box 330 receives a transport stream consisting

of one broadcasting program or more- The set top box 300

outputs video and audio signals of a broadcasting program

selected by a user by processing an MPEG-2 broadcasting signal

received through an antenna{not shown) or a transport stream

reproduced from a recording apparatus such as a DVHS, a DVCR,

or HDD.

Conventionally, the set top box 300 includes a link part

410, a multiplexer 320, a demultiplexer 340, an MPEG decoder

350, a first microcomputer 370 and a keyboard 360.

The link part 310 selects a receiving channel according to

a tuning control signal generated from the first microcomputer

370. The link part 110 decodes a broadcasting signal received

through the receiving channel to thereby develop a transport

stream which consists of one or more programs, and provides the

transport stream to the multiplexer 320.

The multiplexer 320 outputs either the transport stream

from the link part 310 or a transport stream from a digital

recorder 400 which is illustrated below in detail.

The demultiplexer 340 demultiplexes the transport stream



771

13

inputted from a first buffer 330 of the digital recorder 400

under a control of the first microcomputer 370. The

demultiplexer 340 accesses packets relating’ to a program

specific informationfhereinafter. referred to as PSI). such as

a program association table, a program map table, a network

information, and a conditional access table, from transport

packets of the transport stream. And, the demultiplexer 340

provides the PSI packets to the first microcomputer 370.

Further, the demultiplexer 340 demultiplexes the transport

stream according to PIDs provided from the first microcomputer

370, such that each bitstream associated with the PIDs is

outputted to the MPEG decoder 350. For example, when a video

PID and an audio PID, each of which is associated with a

broadcasting program is provided to the demultiplexer 340, the

demultiplexer 340 outputs a video transport packet bitstream

and an audio transport packet bitstream associated with the

video and audio PIDS by demultiplexing the transport stream

according to the video and audio PIDs.

The MPEG decoder 350 decodes the single video transport

stream and the single audio transport stream from the

demultiplexer 340, and generates a video signal and an audio

signal. The video and audio signals are outputted to a display

apparatus(not shown).
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According to the present embodiment, the MPEG decoder 350

detects a sequence header from the video transport stream in

decoding the video transport stream, and outputs the result of

whether the sequence header is detected or not to the first

microcomputer 370.

The keyboard 350 is provided for selecting a broadcasting

program or a recording or playback mode. When a broadcasting

program or a mode is selected by operating the keyboard 360,

the first microcomputer 370 is operated in response to signals

generated from the keyboard 360.

The first microcomputer 370 controls the overall functions

of the set top box 300 in response to key signals generated

from the keyboard 360. When a user selects a broadcasting

program with the keyboard 360, the first microcomputer 370

controls the link part 310 to select a broadcasting channel

through which a transport stream including the selected

broadcasting program is transmitted based on PAT. And, the

first microcomputer 370 detects the transport packet PIDs of

the selected broadcasting program, that is, a video PID and an

audio PID of the selected broadcasting program from PAT, and

provides the video PID and the audio PID to the demultiplexer

340.

In a recording mode, the first microcomputer 370 outputs
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video and audio transport packets from the demultiplexer 340 to

the interface apparatus 390.

In a playback mode, the first microcomputer 370 controls

the multiplexer 320 to cause a transport stream inputted

through the interface apparatus 390 and generated from the

recording appratus 400 to be outputted to the demultiplexer

340. Further, the first microcomputer 380 provides a video PID

and. an audio PID to the demultiplexer 340, such that the

demultiplexer 340 demultiplexes the transport streams And, the

video PID and the audio PID is previously memorized in a

memory(not shown} or directly inputted by the keyboard 360.

The interface apparatus 390 provides data from the

demultiplexer 340 and the first microcomputer 370 of the set

top box 300 to the recording apparatus 400 or data from the

recording apparatus 400 to the multiplexer 320 and the first

microcomputer 370.

According to the present embodiment, the recording

apparatus 400 responds to a mode selection signal generated

from the keyboard 390. When the recording mode is selected, the

recording apparatus 400 records video and audio transport

packets inputted through the interface apparatus 390 on the

storage medium thereof. When the playback mode is selected. the

recording apparatus 400 reads out data from the storage medium
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and outputs the data in a type of transport stream to the

interface apparatus 390.

As shown in FIG. 4, the recording apparatus 400 includes a

second microcomputer 410, a PID changer 420, a second buffer

430, an encoder 440, a read/writer 450, a decoder 460, and a

third buffer 470.

The second microcomputer 410 controls the PID changer 420

and the read/writer 450 in response to the mode selection

signal. In the recording mode, the second microcomputer 410

provides the transport stream of the video and audio transport

packets which is inputted from the set top box 300 through the

interface apparatus 390 to the PID changer 420. At the same

time, the second microcomputer 410 outputs a recording

instruction signal to the read/writer 450. To the contrary, in

the playback mode, the second microcomputer 410 generates a

playback instruction signal and provides the playback

instruction signal to the read/writer 450.

The PID changer 420 changes PIDs of the video and audio

transport packets into predetermined video and audio PIDs,

respectively, and outputs the video and audio transport packets

of which each of the PID5 is changed to the second buffer 430.

The second buffer 430 buffers the transport packets

inputted from the PID changer 420.
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The encoder 440 codes a bitstream of the transport packets

from the second buffer 430 and outputs an encoded bitstream to

the read/writer 450.

The read/writer 450 records the encoded bitstream on the

storage medium in response to the recording instruction signal

generated from the second microcomputer 410. Further, when the

playback instruction signal is inputted to the read/writer 450.

the read/writer 450 reads out data from the storage medium and

outputs the read data to the decoder 460.

The decoder 460 decades a bitstream read out by the

read/writer 450 to thereby generate the bitstream of the

original transport packets and provides the bitstream to the

third buffer 470.

The third buffer 470 buffers the bitstream being inputted

from the decoder 460 to output the bitstream in the type of

transport stream to the interface apparatus 390.

Operations of the receiving apparatus 200 depicted in FIG.

4 will be described below with reference to the flow charts

depicted in FIGs. 5 and 6.

FIG. 5 is a flow chart illustrating an operation of the

second microcomputer depicted in FIG. 4.

When the recording mode is selected, the second

microcomputer 410 detects PIDS from transport packets
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continuously inputted from the interface apparatus 390 and in

turn provides the detected PIDs to the PID changer 420fST41,

ST42).

The second microcomputer 410 assigns a first predetermined

PID to a first transport packet firstly inputted thereto, and

provides the first predetermined recording‘ PID to the PID

changer 420. At this time, the PID changer 420 changes the PID

of the first transport packet into the first predetermined

recording PID, and outputs the first transport packet to the

second buffer 430. And, when a second transport packet, a PID

value of which is different from that of the first transport

packet is inputted to the second microcomputer 410, the second

microcomputer 410 assigns a second predetermined recording PID

to the second transport packet. At this time, the PID changer

420 changes the PID of the second transport Pécket into the

second predetermined recording PID, and outputs the second

transport packet to the second buffer 430. Every time that

transport packets having the same PID as that of the first

transport packet are inputted, the second microcomputer 410

assigns the first predetermined recording PID to the transport

packets. And, in Case where transport packets having the same

PID as that of the second transport Pficket are inputted, the

second microcomputer 410 assigns the second predetermined
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recording PID to the transport packets{ST43, ST44, sT45].

The transport packets inputted to the second buffer 430 are

outputted to the encoder 440, and recorded on the storage

medium by the read/writer 450{ST46).

Therefore, since the transport packets inputted through the

interface apparatus 390 to the second microcomputer 410 relate

to video or audio transport packets of a Single broadcasting

program, the recording apparatus 400 stores the transport

packets with the first and second predetermined recording PIDs

without the types of broadcasting programs.

FIG. 6 is a flow chart for illustrating’ a playback

operation of the first microcomputer 350 depicted in FIG. 4.

Referring to FIG. 6, in a playback mode, the first

microcomputer 350 controls the multiplexer 320 to allow a

transport stream from the interface apparatus 390 to be

inputted to the demultiplexer 340(ST5l. ST52).

At the same time, the microcomputer 350 provides the first

and second predetermined PIDs as the video and audio PIDs of a

program recorded in the recording apparatus 400 to the

demultiplexer 34G(ST53).

The first microcomputer 370 sets a time—out period T.

Preferably, the time-out period T is a sequence period of the

sequence header(ST54}.
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And, the first microcomputer 370 determines whether the

MPEG decoder 350 detects the sequence header for the time-out

period T. when the sequence header is detected by the MPEG

decoder 350, the first microcomputer 370 determines that the

setting of the first and second predetermined PIDs by step ST53

is correctly performed{ST55. ST56, ST57}.

To the contrary, when the MPEG decoder 350 detects the

sequence header for the time—out period T, the first

microcomputer 370 determines that the setting of the first and

second predetermined recording PIDs by step ST53 is incorrectly

performed. And, the first microcomputer 370 again sets the

video and audio PIDS on the demultiplexer 340 by changing the

first and second predetermined PIDs with each other(ST58).

Therefore, as illustrated above, the set top box(300)

reproduces a transport stream of a program inputted from the

recording apparatus 400 without the information about how the

first and second predetermined recording PIDs are respectively

assigned to the video and audio transport packets of the

program.

FIG. 7 is a block diagram for showing an apparatus for

reproducing and recording MPEG-2 video/audio in which the set

top box and the recording apparatus depicted in FIG. 4 are

integrally constructed.
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At the same portions of FIG. 7 as those of FIG. 4, the same

numerals are denoted, and those descriptions are omitted.

In FIG. 7, the PID changer 420 is directly connected with

the demultiplexer 340, and the thind buffer 470 is also

directly connected with the multiplexer 320. A microcomputer

701 performs the same functions as the first and second

microcomputers 370 and 410.

While this invention has been particularly shown and

described with reference to particular embodiments thereof, it

will be understood by those skilled in the art that various

changes in form and details may be effected therein without

departing from the scope of the invention as defined by the

appended claims.
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1. An apparatus for reproducing a broadcasting program which

is selected from a transport stream, the apparatus comprising:

means for demultiplexing a transport stream according to a

video PID and an audio PID, thereby generating’ a video

bitstream of video transport packets and an audio bitstream of

audio transport packets representing a selected broadcasting

program:

means for decoding the video bitstream and the audio

bitstream according to a sequence header, thereby generating a

video signal and an audio signal , the sequence header which is

detected from the video transport packets or the audio

transport packets;

means for recording the video and audio transport packets

from the demultiplexing means on a storage medium; and

means for detecting PIDS from the transport stream read out

from the recording means providing PIDS and providing the

detected PIDs as the video PID or the audio ?ID to the

demultiplexing means in response to whether the decoding means

detects the sequence header.

2. An apparatus as claimed in claim 1, wherein said
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recording means includes means for generating a first

predetermined PID and a second predetermined PID;

means for changing one PID of transport packets with the

first predetermined PID and the other PID of the transport

packets with the second predetermined PID, respectively, the

transport packets in which the video PID and the audio PID are

included; and

means for recording PID changed transport packets from the

changing means into a storage medium.

3. An apparatus as claimed in claim 1. or 2, further

comprising means for buffering the transport stream read out

from the recording means, wherein the demultiplexing means

demultiplexes the transport stream from the buffering means,

and the detecting means detects the video PID and the audio PID

from the transport stream.

4. A.method of reproducing MPEG-2 video and audio data, the

method comprising the steps of:

a] reading out a transport stream of an MPEG-2 broadcasting

program from a storage medium in which the MPEG-2 broadcasting

program is recorded, wherein the transport stream is

multiplexed by video transport packets and audio transport
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packets:

bl demultiplexing the transport stream according to a video

PID and an audio PID, thereby generating a video bitstream of

the video transport packets and an audio bitstream of the audio

transport packets;

c) decoding the video bitstream and the audio bitstream

according to a sequence header, the sequence header which is

included in the video bitstream or the audio bitstream;

d) detecting one PID or more from the transport packets;

and

e) selecting the video PID and the audio PID from the one

PID or more detected by step d) based on whether the sequence

header is detected by step C}.

5. A method of recording MPEG-2 video and audio data, the

method comprising the steps of:

a) generating predetermined recording PIDs corresponding to

each PID of transport packets which are inputted from an

exterior:

b) changing each PID of the transport packets into the

predetermined recording PIDs, wherein each PID of the transport

packets having the same PIDs is changed into the same

predetermined recording PID: and
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C) recording the transport packets, PIDs of which are

changed by step b) on a storage medium.

6. A method as claimed in claim 5, wherein the transport

packets are for a single broadcasting program.

7. An apparatus substantially as hereinbefore described with

reference to and illustrated by any one of Figures 1 to 7 of the

drawings.

8.A. method of reproducing’ MPEG-2 video and audio data

substantially as hereinbefore described with reference to and

illustrated by any one of Figures 1 to 7 of the drawings.
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