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INTEGRATED VIDEO PROCESSING SYSTEM HAVING,MUtTIPLE
VIDEO SOURCES AND IMPLEMENTING PICTURE~IN-PICTURE
WITH ON-SCREEN DISPLAY GRAPHICS

The present invention is directed generally to video
signal processing, and more particularly, to an integrated
digital video processing system capable of receiving and
merging a compressed digital video signal and an
uncompressed analog video signal into a picture-in-picture
display for a television system, either with or without
overlaying of on-screen display graphics. By way of
example, the integrated digital video processing system can
be implemented as a digital video set-top box (STB)
digital video disc (DVD) player.

or a

Background of the Invention

Multiﬁle functions are .today commonly being integrated
onto a single system chip. For example, in order to enhance
marketability of an integrated digital video processing ‘
system chip, such as a digital video system chip for use in
a set-top box or digital video disc player, it may be
desirable to allow for.external inputs or functions to be
coupled to the intégrated systen chib.

In general, a picture-in-picture television system
displays a certain picture as a main screen and a given
number of sub-screens, which have the same image source with

one another, arranged at predetermined positions ¢z the
screen. Conventionally,

main
a television system either includes

a picture-in-picture module or not, in which case the
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television system comprises a non-picture-in-picture system.

The picture-in-picture feature of television systems

typically differentiates a high-end television system from a

low-end television system. Systems offering picture;in—

picture often carry a significant additional charge over a

similar television without picture-in-picture.

Recoghized herein is the commercial desirability of
adding a picture-in-picture feature to an integrated digital
video system, such as a digital video decode set-top box or
digital video disc player, with a minimal of additional
product cost, to.thereby provide a non-picture-in-picture

television system with the capability of displaying multiple
pictures simultaneously.

isclosure of the Invention

Briefly summarized, the invention comprises in one
aspect a method for forming.a multi-screen display for
presentation to a non-picture-in-picture television system.
The method includes: receiving and decoding a compressed
digital video signal to produce a decompressed digital video
signal; receiving an uncompressed video signal; and merging
the decompressed digital video signal and uncompressed video
signal to produce a multi-screen display signal for the
television system, thereby providing the non-picture-in-
picture television system with the capability to display

nultiple screens simultaneously.

In another aspect, a method for processing an analog
video signal is provided herein. This method includes:

digitizing the analog video signal for input to a digital
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video processing system; and blending within the digital

video processing system the digitized video signal with on-
screen display (0OSD) graphics.

In still another aspect, a system for forming a multi-
screen display for a non-picture-in-picture television
system is provided. This system includes a video decoderx
for decoding a compressed digital video signal from a first
video source and producing therefrom a'decompressed digifal
video signal. The system further includes an input for
receiving into the video decoder an uncompressed vidge
signal from a second video source. The video decoder is
adapted to merge the decompressed digital video signal and
the uncompressed video signal to produce a multi-screen
display signal for the television system, thereby providing
the non-picture~in-picture television system with the

capability to display multiple screens simultaneously.

In Yef another aspect,_a system fo; processing an
analog video signal is provided. This system includes a
digital video processing system, and a digital multi-
standard decoder. The digital multi-standard decoder
digitizes the analog video signal for ihput to the digital
video processing system. The digital wvideo processing
system is adapted to blend the digitized video signal with

on-screen display (0OSD) graphics for output as a blended
video signal.

In a further aspect, the present invention provides an
article of manufacture which includes a computer program
product having computer usable medium with computer readable

program code means therein for forming a multi-screen
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display for a non-picture-in-picture television system. The
computer readable program code means in the computer program
product includes: computer readable program code means for
causing a computer to effect décoding a compressed digital
video signal to produce a decompressed digital video signal;
computer readable program code means for causing a computer
to effect réceiving an uncompressed video signal; and
computer readable program code means for causing a computer
to effect merging the decompressed digital video signal and
uncompfessed video signal to produce a multi-screen display
signal for the television system, thereby providing fhe non-
picture-in-picture television system with the capability to

display multiple pictures simultaneously.

In a still further aspeét, the invention comprises an

article of manufacture which includes a computer program

product having computer usable medium with computer readable

program code means therein for processing an analog video

signal. The computer readable program code means in the
computer program product includes: computer readable program
code means for causing a computer to effect digitizing the
analog video signal; and computer readable program code
means for causing a computer to effect blending the
digitized video signal with on-screen display (0OSD) graphics
for presentation to a television system. )

To restate, provided herein is an integrated digital
video processing system capable in one embodiment of
receiving and merging a compressed digital video signal and
an uncompressed analog video signal into a picture-in-
picture display for a television system otherwise lacking

picture-in-picture capabilities. As an enhancement, the



picture-in-picture display produced by the integrated
digitai video processing system can be overlaid with on-
screen display (OSD) graphics. In an alternate embodiment,
an integrated digital video processing system is pro&ided
wherein an analog video signal can be .received aqd overlaid

wifh OSD graphics before presentation to a television system
for display.

The integrated digital video processing system can be
implemented as a digital video set-top box (STB) or a
digital video disc (DVD) player, by way of example. -
Pursuant to this invention, picture-in-picture capabilities,
as well as OSD graphics overlay capabilities can be added
*hrough a set-top box controller chip with a very minimum of
«dditional product cost. The uncompressed analog video
forming a portion of the resultant picture-in-picture can be
derived from any one of a number of sources, including &
‘ideo cassette recorder, camcorder, television camera, laser
«isc, DVD player, computer with TV output, cable television
signal, satellite analog channel, or a tuner-connected

antenna. Advantageously, in one embodiment of the invention

presented herein, the mixing/blending of.uncompressed video
and decompressed video is rerformed at a last stage of video
processing for a video deccder, and therefore, logic
necessary to provide the video decompression and on-screen

display is free to continue the video decompression, display
refresh and video downscaliag.

Brief Description of the Drawings

The above-described c>jects, advantages and features of

the present invention, as well as others, will be more
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readily understood from the following detailed description

of certain preferred embodiments of the invention, when

considered in conjunction with the accompanying drawings in
which:

Fig. 1 depicts a general block diagram of a video
decode unit;

Fig. 2 is a block diagram of a video decode system to
implement picture-in-picture with on-screen display (OSD)

graphics capabilities in accordance with the principies of
the present invention;

Fig. 3 is a block diagram representation of a multi-
screen display (i.e., picture-in-picture) implemented in

accordance with the principles of the present invention;

Fig. 4 is a block diagram of one embodiment of an
integrated video decode system in accordance with the
present invention, having a first, digital video source and

a second, analog video source inputting video signals for
merging within the integrated system;

Fig. 5 is a detailed representation of one technique
for merging decompresséd digital video and uncompressed
analog video into a multi-screen display, along with the
capability to blend the resultant video with on-screen

display (0OSD) graphics in accordance with the principles of
the present invention;
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Fig. 6 is a detailed embodiment of a video decoding

A}

system in accordance with'the'principles of the present
invention;

Fig. 6a illustrates frame buffer subdivision in a

normal mode and in a video scaling mode in accordance with
the present invention;

Fig. 7a is a timing diagram showing delayed display

timing in a video scaling mode in accordance with the
principles of the present invention;

- %

Fig. 7b illustrates one example of switching of the

“small frame buffers 2, 4 & 6 of Fig. 6a in accordance with

the present invention;

Fig. 8 is a block diagram of one embodiment of a

decimation unit in accordance with the principles of the

present invention for the video decode system of Fig. 6;

Fig. 9 is a block diagram of one embodiment of display

mode switch logic in accordance with the principles of the

present invention for the video decode system of Fig. 6; and

Fig. 10 is a flowchart of one embodiment of processing
implemented by the sync generator of Fig. 9 in accordance

with the principles of the present invention.

Best Mode for Carrving Out the Invention

Generally stated, presented herein is an integrated

digital video decode system, for example, for a digital
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video set-top box (STB) or a digital video disc (DVD)

player, which provides picture-in-picture capability to a
non-picture-in-picture television system. Further,
presented herein is an integrated dig;tal video procéssing
system capable of blending on-screen display graphics with
an uncompressed analog input signal from, for example, a
cable, satellite, video cassette recorder, or external
tuner, as well as the capability to blend OSD graphics with

a composite multi—screen display produced by the integrated
digital video decode system.

- e s

Input of an analog (or secondary digital) video stream
can be through, fof example, an external graphics/video
(EGV) port such as described in the above-incorporated, co-
filed patent application entitled “Programmable External
Graphics/Video Port For Digital Video Decode System Chip”.
Briefly summarized, the EGV port comprises a programmable
bi-directional port for a video decode system chip having a
video decoder and an internal digital display generator
circuit. The EGV port employs a fixed number of signal
input/output (I/O) pins on a video decode system chip while
providing a plurality of connection configurations for an
external graphics controller, an external digital display
generator circuit and an external digital multi-standard
decoder to the video decoder or the internal digital display
generator circuit of the chip. The EGV port includes
receiver/driver circuitry for accommodating in parallel a
plurality of input/output signals, including pixel data

signals and corresponding synchronization signals.

Further, the above-incorporated patent application

entitled “MPEG Video Decoder With Integrated Scaling And
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Display Functions” can be referenced for one embodiment for

producing a reduced size, decompressed video signal for

display, for example, on a conventional television system.
Downscaling of decompressed video is discussed in detail

below in connection with Figs. 6-10. One embodiment of an

0SD region processor is described in detail in the
application entitled “Color Mapped And Direct Color 0SD
Region Processor With Support For 4:2:2 Profile Decode
Function,” and OSD overlaying of graphics is a capability
that is commercially available as noted further below.

In
one embodiment, the capabilities described in these. , .

applications are incorporated into an integrated digital
video decode system to be employed in accordance with the

principles of the present invention. However, the teachings

of these applications are incorporated by way of example

only. Other approaches will be apparent to those skilled in

the art based upon the description provided herein.

As 1s well-known, the MPEG~2 standard describes a
digital video encoding method that results in substantial
bandwidth reduction by a subjective lossy compression

followed by a lossless compression. Encoded, compressed

digital data is subsequently decompressed and decoded in an

MPEG-2 decoder. By way of example, video decoding in

accordance with the MPEG-2 standard is described in detail
in the above-incorporated, commonly assigned United States

Letters Patent No. 5,576,765, entitled “Video Decoder”.

Although the present invention is described hereinbelow

in connection with an MPEG-2 videohdecoder, such as

discussed in United States Letters Patent No. 5,576,765, the

[%

invention is not limited to use with an MPEG-2 decoder, but
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rather, can be employed within any integrated video
processing system where it is desirable to implement

enhanced graphics and/or video processing.

As background, Fig. 1 shows a diagram.of a conventional

video decoder. Compressed data enters as signal 11 and is

stored in the compressed data memory 12. The variable

length decoder (VLD) 14 reads the compressed data as signal
13 and sends motion compensation information as signal 16 to
the motion compensation (MC) unit 17 and guantized

coefficients as signal 15 to the inverse quantization*{(IQ)

unit 18. The motion compensation unit reads the reference

data from the reference frame memory 20 as signal 19 to form

the predicted macroblock, which is sent as signal 22 to the

adder 25. The inverse quantization unit computes the

unquantized coefficients, which .are sent as signal 21 to the

inverse transform (IDCT) unit 23. The inverse transform

unit computes the reconstructed difference macroblock as the
inverse tiansform of the unguantized coefficients. The
reconstructed difference macroblock is sent as signal 24 to
the adder 25, where it is added to the predicted macroblock.
The adder 25 computes the reconstructed macroblock as the

_sum of the reconstructed difference macroblock and the

predicted macroblock. The reconstructed macroblock is then

sent as signal 26 to the demultiplexer 27, which stores the

reconstructed macroblock as signal 29 to the reference
memory if the macroblock comes from a reference picture or

sends it out (to memory or display) as signal 28. Reference

frames are sent out as signal 30 from the reference frame
memory.
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A partial embodiment of a decode system chip, generally
denoted 40, to employ the concepts of the present invention
is depicted in Fig. 2. System 40 inclﬁdes, e.g., a PCI bus
interface 44 which couples the decode system 40 to a PCI bus
42. MPEG encoded video data is fetched from PCI bus 42 by a
DMA controller 46 which writes the data to a video first-
in/first-out (FIFO) buffer 48. The DMA controiler also
fetches on-screen display (0SD) and/or audio data from PCI
bus 42 for writing to an OSD/audio FIFO 50. A memory
controller 52 will place video data into a correct memory
buffer within dynamic random access memory (DRAM) 53; * MPEG
compressed video data is then retrieved by the video decoder
54 from DRAM 53 and decoded as described above in connection
with Fig. 1. Conventionally, the decoded video data is then
stored back into the frame buffers of DRAM 53 for subsequent
use. When a reference frame is needed, or when video data
is to be output from the decode system, stored data in DRaAM
53 is retrieved by the MEM controller and forwarded for
output via a display & OSD interface 58 through a digital
video encoder/digital—td—analog converter ¢hip 59. Audio
data, also retrieved by the video controller 52,

through an audio interface 60.

is output

As noted briefly above, this invention is directed in
one aspect to providing a digital video decode system with
the ability to implement a picture-in-picture feature.
Another aspect of the ihvenﬁion is directed to providing a
digital video decode system with the capability to overlay
graphics onto an analog video signal that is input to a
digital video processing system, through, for example, an
external graphics/video (EGV) port such as described in the

above-incorporated, co-filed patent application entitled
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“programmable External Graphics/Video Port For Digital Vidéo
Decode System Chip.” This invention employs two features of
the integrated digital video decode systems described in the
initially incorporated applications. Specifically, fhis
invention employs the previously described ability to blend
on-screen display (0SD) graphics with an analog video
channel, as Well as the ability to downscale décompressed
digital video to a region comprising a portion of the full

screen size. These features are described in greater detail

below and in the incorporated applications.

Fig. 3 depicts one embodiment of a display screen 70 of
a television system to display images produced by an
integrated digital video decode system in accordance with

the principles of the present invention. As is well-known,

screen 70 displays images through a plurality of pixels 71
extending across the screen. Within screen 70, a first
picture 72 is shown disposed within a larger picture 74.

Thus, Fig. 3 is an example of a picture-in-picture or multi-
screen display.

Fig. 4 depicts one embodiment of a digital video decode
system chip, generally denoted lOO,'incoiporating the
principles of the present invention. 'System 100 receives a
digital video signal 101, for example, from a first video
source such as a cable or satellite source. Signal 101 is
forwarded through a network interface module (NIM) 102,
which outputs an MPEG transport stréam to transport logic
103 comprising part of the integrated system 100. Transport
103 demultiplexes the transport stream and sends the
compressed video stream to a video decoder 106 (see Fig. 2)

within the integrated system. The video decoder generates a



decompressed MPEG video sigﬁll which is ultimately forwarded
to an internal digital video encoder (DENC) macro 107 for
formatting for a television system (not shown). Digital-to-
analog conversion of the video signal occurs prior to output
110 to the television system.

In accordance with the princip;es of the §resent
invention, the downscaling capabilities of the video decoder
106 (described in detail below relative to Figs. 6-10) are
employed to reduce the size of the decompressed digital |
video, in one embodiment, to a fractional picture display
. size, for .presentation as a secondary window, sudh as window
72 in Fig. 3. The other picture té form the picture-in-
picture display is received as an uncompressed video signal
through, for example, the external graphics/video port
described in the above-incorporated application entitled
“Programmable External Graphics/Video Port For Digital Video
Decode System Chip.” Alternatively, a dedicated port could
be constructed by one skilled in the art for input of the
uncompressed video signal to the integrated diéital
processing system, including the video decoder. This
uncompressed signal is received from a second video source

and may either comprise another digital signal or an analog
"signal.

If an analog video signal 104 is received, for example,

from a cable, satellite, VCR or tuner source, a digital
multi-standard decoder (DMSD) 105 digitizes the analog
signal for input to the integrated digital video decode
system 100. Interfacing of the DMSD 105 to the video
decoder and associated display and.OSD logic 106 is

described in the above-incorporated EGV port application.
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Note that DMSD 105, along with providing digital conversion

of the analog video signal, will be (in one embodiment) the
sync master to the video decoder and internal DENC. DMSD
105 provides synchronization signals, for example, via
horizontal sync and vertical sync input ports, CCIR-656
SAV/EAV code words, or similar means, to both the video
decoder’s display/0SD unit and the internal DENC. The
latter two units are responsible for interpreting the
synchronizatioh information and correctly processing the
data. The means for performing this can be stand;rd

operations, for examplé, employing sync slave signai§;

Fig. 5 depicts one embodiment for modifying the video
decoder/display & OSD logic 106 to include the merging and
blending capabilities pursuant to the present invention.

this embodiment, a 2:1 MUX 202 controlled by a processor

In

generated “pixel select control” signal selects between the
decompressed digital video, i.e., the decompressed video
derived ffom the MPEG stream received through transport 103,
or the uncompressed video, i.e., the'analog (or digital)

signal received through DMSD 105. 1In one embodiment, the

“pixel select control” has three modes of operation which

are set by the host processor. The host processor can set

the pixel select control to (1) forward the decompressed

video on to display, .(2) forward the uncompressed video on

to display or (3) support picture-in-picture display,
dynamically selecting both the decompressed and uncompressed

video for display. In mode (3), switching between

decompressed and uncompressed video for simultaneous display
is done at a rate according to the desired location(s) of

the secondary picture 72 (see Fig. 3).
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In one embodiment, the decompressed digital video is
downscaled to form a window within a larger picture

comprising the uncompressed video. Thus, the “pixel select

control” signal dictates from an upper leftmost position on
the display screen whether pixel information from the
decompressed video or'the.uncompressed video is to be
employed progressing from left to right in a rgster scan
line and from top to bottom down the display screen. In
this regard, note that the positioning of the insert picture
as well as the size of the insert picture can be readily
modified by those skilled in the art without departing from
the teachings of the present invention. The resultant video
output from 2:1 MUX 202 is fed as the base input to 0SD

blend logic 204 on the integrated digital video decode

system chip 100 (Fig. 4). The OSD graphics to be blended

with the resultant video is also input to logic 204, the
output of which is the desired picture-in-picture with
graphics. The functioning of the OSD blend logic 204 is
identical to that already known in connection with

superimposing OSD graphics over decompressed digital video
alone.

The OSD blend function provides a weighted average of
pixel luma and chroma values between the video and 0OSD
graphics source. This average is based on a weighting
coefficient alpha (denoted here by ‘a’}) having a range
between 0 and 1. The average is calculated as:

(video x a) + (0OSD x (1 - a)).

Additionally, most implementations provide for the OSD
graphics area to be composed of one or more regions

(rectangles), with the alpha coefficient individually
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'be constant over the entire OSD) .

16
selectable for each region (i.e., blending does not have to

The . 0SD blending function
for use with decompressed digital video is available in the

art in products such as IBM’s “MPEG 2CS22 Digital
Audio/Video Decoder”. '

To summarize, the co-filed, and incorporafed EGV port

patent application describes a capability to bring into an
integrated digital video decode system (such as a set-top
box or digital video disc player) an uncompressed video
stream and synchronize the output video/audio presentation
to the stream. Presented herein is the further capability
to mix and/or blend graphics into the output video stream,
which may either comprise the uncompressed video stream or

merged picture-in-picture video stream including both the

. decompressed digital video and the uncompressed video. The

blended stream is then output to the internal digital video
encoder (DENC}) macro for encoding to television format.

Thus, an uncompressed (e.g., analog) channel is presented

with the same graphical features, function and programming

model capabilities as existing digital channels utilizing

the integrated digital decode system. Typical sources for

the uncompressed, analog video would be a video cassette

recorder (VCR), camcorder, television camera, laser disc,
digital video disc player, computer with TV output, cable
television analog channel, satellite analog channel,
connected antenna (broadcast).

tuner
Any of these sources may
provide a composite television or S-video signal to a

digital multi-standard decoder (DMSD) chip which then

digitizes the incoming video and sends the digitized video
to the integrated decode system for blending of video

signals and mixing of graphics.
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As noted briefly above} downscaling of decoded digital
video is also employed in a preferred embodiment hereof
wherein a stream of picture-in-picture video is produced for
display on a conventional, non-picture-in-picture teievision
system. Downscaling of the digital decompressed video has
been described in the above-incorporated co—pending
applications as freeing up television display surface area

for graphics information that the viewer is temporarily more

interested in viewing. The graphics information may be

Internet information, programming guide information or any

adjustments to the audio or video presentation. The, .

downscaled video can be placed in various locations of the
screen.

Because the mixing/blending of uncompressed video
described herein is performed as a last stage in the video
processing (see Fig. 2) all logic necessary to provide the
video decompression and on-screen display is free to
continue the video decompression, display refresh and video
downscaling. The mix/blend is proposed herein to be
performed between the OSD graphics and the decompressed
digital video or the uncompressed analog video. By
providing controls to the selection of the video source that
dynamically switch between the reduced picture decompressed
digital video and the uncompressed video source, a full
screen uncompressed video is presented in the background and
the reduced digital video is presented in the foreground.
Positioning of the foreground video can be moved under
software and user control to keep the reduced image from

blocking the significant sections of the full-screen video

image stream. OSD graphics can be blended with both images

to cover the entire viewing area. OSD graphics can be used
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to put a border around the reduced foreground image as

desired.

As discussed initially herein, this invention cémprises
a decoding system with integrated scaling capability which
can scale the size of an MPEG-2 video presentation by a
predetermined reduction factor. As the MPEG-2 video decoder
market becomes more and more competitive, the need for high
level of feature integration at the lowest possible cost is
important to achieving success in the marketplace. The
present invention acknowledges this by providing a scaling
mode to reduce the size of a display picture by a prEéefined

factor, sﬁch as 2 and/or 4 in both the horizontal and
vertical axis. .

Fig. 6 depicts one embodiment of a video decode system

in accordance with the principles of the present invention.
This wvideo decode system includes external memory 653, which
in the embqdiment shown comprises SDRAM frame buffer
storage. -Memory 653 interfaces with a memory control unit
652. Mémory control unit 652 receives decoded video data
from a video decoder 654 and provides video data for display
through video display unit 690. In accordance with the
principles of the present invention, the video decode system

includes numerous features which implement a video scaling
mode capability.

For example, decimation unit 682 is modified to include
both a normal video decimation mode and a video scaling
mode. Frame buffers 653 are modified to accommodate storage
of decoded video data in either full-frame format or a
combination of full-frame format and scaled video format.
Display mode switch logic 696 is provided within video

display unit 690 to facilitate seamless switching between
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normal video mode and scaled video mode. Frame buffer

pointer control 686 is modified to provide the correct frame
buffer pointers based on the novel partitioning of the frame

buffers when in normal video mode and when in scaled video
mode.

Operationally, an MPEG input videc source .is fed
through memory control unit 652 as coded MPEG-2 video data
to the input of video decoder 654. Decoder 654 includes a
Huffman decoder 672, Inverse Quantizer 674, Inverse DCT 6976,
Motion Compensation 678 and adder 680, which function as

described above in connection with the video decoder:of Fig.
1. An intermal processor 670 ove}sees the video decode

process and, in accordance with the principles of the
present invention, receives a signal from a hést.system
whenever the host desires to switch the video display
between, for example, normal video display and scaled video
display. This signal is referred to in Fig. 6 as a "host
contrdllﬁdhformat change" signal. In response to host
format changes, control signals are sent from internal
processor 670 to Huffman decoder 672, Inverse Quantizer 674,
Motion Compensation 678, as well as to upsample logic 694,

display fetch unit 692 and display mode switch logic 696

within video display 690. Again, these control signals

direct the video decode system in accordance with the
principles of the present invention (and as described below)

to switch the display output between, for example, normal
video mode and scaled video mode.

Full size macroblocks of decoded video data are
sequentially output from video decoder 654 to decimation

unit 682 where, in one embodiment, the full size macroblocks

undergo one of two types of compression. First, if full

size video is desired, then decimation of the B-coded



20

pictures only is preferably performed. In this normal video

mode, decimation is a process of reducing the amount of data
by interpolating or averaging combined values to get an

interpolated pixel value. Interpolation reduces the number

of pixels, and therefore, less external memory is required

in the overall system. 1In a second mode, decimation unit

682 performs picture scaling in accordance with the

principles of this invention. By way of example, the type

of scaling employed may reduce the overall size of the

display picture by a factor of 2 or 4 in both the horizontal
and vertical axis.

] @
Aloﬁg with providing decimation unit 682 with a stream

of decoded full-size macroblocks, video decoder also sends a

"motion compensation unit block complete" signal on line

683, which lets decimation unit 682 know when a macroblock

has been completely decoded. Similarly, decimation unit 682

provides a "decimator busy" signal on line 685 to motion

compensation unit 678 of video decoder 654. This "decimator

busy" signal informs the motion compensation unit when the
decimation unit is busy and when the unit has completed its
operations, after which the motion compensation unit can
proceed to the next wmacroblock.

Motion compensation unit 678 of video decoder 654
provides read video addresses directly to memory control
unit 652, and write video addresses to decimation unit 682
for writing of decoded video data (full size) and/or scaled

macroblocks to external memory 653. In parallel with the

read video address and write video address, pointers are
provided by frame buffer pointer control 686 to the memory
control unit. These pointers define which frame buffer
areas within SDRAM 653 are to be accessed by a given read

video address or write video address in accordance with the
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partitionings of the frame buffer memory space pursuant to

this invention (as described further below). These pointers

are referred to in Fig. 6 as current pointer and current

small pointer, with current pointer comprising a pointer for

a full size macroblock, and current small pointer comprising
" a pointer for a scaled macroblock.

Decimation unit 682 receives the decoded full-size
macroblocks, buffers the information internally and if

scaling mode is activated, performs scaling as described

below. In a normal mode, decimation unit 682 outputs

decoded video data full-size macroblocks to memory cdohtrol

unit 652 for storage in frame buffers 653.

When in scaling
mode,

decimation unit 682 scales the full-size macroblocks
and outputs scaled macroblocks to memory control unit 652
for storage in frame buffers 653.

Frame buffer pointer control 686 is significant and

controls rotation of the frame buffers, i.e., frame buffer

assignments, when in normal video mode and video scaling
mode in accordance with the principles of the present
invention (described further below).

As described in the above—incorporated.applications,
decimation unit 682 also functions as part of video display
unit 690 when retrieving data for display. Specifically,
decoded video data comprising full-size scan lines is
retrieved from frame buffer storage 653 and fed through
decimation unit 682 for B-frame re-expansion of pictures.
This is done so that consistency is maintained for the wvideo

within a group of pictures, and thus reduced resolution of

any one picture is not perceptible. After re-expansion, the

full-size scan lines are provided to display output
interface 698.
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Alternatively, when in video sCaiing-mode, decoded
video comprising scaled scan lines is retrieved from frame
buffer storage 653 and fed directly to scan ling;ﬁidéo
buffers 684. The scén lines are divided between luminance
and chrominance data and both a current scan line and a
prior scan line are fed from scan line video buffers 684 to
vertical and horizontal upsample logic 694. Upsample
controls are received from display fetch unit 692, which
coordinates letterbox formatting;,SIF upsampling, 4:2:0 to
4:2:2 upsampling, and flicker reduction. '

. | -- T

Display fetch unit 692 provides the read'video.addfess
for retrieval of scan lines from frame buffer storage 653.
A "current pointer, current small pointer" synchronization

(sync) signal for display.is received by memory control unit
652 from display mode switch logic 696 of video display unit
690. As noted ab¢ve, the curreﬁt pointer, current small
.pointer signal points to the particular_fréme buffer area
from which’sqan lines are to be rétrieved, while the read
video address signal designétéé the particular scan lines to
be retrieved within that frame buffer area.

" Display mode switch logic 696 is provided in accordance
with the principles of the present invention in order to

ensure seamless switching between, for example, scaled video

696 receives as input a
control 'signal from internal processor 670 of video decoder

mode and normal video mode. Logic

654, as well as a vertical syhchronization (VSYNC) signal
(from display output interface 698) and a B picture "MPEG-2

repeat field" signal from Huffman decoder 672 of video

decoder 654. VSYNC is an external synchronization signal

that indicates the start of a new display field. Output

from display mode switch logic 696, in addition to the
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current pointer, current small pointer sync for the display,

is a "display format sync for display" signal fed to display
fetch unit 692, as well as a "display format sync for
decode" signal fed to the decode logic of decimation unit
€82. Display mode switch logic 696 also outputs a "block
video" signal to display output interface 698 which is
employed, in accordance with the principles of the present
invention, to block one display frame to keep noise from the

display when switching between display modes. Video data is

received at the display output interface from upsample logic
694. The decimation unit, frame buffer partitioning, frame
buffer pointer control and display mode switch logia,s all
implemented in accordance with the principles of this
.invention, are described in greater detail below with
reference to Figs. 6a-10.

First, the frame buffers. The frame buffers are used
to store the constructed pictures for display, as well as
for prediction of subsequent pictures.

Since a B picture is
not used"for prediction,

its frame buffer is available for
use after the picture has been displayed. For I or P

pictures, the frame buffer needs to be held after display,
particularly for predicting B pictures.

Fig. 6a depicts frame buffer 700 allocation for both

normal video mode and scaled video mode in accordance with
the principles of this invention. 1In normal mode, there are
three frame buffers to support the decoding and display
processes. Frame buffer 0 and frame buffer 1 are allocated
for I and P pictures, while frame buffer 2 is assigned to B
pictures. The frame buffers are tagged by buffer pointers,

i.e., the current pointers from frame buffer pointer control
686 of Fig. 6.
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In the scaled video mode, at least five frame buffers
are employed. Frame buffer 0 and frame buffer 1 agéin
accommodate full size I and P picture video. The at least
three other buffers, which are labeled frame buffer 2, frame
buffer 4 and frame buffer 6 in the example shown, are tagged
- by small pointers generated by the frame buffer pointer
control. These small buffers are mainly used for display
purposes when in scaled video mode. The buffers are small
size in oxder to fit the wvideo scalings. When decoding an I
or P picture, the constructed picture is stored into either
buffer 0 or buffer 1 depending upon whichever is available.
At the same time, a scaled down version of the same picture
is stored-into one of the smaller buffers, i.e., frame
buffer 2, frame bﬁffer 4 or frame buffer 6. The full size
video is then used for prediction, while the small sized

video in the small frame buffers is used for display of the
scaled down picture.

The frame buffers are configured by microcode during
initialization of the video decode system. A memory base
address is assigned to each frame buffer, and these memory
base addresses are selected by the buffer pointers generated
by frame buffer pointer control. The read and write video
addresses refer to specific addresses within a selected
. frame buffer. Unless otherwise indicated, the term "frame
buffer" is used herein below as inclusive of all frame
buffer memory configured during initialization. "Frame

buffer area" refers to one of the specific frame buffers
depicted in Fig. 6a.

The video display operates in real time, and therefore,
frame buffer pointers must be switched according to the
VSYNC timing. Since decoding is always ahead of the

display, a frame buffer must be made available to store the
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decoded picture. Therefore, the frame buffer pointers must

be switched before decoding starts. To avoid the
disturbance to the display frame buffer, a copy of the

display buffer pointer is maintained. The buffer switching

time is at the beginning of each picture decode. The
display buffer pointer is also changed at that ‘time,
however, it will not be used until copy display pointer time
which ig the beginning of picture display. One embodiment
of normal mode buffer pointer rotation is described below.

~ The following assumes four buffer pointers, with each
pointer containing two bits to indicate which one of: the
three frame buffers (buffer 0, 1 and 2) is being accessed.

current. pointer - indicates the frame buffer to be
used for the constructing picture;

display pointer - indicates the frame buffer to be
used for the display;

future pointer - indicates the frame buffer to be
used for the backward prediction; and

past pointer - indicates the frame buffer to be
used for the forward prediction.

At startup, the future pointer is initialized to "1"

and the other pointers are set to "0". At the beginning of

an I or P picture decode, the value from the past pointer is
loaded into the current pointer and the value from the
future pointer is loaded into the display pointer. The
values in the future pointer and the past pointer are
swapped. If the decoding picture is a B picture, the
current pointer and the display pointer are set to "2".
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Frame buffer 2 is reserved, in one example, for the B

pictures. The future pointer and past pointer remain

Pointer switching in normal mode is described in
greater detail in United States patent number 5,668,599 by

unchanged.

Cheney et al., entitled "Memory Management For An MPEG-2
Compliant Decoder," the entirety of which is hereby
incorporated herein by reference.

In scaled video mode, the display time of a picture is

delayed by an additional field time in accordance with the

present invention. The purpose of this delay is to decouple

the decode and the display processes so that the decoded

scaled video can be placed anywhere on the screen. Fig. 7a

depicts one example of the delayed display timing in scaled

video mode. This display timing is adjusted dynamically

according to the mode, i.e., whether normal mode or scaled

video mode. The one field time delay is needed in

accordance with this invention to properly manage the

buffers. At least five buffers are again assumed in the

video scaiing mode. As desqribed above, two of these five

buffers comprise full-size frame buffers, and are labeled

frame buffer 0 and frame buffer 1 in Fig. 6a. These full-

size frame buffers are the same as the corresponding buffers

used in normal video mode. The at least three small frame

buffers, i.e., frame buffer 2, frame buffer 4 and frame

buffer 6, are allocated in the same memory space occupied by

frame buffer 2 used in the normal video mode. These three

small frame buffers are controlled by a different algorithm
than described above.

’

;
Specifically, four additional pointers are used in
scaled video mode. These pointers are:
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small current pointer - indicates a small buffer
for the decimated constructing picture;

small display pointer - indicates a small buffer
for the display;

small future pointer - indicates the small buffer
for the future display; and '

small transition pointer - indicates the small
buffer for the transition.
e
When the decoder is initialized, the small current
pointer, small display pointer, small future pointer and

small transition pointer are set to 0, 2, 4 and 6,

respectively. At the start of each picture decoding, the

small current pointer is loaded from the small transition

pointer and the small transition pointer is loaded from the

small display pointer. If the decoding picture is a B

picture, then the small display pointer is loaded from the

small transition pointer and the small future pointer

remains unchanged. If the decoding picture is an I oxr P

picture, the small display pointer is loaded from the small -
future pointer and the small future pointer is loaded from

the small transition pointer. One example of small frame

buffer switching in accordance with the present invention is
depicted in Fig. 7b.

The full-size frame buffers, frame buffer 0 and frame

buffer 1, are switching as if the decoder is running in

normal mode. These two buffers are needed for prediction,

but are not for display in scaled video mode. When an I or

P picture is being decoded, the picture is stored in both

buffers indicated by the current (full frame) pointer and
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the small current pointer. 'During a B picture decoding,

frame buffer 2 indicated by the current (full frame) pointer |

will not be used. Only the small frame buffer identified by

the small current pointer is used for the deciwmated picture.
In normal mode, the display pointer is used for display,
while in scaled video mode, the small display pointer is
used. The two buffer switching algorithms operate
simultaneously at the beginning of each picture decoding.

The buffer pointers are simply selected depending upon which
mode the decoder is in.

Next, Fig. 8 depicts one embodiment of a decimation

‘unit 682 (Fig: 6) employed in accordance with the present

invention.

In previous implementations of the decode decimation

unit, e.g., the decimation unit .was limited to operating on

B pictures only, for either letterbox or memory reduction

purposes. In a scaled video mode as presented herein,

however, the decode decimation-unit processes all picture

types. This is desirable in order to save memory bandwidth

at display time, since (in one embodiment) scaled pictures

and multi-plane, high resolution 0OSD graphics may be mixed
at the output. '

In the embodiment of Fig. 8, the decimation unit

includes decimation logic 800, which receives the decoded

video data from the video decoder and outputs a decimated

data flow to a decimation buffer 820. Output from

decimation buffer 820 is multiplexed 830 with the

undecimated, decoded video data received from the video

decoder such that multiplexer 830 outputs the decoded video

data, as well as the scaled macroblocks for storage in frame

buffers 0, 1, 2, 4 and 6 as described above when in scaled
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video mode. The write video address from the motion
compensation unit of the video decoder is fed to memory

write controls 840 within the decimation unit, which control

writing of data from decimation buffer 820. The write video

addresses, either with or without decimation scaling, are
also output through a multiplexer 850 to the memory control
unit (see Fig. 6).

Multiplexers 830 & 850 are controlled by decimate

control signals 810. The decimate control logic receives as

input a signal called "MCU _block_complete" from the motion

compensation unit of the video decoder. This signal ’

indicates when the decimator can begin to write the scaled

macroblock. The decimator informs the motion compensation

unit that it is currently busy through a signal labeled
"decimator_ busy".

For a given macroblock, there are two phases. One

phase is for the luminance, and the other phase is for

chrominance. Each phase requires a write of one full-sized

macroblock and one scaled macroblock, again, assuming scaled
video mode.

' Various specific changes to the decimation
hardware/process described previously are intended herein.
One change in the data flow of the decimation process is the
addition (in one example) of a 4 to 1 horizontal reduction,

which is implemented in the horizontal decimate function of
the decimation logic.

This is to support 1/16 size scaling.

Another change is to increase the decimation buffer

size to 32 x 32 bits. As I and P pictures are processed,

the full-sized macroblock is written to memory, while the

decimator scales down the macroblock at the same time and
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stores a small macroblock in the decimation buffer 820.
After the full-sized macroblock is written to memory, the
decimator writes the scaled macroblock to another buffer

location within memory (i.e., frame buffer 2, frame buffer 4

or frame buffer 6 in the example above). The larger

decimation buffer allows for the storing of the small
macroblock.

The decimate state machine logic is also changed to

allow two modes of operation, i.e., again assuming a scaled

video mode. The first mode is B picture processing and the

second mode is reference picture processing. For B’ picture
processing, only the small macroblocks are written to memory

through decimation buffer 820. The data is paced through

the decimation unit as fast as the motion compensation unit
can deliver it, since the decimation buffer can hold a

complete scaled macroblock. For reference picture

operations, the full-size macroblocks are written to memory
first through multiplexer 830, followed by the writing of
the scaled& macroblocks. This requires the data flow to be

paced by the memory control unit responding to requests for
writing.

Since the size of the source compressed image may vary,
there are exceptions to the above process. The decimator is

only regquired if some type.of reduction is needed to form a

~scaled picture. Certain video sources will already be small

in size, and one dimension, or both dimensions may not

require scaling. For example, it is common to have 352 x

240 sized images (typical MPEG-1 size). 1In this case, it

would be unnecessary to do any decimation to provide a 1/4

scaling. For reference frames, the motion compensation unit
is required to write the full-sized wmacroblock to the

reference frame buffer in wemory, and then to the display
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frame buffer in memory, since the display process is only
operating on the display frame buffer during scaling.

For the same image size to be reduced to 1/16 scaling,
there would need to be a decimation step.

Once again, there
is an exception in this case.

One of the objects of the scaling feature is to remove
interlacing artifacts. On true MPEG-1 images, there is no
interlacing since the pictures are exclusively frame
encoded. MPEG-2 can allow interlaced pictures of the same
resolution (352 x 240) and the decimator only uses the top

field picture to create the scaled macroblock. The bottom

field is discarded. Therefore, for a reference picture, the

MCU would be required to write the macroblock for the top
field picture to both the reference frame buffer and display
buffer. For B pictures, the MCU would only need to write
the top field picture into the display frame buffer.

The video decode system in accordance with the present
invention provides smooth tfaﬁsitions when entering and
exiting small picture mode. Since frame buffer 2 is used
for capture and display of small picture images (including
reference and B pictures) when in video scaling mode, care

must be taken to prewvent interference between the decode and
display processes at the time of display format switching.

Also, there is a late:

5]

cy adjustment of one field time that

must take place during ths transition. Normzl display modes

_~have a 1.5 frame latency between decoding and -displaying

reference pictures, and a 0.5 frame latency for B pictures.

'.l.

L=
=

In small picture mode, th2 reference frame latency

o))

nced to
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For the display format chaﬁge to occur seamlessly, the:
display wmust not be in the process of displaying a B picture

when the transition occurs, otherwise the picture will

appear disturbed. Therefore, transition must take place

when a reference picture is being displayed. This is forced
to happen by the microcode during a sequence header, when
the first frame of the new sequence is a reference frame,

and the display is acting on the last frame of a previous
sequence.

During the transition into and out of small picture
mode, the hardware must make the adjustment in latency
without disturbing the decode or display process. Frame
sync must be adjusted to the new mode. Further, field
parity must be maintained. As a result of making the
adjustment into small picture mode, a delay of one frame
time is introduced, which may effect PTS comparison.

Subsequently, a skipped frame may be required in oxder to
make up the time difference.

This only occurs when entering
small picture mode.

When leaving small picture mode, there
is no loss of synchronization. The transition could also

come at a time when a picture is already being skipped or
repeated.

Referring to Fig. 9, the display format change signal

is written asynchronously by the host. The format is
received as a control signal into a display format register
910, and microcode waits until processing the sequence
header before writing the information into display format
register 910. This information is then seen by sync
generator 900, as well as register stages 930, 940 and 960.
Register stage 1 930 captures the information at the next
frame sync. Decode processes use the stage 1 register 930,
and the display processes use the stage 3 register 960.
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Field counter 920 simply counts down from a starting

number of fields in a frame to a value of 1, and then

repeats. Counter 220 is loaded by sync genexrator 900 via a

control signal as shown. 8Sync generator 900 also receives
the VSYNC signal, as well as the output of stage 1 register
930. Sync generator 900 creates three signals, namely, a

*frame sync" signal, a "new picture" signal and a "block

video" signal. The “frame sync" signal indicates to the

decode process when to begin decoding a new frame. The ‘'new
picture" signal indicates to the display process when to
begin displaying a new frame. "Block video" is used to
selectively suppress one frame of video image during °

transition of the video decode system from a normal frame to

a scaled frame. The frame sync and new picture signals are

pulses that are created once every two field times. 1In
normal mode, the signals are 180° out of phase, but in
scaling mode (in accordance with this invention) the signals

are in phase. This is described further below in connection
with the flowchart of Fig. 10,

In all cases involving a switch into scaled picture
mode, there is a repeated frame which is blocked from view
at the display. The block is necessary due to buffer
conflicts between the current reference frame and the
reference frame that is currently being displayed. When

video is blocked, the output of the decoder can be forced to
a background color, such as.black.

The latency adjustment is performed as soon as the
stage 1 register changes. There is an absence of a frame
sync which allows the current display frame to be scheduled

to repeat. The sync generator then adjusts the frame sync

to occur in phase with the new picture, causing the latency
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adjustment. During the repeated referefice frame, the video
is blocked for one frame time.

Fig. 10 is a flowchart of one embodiment of proéessing

Aimplemented by sync generator 900 (Fig. 9).

With initiation 1000, processing waits for a VSYNC
signal 1010 representative of the start of a new field.
Upon receipt of the VSYNC signal, processing generates a
"new picture" sync signal and inquires whether the field is
being repeated based on received MPEG-2 syntax 1030,='The

initial field counter (FC) value depends upon whether the

field is to be repeated. 1If 3:2 pulldown is employed then

the initial value of the field counter is 3 1040, otherwise

normal interlace is desired and the field counter is loaded
with a value of 2.

Once the field counter is set, processing inquires
whether scgling is to be implemented 1050 and 1070,

respectively. If no, then the decode system is in non-

scaling or normal video mode. In this case, processing

waits for a next VSYNC signal 1080 and then inquires whether
the field count equals.two 1090. If no, (e.g., because the.
field counter waé loaded with a value 3), the field counter

is decremented 1110 and processing waits for a next VSYNC

signal 1080. Once the field count equals 2, the “frame

sync" signal is generated 1100, after which the field count
is decremented 1110 and processing determines whether the

field count value now equals 1 1120. If the value equals 1,

processing generates a "new picture" signal 1120 after
waiting for a new VSYNC 1010.

Assuming scaling mode is desired, then processing

proceeds from inguiry 1050 or 1070 to wait for a next VSYNC
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1130, after which determination is made whether the field
count equals 1 1140. If no, the field counter is
decremented and processing returns to wait for a next VSYNC
1130. If the field count value is 1, then a new picture
sync signal is generated 1150. Thereafter, the field
counter is loaded with a value of 2 and the block video
signal is generated 1160. Again, the block video signal is
output from the sync generator to the display output
interface (see Fig. 6) for blocking of a next frame of

video.

-z ¥

After sending the block video signal, processing enters
a steady state, video scaling subprocess beginning by
waiting for a next VSYNC signal 1180, after which processing
determines whether the field count equals 1 11%0. If no,
processing inquires whether the field count equals 2 1240,
and again if no, processing decrements the field counter
1260 and returns to wait for the next VSYNC signal 1180.
Otherwise, a determination is made as to whether the scaling
command has now been turned.off by the host system 1250. If

no, the field counter is decremented and processing waits

for a next VSYNC signal 1180. If the scaling mode has been

switched off, then the field counter is decremented at
instruction 1110 in the non-scaling process described above. .
If the field count equals 1 at inquiry 1190, then

processing generates both the "new picture" signal and the
“frame sync" signal in the same phase. Again, to implement
scaling it is necessary to change the latency between the
decode process and the display process from one and a half
frahe times to two frame times for reference pictures,
making the new picture signal and frame sync signal in
phase. Processing then determines whether the MPEG-2 repeat
field is set 1210 to decide whether to load the field
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counter with a value of 2 1230 or 3 1220 depending upon
‘whether normal interlacing or 3:2 pulldown is desired. This
is necessary even though an adjustment in latency is made in
order to accommodate any type of frame rate conversioﬁ.

After setting the field counter, processing returns to wait
for a next VSYNC signal 1180.

The present invention can be included, for example, in
an article of manufacture (e.g., one or more computer
program products) having, for instance, computer usable
media. This media has embodied therein, for instance,
computer readable program code means for providing aaé
facilitating the capabilities of the present invention. The
articles of manufacture can be included as part of the

computer system or sold separately.

Additionally, at least one program storage device
readable by méchine, tangibly embodying at least one program
of instrug¢tions executable by the machine, to perform the

capabilities of the present-inﬁention, can be provided.

The flow diagrams depicted herein are provided by way
of example. There may be variations to these diagrams or
the steps (or operations) described herein without departing
from the spirit of the invention. For instance, in certain
cases, the steps may be performed in differing order, or
steps may be added, deleted or modified. All of these
variations are considered to comprise part of the present

invention as recited in the appended claims.

While the invention has been described in detail herein
in accordance with certain preferred embodiments thereof,

many modifications and changes therein may be effected by
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those skilled in the art. Accordingly, it is intended by

the appended claims to cover all such modifications and

changes as fall within the true spirit and scope of the
invention:
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Claims

1. A method for forming a multi-screen display for a

non-picture-in-picture television system, said method
comprising:

receiving and decoding a compressed digital video
signal to produce a decompressed digital video Signal;

receiving an uncompressed video signal; and

merging the decompressed digital video sighdl and
uncompressed video signal to produce a single multi-
screen display sigﬁél for said television system,
thereby providing said non-picture-in-picture
television system with the capability to display
multiple pictures simultaneously.

2. The method of claim 1, further comprising
downscaling said decompressed digital video signal prior to
merging thereof with said uﬁcompressed video signal, said
downscaled decompressed digital video signal comprising at
least one screen of said multi-screen display.

3. The method of claim 2, whereiﬁ said uncompressed

video signal comprises an uncompressed analog video signal.

4. The method of claim 1, wherein said merging
comprises switching between said decompressed digital video
signal and said uncompressed analog video signal to create
at least some video frames for display by said television

system, said switching creating said multi-screen display.

-

| L
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5. The method of claim 1, further comprising blending

on-screen display (OSD) grébhics with at least one of said
decompressed digital video signal, said uncompressed video
signal, and said multi-screen display comprising said

decompressed digital video signal and said uncompressed
video signal.

6. The method of claim 1, further comprising
implementing said method within at least one of a digital
video set-top box (STB) or a digital wvideo disc player.

7. The method of claim 1, wherein said compressed
digital video signal is received from a first video source,

and said uncompressed video signal is received from a second
video source. '

(VNI AV
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. 8. A method for processing an analog video signal
comprising: '

digitizing the analog video signal for input to a
digital video processing system; and

blending within the digital video processing
system the digitized video signal with on-screen

display (0SD) graphics.
9. The method of claim 8, wherein said digitizing is
performed within a digital multi-standard decoder, and

wherein said digital video processing system comprises an
integrated'digital video decode system.

10. The method of claim 9, further comprising
formatting said blended digitized video signal and OSD
graphics for display by an analog television system.

11. .The method of claim 8, further comprising
implementing said method within at least one of a digital
video set-top box (STB) or a digital video disc player, and
formatting said blended digitized video signal and 0SD

graphics for display by an analog television system.

R

AR
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A system for forming a multi-screen display for a
_non-picture-in-picture television system, said system
comprising:

12.

a video decoder for decoding a compressed digital
video signal from a first video source and producing
therefrom a decompressed digital video signal;

an input for receiving into said video decoder an
uncompressed video signal from a second video source;
and

3

said video decoder being adapted to merge said
decompressed digital video signal and said uncompressed
video signal to produce a multi-screen display signal
for said television system, thereby providing said non-
picture-in-picture television.system with the

capability to display multiple pictures simultaneously.

13. .[The system of claim 12, wherein said video decoder
is further adapted to downséaié said decompressed digital
video signal prior to merging thereof with said uncompressed
video signal, said downscaled decompressed digital signal
comprising at least one screen of said multi-screen display.

14. The system of claim 13, wherein said uncompressed
video signal comprises an uncompressed analog video signal,
and wherein said system further comprises a digital multi-
standard decoder for digitizing said uncompressed analog

video signal prior to input thereof to said video decoder.

I

AR



42
15. The system of claim 12, wherein said video decoder

is further adapted to switch between said deéompressed
digital video signal and said uncompressed analog video
signal to create at least some video frames for display by
said television system in picture-in-picture format.

16. The system of claim 12, wherein said video decoder
is further adapted to blend on-screen display (0SD) graphics

with said multi-screen display signal prior to presentation
to said television system.

17. The system of claim 12, wherein said system®
comprises one of a digital video set-top box (STB) or a
digital video disc (DVD) player.

A
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A system for forming a multi-screen display for a
non-picture-in-picture television system, said system
comprisging:

i8.

means for receiving and decoding a compressed

digital video signal to produce a decompressed digital
video signal;

means for receiving an uncompressed video signal;
and

means for merging the decompressed digital.video
signal and uncompressed video signal to produce a
single multi-screen display signal for said television
system, thereby providing said non-picture-in-picture
television system with the capability to display
multiple pictures simultaneously.

—
gy
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19. A system for processing an analog video signal
comprising:

a digital video processing system;

- a digital wmulti-standard decoder for digitizing

the analog video sidgnal for input to said digital video
processing system; and

said digital video processing system being adapted
to blend the digitized video signal with on-screen

display (0SD) graphics for output as a blended: video
signal.

20. The system of claim 19, wherein said digital wvideo
processing system comprises a video decoder, said video

decoder being adapted to perform said blending of said
digitized video signal with said OSD graphics.

21.-,The system of claim 20, wherein said system

comprises at least one of a digital video set-top box (STB)
or a digital video disc (DVD) player.

22. The syétem of claim 19, wherein said digital video

processing system is adapted to format said blended

digitized video signal and 0SD graphics for display by an
analog television system.

L
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23. A system for processing an analog video signal
comprising:

means for digitizing the analog video sigrnal for
input to a digital video processing system; and

means for blending within the digital video
processing system the digitized video signal with on-
screen display (OSD) graphics.

I

L
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24. BAn article of manufacture comprising:

a computer program product comprising computer
usable medium having computer readable p}ogram code
means therein for forming a multi-screen display for a
non-picture—in-picpﬁre television system, said computer
readable program code’means in said computer program
product comprising:

computer readable program code means for
causing a computer to effect decoding a compressed

digital video signal to produce a decompressed
‘digital video signal;

computer readable program code means for
causing a computer to effect receiving an
- uncompressed video signal; and

computer readable program code means for
.tausing a computer to effect merging the
decompressed digiﬁal'video signal and uncompressed
video signal to produce a multi-screen display
signal for said television system, thereby
providing said non-picture-in-picture television
system with the capability to display multiple
pictures simultaneously.

* € L M § %
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25. BAn article of manufacture comprising:

a computer program product comprising computer
usable medium having computer readable program code
means therein for processing an analog video signal,
said computer readable program code means in said
computér program product comprising:

computer readable program code means for

causing a computer to effect digitizing the analog
video signal; and

T
computer readable program code means for

causing a computer to effect blending the

digitized video signal with on-screen display

(0SD) graphics for presentation to a television
system.
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