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(7) ABSTRACT

Respective encoders provide a first and second encoded
MPEG-2 data streams for a first and second program respec-
tively. Each stream includes at least video and audio com-
ponents. The encoder provides seamless video splice-in and
splice-out points. A play-to-air splicer is commanded to
switch the broadcast output from the first input stream to the
second input streams. The splicer identifies approximately
aligned seamless video splice-in and seamless video splice-
out points in the respective first and second video streams.
The splicer splices the second video stream to the first video
stream, but continues to broadcast the first audio stream. The
splicer identifies corresponding audio splice-in and splice-
out points. The splicer splices the second audio component
to the first audio component. The splicer adjusts the decode
and presentation times in the second stream after the respec-
tive slice-in to be consistent with such times in the first
program. A decoder converts the compressed video and
audio components output from the splicer into uncom-
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SEAMLESS SPLICING OF MPEG-2 MULTIMEDIA
DATA STREAMS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of provisional
application No. 60/039,528 filed Mar. 3, 1997.

FIELD OF THE INVENTION

[0002] The invention is related to the field of digital
multimedia transmissions and especially to MPEG-2 bit
streams.

BACKGROUND

[0003] One of the most common operations in TV is
switching from one program to another. At the studio,
cameras and microphones are switched and mixed to form a
program. At the broadcaster (whether broadcast by cable or
airwaves), programs are regularly switched to commercials
and to other programs. Finally, the viewer is given a choice
of several program channels and often switches between the
channels, especially between programs.

[0004] Currently the switching of analog signals at the
studio and at the broadcaster, occurs during vertical inter-
vals. In order to form a picture on a TV screen, first the odd
lines of the picture are drawn by an electron gun, from the
upper left, across each line, to the lower right side. Then
during a vertical interval, the aim of the electron gun is
moved from the lower right back to the upper left corner.
Then, in a similar manor the electron gun draws the even
lines of the picture interlaced with the odd lines. An inde-
pendent unit of video such as all the even lines (or all the odd
lines) is usually referred to as a “frame”.

[0005] Currently, play-to-air (PTA) switchers are used to
switch analog TV signals. Such switchers include synchro-
nizing circuits, so that when a switch command is received,
the PTA switcher waits until the next vertical interval
between and then switches. When the program is switched
during the vertical interval, there are no resulting flickers or
flashes or other anomalies in the picture display during
switching. This is known as seamless switching.

[0006] In a typical implementation of a PTA switcher,
there are two output channels: a program channel and a
preview channel. The program channel carries the material
that is being broadcast (“aired”), whereas the preview chan-
nel is used for viewing only within the studio and it usually
carries the program to be switched to next (i.e., the next
program to be aired and transmitted over the program
channel). The focus herein is on the output stream carried
over the program channel since this is the stream that is
received by the viewers and has to be displayed seamlessly.
Therefore, and unless specified differently, output stream
refers to the stream output over the program channel.

[0007] Many broadcasters are considering adding digital
channels to their broadcasts. In the world, colors, brightness,
sounds have practically infinite variations. (i.e. they are
analog) For digital broadcasting, analog scenes and sounds,
usually must be converted into digital representations in a
process known as digitalizing or analog-to-digital (A/D)
conversion. Due to the high bandwidth required for uncom-
pressed digital video signals, it is expected that the video
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signals will require compression even in the production
studio. For example, a single channel of uncompressed
standard definition, digital video requires transmission of
about 250 Mbs (million bits per second) of information
(high definition video requires 1.5 Gbs). In digital video,
pictures may not be interlaced and the term “video frame” is
used to refer to a complete picture.

[0008] The digital compression/decompression system
can be conceived as: multiple encoders, each of which
convert an uncompressed digital signal stream to a com-
pressed stream; a switcher or splicer which switches
between the input stream from each encoder to an output
stream; and a decoder which decompresses the output
stream from the splicer.

[0009] The standard for handling digital multimedia data
is known as MPEG-2. In MPEG-2, the digital representa-
tions of elements (e.g. video, 2-4 audio channels, captions)
of a program are compressed (encoded) in a lossy manner
(i.e. some information is lost) and the encoded information
is transmitted as a continuous stream of bits. At the end of
transport, the encoded information is decompressed
(decoded) to approximately reproduce the original digitali-
zation of the elements, and the decoded elements are dis-
played to the viewer.

[0010] MPEG-2 streams are organized hierarchically.
First, the digital representations for each element are
encoded (compressed) into a bitstream known as an elemen-
tary stream (ES). Then headers are inserted into each ES to
form a packetized elementary stream (PES). The header of
each PES contain a decode timestamp (DTS) which specifies
when the decoding of the following ES is to be completed,
and a presentation timestamp (PTS) which specifies when
the decoded information for the following ES is to be
presented. For example, a PES header will be inserted before
each picture of a video elementary stream and before each
frame of an audio elementary stream. Each PES stream is
encapsulated (packaged) into a series of transport packets
each of which are 188 bytes long and include a header and
payload such as the bits of a PES stream. A typical PES
stream such as a picture, requires a large number of packets.
The header of each packet includes flags, a countdown field,
and a 13 bit packet identifier (PID) field which identifies the
portion of the PES that the packet is for. For example, all the
packets for an MPEG group of pictures may have the same
PID. All the packets with the same PID are called a PID
stream.

[0011] There are several auxiliary PID streams for each
program, one of the streams is the program clock reference
(PCR) which contains samples of a 27 MHz clock used by
the video and audio encoders and decoders. The PID that
carries the PCR is called the PCR_PID. Another auxiliary
PID stream for each program, contains a program map table
(PMT) which lists all the PID’s which belong to the program
and defines which PID streams contain which elements
(video, audio channels, captions, PCR_PID). All the PID
streams for a program are multiplexed together (the packets
are intermixed, but bits of different packets are not inter-
mixed) so that, for example, the packets for pictures and the
packets for audio frames are mixed together.

[0012] An MPEG-2 bit stream may include multiple pro-
grams. For example, the stream in a cable TV system may
include hundreds of programs. The packets for different
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programs are also multiplexed together so that the decoder
has to select the packets of a program in order to decode a
particular program. Thus, another auxiliary PID stream is
provided containing a program association table (PAT)
which lists the PID streams containing the PMT’s for each
of the programs. The packets of the PAT stream are all
identified by a PID=0.

[0013] The packets for each program in a multi-program
stream may be referred to as a stream or sub-stream.
Similarly, the packets for each element or component of a
program may be referred to as a stream or substream. Those
skilled in the art are accustomed to this terminology.

[0014] FIG. 1 schematically illustrates a stream of packets
with a packet identifier in the header and video, audio, PCR
or PMT data in the payloads. Each packet is actually a
continuous stream of bits representing one formatted block
as shown. The packets containing data for a first video
picture V1 are mixed with packets containing data for a first
audio frame Al and packets containing data for a second
audio frame A2 as well as with packets containing PCR
times and packets containing PMT information. Note that
packets for different video frames in the same program are
not mixed and packets for different audio frames in the same
program are not mixed. However, for multi-program
streams, the packets for a picture of one program would be
mixed with packets for pictures of another program. Also,
note that the bits of different packets are not mixed, that is,
the stream transmits all the bits for one packet sequentially
together then all the bits for the next packet sequentially
together.

[0015] FIG. 2 schematically illustrates the same streams
as FIG. 1 in a different way, by showing a separate bar for
each component (element) of the program with vertical lines
between PES streams for each picture or audio frame. The
separate packets are not shown. In FIG. 2, the intermixing
of packets for audio frames 1 and 2 with video picture 1 is
illustrated by overlapping the PES stream for picture 1 with
the PES streams for audio frames 1 and 2.

[0016] In the MPEG-2 standard, switching between pro-
grams is referred to as splicing, and points where splicing
may take place without causing anomalies are referred to as
seamless splice points. In MPEG-2, a new program is
spliced onto an old program in the output stream when you
switch from an old program to a new program. In the header
of the packet in the same PES stream most immediately
before a splice point, the MPEG-2 standard specifies that the
splice point may be indicated, by setting the splicing_point-
_flag=1, setting the splice_coutdown=0, and if the splice is
a seamless splice point, that may also be indicated by setting
the seamless_splice_flag=1.

[0017] InMPEG-2 video compression, each picture is first
compressed in a manner similar to JPEG (quadrature cosine
intraframe compression), and then sequentially presented
pictures are compressed together (quadrature cosine inter-
frame compression). Essentially in interframe compression,
only the differences between a picture and pictures it
depends on are included in the compressed frame. The
decoding of a picture may depend on the decoding of
previously viewed pictures and in some cases on the decod-
ing of subsequently viewed pictures. In order to minimize
decoding problems, especially errors that may be propagate
from an erroneous decoding of one picture to cause the
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erroneous decoding of dependent pictures, only a relatively
small group of pictures (GOP) are compressed together (e.g.
9 pictures). The pictures of each GOP are encoded together
independently from the pictures of any other GOPs and can
thus be independently decoded and errors can not propagate
from group to group. The first picture in a GOP (in order of
presentation) is known as an I-frame and it is essentially just
a JPEG encoded (independently compressed) picture and its
decoding can be preformed independently (i.e. its decoding
does not depend on any other picture). Some of the subse-
quent pictures in the group may be so called P-frames
(prediction encoded frames) and their decoding depends on
the previous [-frame and any previous P-frames in the GOP.
That is, each P-frame only contains the differences between
that picture and the previously decoded I or P-frame and the
differences are compressed. Typically in broadcast streams,
most of the pictures in a GOP are so called B-frames
(bidirectionally encoded frames) and their decoding depends
on both the immediately preceding I or P-frame and the
immediately succeeding I or P-frame (in order of presenta-
tion). B-frames are typically, much smaller than P-frames
which are typically, much smaller than I-frames. The size of
particular encoded frames in MPEG-2 varies depending on
the complexity of the picture and on the amount of differ-
ence between the picture and the picture or pictures on
which its decoding depends.

[0018] A typical scheme proposed for broadcasting
MPEG-2 is a group of 9 pictures presented sequentially on
a display in the following order:

I, B, B, P, Bs Bs P, B Bo

[0019] The decoding of P, depends on I, and the decoding
of P, depends on the decoding of P, (which depends on the
decoding of I,). The decoding of B, and B; depends on the
decoding of I, and P,. The decoding of B and B, depends
on the decoding of P, and P,. The decoding of the last two
B-frames (Bg and B,) depends on the decoding of P, and on
the immediately following I-frame (I,) in the following
GOP (not shown).

[0020] In the data stream the encoded pictures are not
transmitted or stored in presentation order. They are pro-
vided in the order that they are required for decoding. That
is, the B-frames follow the I and P-frames on which they are
dependent. The pictures in this typical scheme are provided
in stream order, as follows:

Il B 2 B 1 P4 B2 B3 P7 BS B6 IlD B8 BQ

[0021] Note that in stream order B-, and B-; of the
preceding GOP and I, of the succeeding GOP are mixed
with the pictures of this typical GOP.

[0022] MPEG-2 defines a video buffer model for a
decoder called the video buffering verifier (VBV). The VBV
is a bitstream constraint, not a decoder specification. The
actual decoder buffer will be designed so that any bitstream
that does not overflow or underflow the VBV model, will not
overflow or underflow the actual decoder buffer. The VBV
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model is a first-in-first-out (FIFO) buffer in which bits
simultaneously exit the buffer in chunks of one picture at a
time at regular intervals (e.g. every 33 milliseconds(ms)).
The rate at which pictures exit the buffer is called the decode
time and it is the same as the frame rate.

[0023] When a decoder resets and starts to decode a new
stream, the VBV buffer is initially empty. The VBV buffer
is filled at a rate specified in the bit stream for either: a
predetermined period of time for constant bit rate (CBR)
mode; or until filled to a predetermined level for variable bit
rate (VBR) mode. The time required to partially fill the VBV
buffer prior to operation is called the startup delay. The
startup delay must be carefully adhered to in order to prevent
overflow or underflow of the VBV buffer during subsequent
decoder operation.

[0024] When a bit stream terminates, the buffer continues
to deliver pictures to the decoder until the buffer is emptied.
The time required to empty the buffer after the stream ends
is called the ending delay.

[0025] Those skilled in the art are directed to the following
publications: (1) Table 3 “Compression Format Constraints”
of Annex A of Doc. A/53, ATSC Digital Television Standard;
(2) ISO/IEC 13818-1, “Generic Coding of Moving Pictures
and Associated Audio: Systems”; (3) Section 5.13 titled
“Concatenated Sequences” in Doc. A/54, “Guide to the use
of the ATSC Digital Television Standard”, 4 Oct. 1995; (4)
ISO/IEC 11172-3 International Standard, “Information
Technology-Coding of Moving Pictures and Associated
Audio for Digital Storage Media at up to about 1.5 Mbit/
s—Part 3: Audio, First edition”, 1993 Aug. 1; (5) ISO/IEC
13818-3 “Draft International Standard, Information Tech-
nology—Generic Coding of Moving Pictures and Associ-
ated Audio: Audio,” ISO/IEC JTC1/SC29/WG11 N0703,
May 10, 1994; (6) Proposed SMPTE Standard PT 20.02/10
“Splice Points for MPEG-2 Transport Streams,” Second
Draft, July 1997.

SUMMARY OF THE INVENTION

[0026] 1t is an object of the invention to provide methods
and apparatus for carrying out seamless video splicing and
to avoid disturbing audio anomalies due to the related audio
splicing of MPEG-2 bit streams that include video and audio
components.

[0027] In the method of the invention for splicing
MPEG-2 multimedia programs, in the same or different
multimedia data streams, a first and second programs are
provided. Each program includes a first media component of
the same first media (e.g. video) and a second media
component of the same second media (e.g. an audio channel)
which is a different media than the first media. Each media
component of each program has a multitude of splice-in
points with respective begin-presentation times for respec-
tive first portions presented after the splice-in. Each media
component also has a multitude of splice-out points with
respective end-presentation times for a last portion presented
before the splice-out. Such times (associated with splice-in
and splice-out points) are relative to the starting time of the
program. A command is received to splice the second
program to the first program. Then the splicer selects a
seamless splice-in point for the first component in the
second program in the stream and selects a seamless splice-
out point for the first component in the first program in the
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stream. The position of the slice-out point in the stream or
streams in the splicer are approximately aligned with the
position in the stream of the splice-in point of the first
component of the second program. Then the splicer cuts the
first component of the first program out at the selected
splice-out point for the first component, and splices in the
first component of the second program at the selected
splice-in point for the first component. Then the presentation
times in the second program are changed so that the first
presented portion of the first component of the second
program has a begin-presentation time which is the same as
the end-presentation time of the last presented component of
the first program. Then the splicer selects a splice-in point in
the stream for the second component in the second program
at which (treating the presentation times in the two programs
as consistent) the begin-presentation time of the earliest
presented portion of the second component of the second
program (after the splice-in point for the second component
in the stream) is equal or after the end-presentation time of
the latest presented portion of the first component (before
the splice-out point of the first component of the first
program in the stream). The splicer also selects a splice-out
point in the stream for the second component of the first
program, at which the end-presentation time of the latest
presented portion of the second component of the first
program (before the splice-out point for the second compo-
nent in the stream) is equal to or before both: the begin-
presentation time of the earliest presented portion of the first
component (after the splice-in point of the first component
in the stream); and the begin-presentation time of the earliest
presented portion of the second component in the second
program (after the splice-in point of the second component
in the stream). The splicer then splices the second compo-
nent of the first program out at the selected splice-out point
of the second component and splices the second component
of the second program in at the selected splice-in point of the
second component.

[0028] 1In one specific embodiment of the method of the
invention, the begin-presentation time for the earliest pre-
sented portion of the second component of the second
program (after the selected splice-in point for the second
component in the stream) is equal to or after the begin-
presentation time for the earliest presented portion of the
first component of the second program (after the selected
splice-in point of the first component in the stream). Also,
the end-presentation time for the latest presented portion of
the second component of the first program is equal to or
before the begin-presentation time for the earliest presented
portion of the second program (following the selected
splice-in point for the second component in the stream).

[0029] In another specific embodiment of the method of
the invention, the end-presentation time for the latest pre-
sented portion of the second component of the first program
(before the splice-out point for the second component in the
stream) is equal to or before the begin-presentation time for
the earliest presented portion of the first component of the
second program (after the selected splice-in point for the
first component in the stream). Also, the begin-presentation
time for the earliest presented portion of the second com-
ponent of the second program (after the splice-in point for
the second component in the stream) is equal to or later than
the end-presentation time for the earliest presented portion
of the second component in the first program (before the
splice-out point for the second component in the stream).
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[0030] In another specific embodiment of the method of
the invention, the number of audio frames that must be
skipped to prevent overflowing an audio decoding buffer is
determined. Then a splice-out point for the second compo-
nent in the first program that is previous to the splice-in point
of the second component in the second program is selected
depending on the determination in order to prevent over-
flowing the audio decoder buffer.

[0031] Inthe MPEG-2 data stream of the invention a first
section of the stream consists essentially of a first media
component of a first program and a second media compo-
nent of the first program. A second section of the stream
consists essentially of first media component of a second
program and a second media component of the second
program. A third section of the stream between the first
section and the second section, consists essentially of the
first media component of the second program and the second
media component of the first program.

[0032] A multimedia encoder of the invention includes a
processing unit; a memory communicating with the process-
ing unit; one or more buffers in the memory; one or more
network inputs communicating with the buffers in the
memory, for receiving uncompressed programs; and at least
one network output communicating with the buffers in the
memory, for transmitting a data stream of one or more
compressed programs from the encoder. The encoder also
includes apparatus for receiving the uncompressed programs
from the inputs into the buffers; apparatus for compressing
the uncompressed portions of the programs in the buffers
into compressed portions of the programs in the buffers; and
apparatus for transmitting the compressed programs from
the buffers onto the network output. The encoder also
includes video splice-out providing apparatus for providing
a multitude of seamless splice-out points in at least one of
the compressed programs; and video splice-in providing
apparatus for providing a multitude of seamless splice-in
points in at least another one of the compressed programs.
The encoder also has apparatus to prevent audio anomalies
due to splicing the compressed programs.

[0033] A multimedia data stream splicer of the invention
includes: a processing unit; a memory communicating with
the processing unit; one or more buffers in the memory; one
or more network inputs communicating with the buffers in
the memory, for one or more input data streams including at
least a first and second programs. Each program includes a
first media component of the same first media (e.g. video)
and a second media component of the same second media
(e.g. audio) which is different than the first media. Each
media component of each program has a multitude of
splice-in points, each associated with a portion of the
component having an earliest begin-presentation time after
the splice-in; and a multitude of splice-out points, each
associated with a portion of the component having the latest
end-presentation time before the splice-out. The splicer
further includes at least one network output for an output
data stream with one or more programs, communicating
with the buffers in the memory. The splicer also includes
apparatus (programed computer memory) for receiving the
programs from the input data streams into the buffers;
apparatus for transmitting the programs from the buffers
onto the network output as a data stream; and apparatus for
receiving a splice command to splice the second program to
the first program. The splicer also includes apparatus for

Nov. 4, 2004

selecting a splice-in point of the first component in the
second program depending on the splice command; appa-
ratus for selecting a splice-out point of the first component
in the first program, at an equal or previous time with respect
to the splice-in point of the first component in the second
program; and apparatus for splicing the first component of
the first program out at the selected splice-out point of the
first component and splicing the first component of the
second program in at the selected splice-in point of the first
component. The splicer includes apparatus for changing the
presentation times in the second program so that the first
presented portion of the second program has a begin-
presentation time which is the same as the end-presentation
time of the last presented portion of the first program. The
splicer also includes apparatus for selecting a splice-in point
for the second component in the second program, at which
the begin-presentation time of the earliest presented portion
of the second component of the second program, is equal to
or after the end-presentation time of the latest presented
portion of the first component of the first program before the
splice-out point for the first component. The splicer also
includes apparatus for selecting a splice-out point for the
second component in the first program, at which the end-
presentation time for the latest presented portion of the
second component in the first program before the splice-out
point for the second component in the stream is equal to or
before both: the begin-presentation time for the earliest
presented portion of the first component of the second
program after the splice-in point of the first component, in
the stream; and the begin-presentation time for the earliest
presented portion of the second component of the second
program after the splice-in point in the stream of the second
component. The splicer also includes apparatus for splicing
the second component of the first program out at the selected
splice-out point of the second component and splicing the
second component of the second program in at the selected
splice-in point of the second component.

[0034] A sclective decoder of the invention includes a
processing unit; memory communicating with the process-
ing unit, including buffers in the memory; one or more
network inputs communicating with the buffers in the
memory, for one or more input data streams including at
least a first and a second programs. Each data stream
includes a first media component of the same first media and
a second media component of the same second media which
is different than the first media. Each media component of
each program has a multitude of splice-in points and splice-
out points associated with at least a relative begin-presen-
tation time. The decoder further includes at least one output
communicating with the memory, for transmitting uncom-
pressed data of one or more programs from the memory. The
decoder also includes apparatus for selecting fewer than all
the programs available in the multimedia data stream; appa-
ratus for receiving a selection of fewer than all the programs
from the network input, including the first or the second
program. The decoder includes apparatus for receiving por-
tions of compressed programs from the input data streams
into the decoder; apparatus for decoding portions of com-
pressed data into uncompressed data; and apparatus for
transmitting the uncompressed portions of programs from
the decoder onto the output as an uncompressed digital data
stream. The selective decoder also includes apparatus for
receiving a change channel command to splice the second
program to the first program; apparatus for selecting a
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splice-in point of the first component in the second program
depending on the change channel command; apparatus for
selecting a splice-out point of the first component in the first
program, at an equal or previous begin-presentation time
with respect to the splice-in point of the first component in
the second program; and apparatus for splicing the first
component of the first program out at the selected splice-out
point of the first component and splicing the first component
of the second program in at the selected splice-in point of the
first component. The decoder also includes apparatus for
selecting a splice-in point for the second component in the
second program, at which the begin-presentation time of the
carliest presented portion of the second component of the
second program, is equal to or after the end-presentation
time of the latest presented portion of the first component of
the first program before the splice-out point for the first
component. The decoder includes apparatus for selecting a
splice-out point for the second component in the first pro-
gram, at which both: the end-presentation time for the latest
presented portion of the second component in the first
program (before the splice-out point for the second compo-
nent in the stream) is equal to or before both: the begin-
presentation time for the earliest presented portion of the
first component of the second program (after the splice-in
point of the first component in the stream); and the begin-
presentation time for the earliest presented portion of the
second component of the second program (after the splice-in
point of the second component in the stream). Finally, the
decoder includes apparatus for splicing the second compo-
nent of the first program out at the selected splice-out of the
second component and splicing the second component of the
second program in at the selected splice-in point of the
second component.

[0035] Other alternatives and advantages of applicant’s
inventions will be disclosed or become obvious to those
skilled in the art by studying the detailed description below
with reference to the following drawings which illustrate the
elements of the appended claims of the inventions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 shows an MPEG-2 stream of packets with
the video, audio, and auxiliary packets intermixed.

[0037] FIG. 2 shows the stream of FIG. 1 with the
elements separated to show the overlapping of video pic-
tures and audio frames.

[0038] FIG. 3 schematically illustrates the inputs and
broadcast output of a digital play-to-air switcher according
to the invention.

[0039] FIGS. 4 and 5 schematically illustrate examples of
audio splicing in which audio frames are dropped in accor-
dance with the invention.

[0040] FIG. 6 schematically illustrates the classification
of video seamless splicing constraints with respect to splice
points.

[0041] FIG. 7 is a flow diagram of the method of the
invention.

[0042] FIG. 8 is a block diagram of the overall multimedia
delivery system of the invention.

[0043] FIG. 9 is a block diagram of the encoder of the
invention.
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[0044] FIG. 10 is a block diagram of the splicer of the
invention.

[0045] FIG. 11 is a block diagram of the decoder/splicer
of the invention.

[0046] FIG. 12 is a block diagram of apparatus used to
program a computer system to implement the apparatus of
the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0047] The splicing operation of a PTA switcher must
generate an MPEG-2 transport stream that can be decoded,
seamlessly, by an MPEG-2 compliant decoder. Seamless
switching, or seamless splicing, here means the following:

[0048] 1. The system target decoder (STD) and video
buffer verifier (VBV) buffer models of the decoder must not
overflow or underflow before and/or after splicing.

[0049] 2. Assuming program clock reference (PCR) con-
tinuity, the decoding time of the first video access unit (e.g.
picture) after splicing must take place at exactly the same
decoding time (time relative to PCR, to start decoding) of an
access unit of the old stream as if splicing did not occur. In
other words, if DTS_first_ AU, _ . is the decoding time of the
first video frame of the new stream (after the splice point),
and DTS _last_AU,,, is the decoding time of the last video
frame of the old stream (prior to the splice point), then
seamless splicing is achieved if:

[0050] DTS first AU, =DTS_last-AU_,+
Display_Period_last_AU_ 4

[0051] where Display_Period_last AU_,, is the time
needed to display the last video access unit (i.e. picture) of
the old video stream (prior to splicing).

[0052] The above definition of seamless splicing does not
exclude the case when the frame rates of the old and new
streams are different. MPEG-2 specifies that if the frame rate
changes, then a sequence_end code must be inserted
between the two streams. MPEG-2 does not specify how a
decoder should operate when two sequences with different
frame rates are present in the receiver buffer of the decoder.
However, the ATSC standard specifies that decoders must be
able to handle sequence_end_codes seamlessly.

[0053] A digital PTA switcher’s input and output streams
will be described. In general, a digital PTA switcher must
perform splicing among different programs or elementary
streams which belong to one or more transport steams. FIG.
3 shows an example of the input and output MPEG-2
streams of a PTA switcher in a digital studio environment.

[0054] FIG. 3 shows an example of a PTA switcher’s
input streams and output broadcast stream. Each of the input
streams is illustrated with a single program having a set of
video and audio splice points. A splice point is defined as the
end of a transport stream packet in which (a) the MPEG-2
flag splicing_point_flag is set, and (b) the MPEG-2 field
splice_countdown has a value of zero. It is important to note
that the splice points indicate places in the streams where a
device, such as the PTA switcher, is allowed to switch from
one stream to another. In other words, splice points are not
switching commands, but indications of where splicing may
occur. However, once a command to splice is received, the
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existence of a splice point or a seamless splice point with
any or with certain splicing parameter values, will trigger a
switching operation.

[0055] To achieve video seamless splicing (as defined
above), a switching device must switch from the old stream
at a seamless splice (SS) point and switch into the new
stream at a seamless splice-in (SSI) point. An SS point is a
splice point in a stream that meets certain constraints, which
are described below. Sometimes SS points are referred to
herein as seamless splice-out (SSO) points because all SS
points may be used for SSO points. In addition to adhering
to all of the constraints of a SS point, an SSI point must meet
further constraints (explained below). Hereinafter, splice-out
and splice-in will be used to refer to seamless splice-out and
seamless splice-in points.

[0056] Audio splice points are aligned with the beginning
and ends of audio frames. In typical audio compression
algorithms (e.g. MPEG audio and Dolby AC-3), each audio
frame is a self-contained decodable entity. Thus, no further
constraints are needed on the audio elementary stream
around splice points.

[0057] The related audio splice points (in both input
streams) occur after the corresponding video splice points in
stream order. The audio material is expected to always
follow the corresponding video material in MPEG-2 trans-
port streams since the video buffer (and therefore the video
decoding delay) is much larger than the audio buffer at the
receiver. The amount of data for each picture varies widely
as does the time required to decode the pictures. Therefore,
and in order to approximately equalize the decoding and
display delays between audio and video at the receiver, the
audio data is delayed in the stream relative to the video data.
Hence, in the invention herein, the switching operation is
triggered by a combination of: a switch command (either
scheduled in advance or issued in real time), which indicates
the time at which switching from one program to another
must occur (or indicates switching at the next splice-in
point) and the arrival of video splice points in both streams
around the desired switching time.

[0058] After switching from the video of the old stream to
the video of the new stream, the PTA switcher will still be
outputting audio from the old stream until the corresponding
(and/or desired) audio splice point is reached. Therefore, for
a short period of time (on the order of tens to hundreds of
milliseconds), the output stream will contain video from the
new stream and audio from the old stream. In order to:
preserve the relative presentation times between the audio
and video frames; achieve seamless splicing of video; and
for aesthetic reasons, it might be necessary to drop one or
more audio frames from the old and/or new stream.
Examples of this are illustrated in FIGS. 4 and 5. Therefore,
a parameter provided in the splicing command indicates
which audio frame is to be dropped.

[0059] FIG. 4 shows an example of audio splicing with
video pictures and audio frames in presentation order. The
combination of: (a.) seamless splicing of video; and (b.)
preserving the relative presentation times of audio and video
frames prior to and after a splice point, forces, in general, the
creation of a silent period around the desired splice point. In
this example, the silent period is created due to the dropping
of audio frames A, ,, (from the main stream) and A, ., (from
the inserted stream).
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[0060] FIG. 5 shows another example of audio splicing
with video pictures and audio frames in presentation order.
In this case, the silent period is created due to the dropping
of audio frame A, only.

[0061] The dropping of audio frames can also be achieved
through appropriate marking of audio splice points (using
MPEG-2 splice flags and fields) which correspond to the
desired video splice points. In this case, a switching device
(splicer) would switch from an audio splice-out point in the
old stream to an audio splice-in point in the new stream.

[0062] Marking a splice point for an audio stream which
is part of a program multiplexed in an MPEG-2 transport
stream, can be done in several ways. It is important, how-
ever, that the marking of audio splice points must prevent
any overlap in audio presentation times from the old and
new streams (see FIGS. 4 and 5). One way of guaranteeing
that there is no overlap is to flag the audio splice points as
follows:

[0063] For an audio splice-out point which corresponds to
a video splice-out point: the audio splice-out point should be
the end of a TS (time stamp) packet, Last_Audio_TSP,
whose last PBS payload byte is the last byte of an audio
frame with a PTS value, PTS_Last_Audio. PTS_Last_Au-
dio must satisfy the following relations:

[0064] {PTS_First_Video-(N,, *Audio_Frame_
Period,;q) } £PTS_Last_Audio=PTS_First_Video-
Audio_Frame_Period,,.

[0065] Where N, is a positive integer larger than one
depending on the audio frames to be dropped, Audio_F-
rame_Period_,, is the presentation period of an audio frame
from the old stream, and PTS_First_Video is the PTS value
of the first video access unit after the (corresponding) video
splice-out point. The Last_Audio_TSP packet must have the
splicing_point_flag set to “1” and splice_countdown field
set to “07.

[0066] For an audio splice-in point which corresponds to
a video splice-in point, the audio splice-in point shall be at
the beginning of a TS packet, First_Audio_TSP, whose first
PES-payload byte is the first byte of an audio frame with a
PTS value, PTS_First_Audio. PTS_First_Audio must sat-
isfy the following relations:

[0067] {PTS_First_Video+(N
Period__)

[0068] Where N, is a positive integer, Audio_Frame_P-
eriod ., is the presentation period of an audio frame from
the new stream, and PTS_First_Video is the PTS value of
the first video access unit of the corresponding video splice-
in point. The First-Audio_TSP packet must have the splicing
point flag set to “1” and splice countdown set to “~1”. In
addition, the audio packet (if any) which precedes the
First_Audio_TSP packet in the audio ES must have the
splicing_point_flag set to “1” and splice-countdown set to
“0”.

[0069] 1t is important to note, that while the above con-
straints on audio splice-out and splice-in points prevent any
overlap in audio presentation times, these constraints pro-
vide the flexibility of dropping one or more audio frames
before and/or after a desired splice program point by con-
trolling the values of N4 and N__ ... The above relations also
enable “seamless” audio splicing in the case when the audio

new Audio_Frame_
}ZPTS_First_AudioZPTS_First_Video.
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frames can be presented without any gaps. Seamless audio
splicing occurs when the following two equations are sat-
isfied:

[0070] PTS_Last
dio_Frame_Period,,.

[0071] PTS_First_Audio=PTS_First_Video.

Audio=PTS_First_Video-Au-

[0072] However, to ensure that an audio gap is created
between the two streams, which may be artistically desir-
able, then these equations must be modified by one of the
three following alternatives:

[0073] 1. To create a gap due to dropping of audio
frames(s) from the old stream only, then the following
relations must be satisfied:

[0074] {PTS_First_Video—(N_,*Audio_Frame
Period, )} SPTS_Last_Audio<(PTS_First_Video-
Audio_Frame_Period,4).

[0075] (PTS_First_Video+Audio_Frame_
Period,,..)>PTS_First_Audio=PTS_First_Video.

new)

[0076] In this case, any dropping of audio material from
the new stream will occur only if that material is part of an
audio frame with a PTS value less than PTS_First_Video.

[0077] 2.To create a gap due to dropping of audio frame(s)
from the new stream only, then the following relations must
be satisfied:

[0078] PTS_First_Video-2* Audio_Frame_
Period, y=PTS_Last_Audio=PTS_First_Video-
Audio_Frame_Period .

[0079] {PTS_First_Video+(N
Period

new Audio_Frame_
}ZPTS_First_Audio>PTS_First_Video.

new)

[0080] In this case, any dropping of audio material from
the old stream will occur only if that material is part of an
audio frame with a PTS value larger than {PTS-
_First_Video-Audio_Frame_Period,4}.

[0081] 3. To create a gap due to dropping of audio frame(s)
from both the new and old streams, then the following
relations must be satisfied:

[0082] {PTS_First_Video—
(2*Audio_Frame_Period, 4 <prs_Last Audio=
(PTS_First_Video—-Audio_Frame_Period, ;).

[0083] {PTS_First_Video+(N,..,* Audio_Frame_
Period,..,)} ZPTS_First_Audio>PTS_First_Video.

new)

[0084] In order to restrict the dropping of audio data to a
single audio frame, N_,4; must be set to 2, and N, must be
set to 1.

[0085] For a video splice-in point (which is not a begin-
ning-of-stream point) two audio splice points are needed; an
audio splice-out and an audio splice-in point. This is because
a video splice-in point can serve as a splice-out or as a
splice-in point. In this case, the audio splice-out point will
always precede the audio splice-in point (based on the above
relations).

[0086] Moreover, the above definitions of audio splice-in
and splice-out points can be implemented either as con-
straints on the bitstream (and therefore these points must be
marked by the encoder using the appropriate flags as
explained above), or they can be implemented by a switch-
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ing device (splicer). In the latter case, the splicer can use the
above relations to determine which audio frames to transmit
and drop from the old and new streams. This assumes,
however, that the splicer has access to the PTS values of
both streams. If these values, which are embedded in the
PES header, are not accessible by the splicer (e.g. due to
scrambling), they can be made available using the DTS next
AU field. In that case, the seamless_splice_flag must be set
and DTS _next_AU will represent the PTS value of the next
audio frame in the stream.

[0087] There are several video splicing constraints and
relations between video splicing constraints which must be
considered to achieve seamless video splicing. Depending
on the location of different constraints (relative to the
location of splice points in a video bitstream), several sets of
video constraints are defined as shown in FIG. 6. The
seamless-splicing constraints that need to be imposed on the
bitstream, must be analyzed, and focus must be drawn to a
small window of time T around each seamless splice point.
If a typical distance between two consecutive splice points
in the stream is denoted by SPD (splice-point-distance), then
it is assumed that T<<SPD. The following six sets of
constraints that are required for seamless splicing, are
defined:

[0088] 1. Prior Splice-Out Constraints (PSOC)

[0089] These constraints C(t), are needed in the bitstream
prior to a splice-out point.

[0090] PSOC={C(t):t<t

[0091] where t is the time that the seamless-splice-out
(SSO) point occurs in the stream.

[0092] 2. After Splice-Out Constraints (ASOC)

[0093] These constraints C(t), are needed in the bitstreams
after a splice-out point:

[0094] ASOC={C(t):t>t

[0095] 1t is important to note that although this part of the
video stream (i.e. the video material that comes after the
splice-out point in the old stream) will not be part of the
output switched stream, the ASOC constraints are needed at
receivers where the old material will continue playing after
the splice-out point. This is applicable, for example, when a
broadcaster decides to switch from one sporting event
(which might be broadcast nationally) to another sporting
event restricted to a certain region of the country, whereas
the rest of the country will still receive and view the original
sporting event.

[0096] 3. Prior Splice-In Constraints (PSIC)

[0097] These constraints C(t), are needed in the bitstream
prior to a splice-in point:

[0098] PSIC={C():t <t tET)

[0099] where t; is the time that the seamless-splice-in
(SSI) point occurs in the stream.

[0100] These are similar to ASOC’s, although this part of
the video stream (i.e. the video material that comes before
the splice-in point in the old stream) will not be part of the
output switched stream, the PSIC constraints are needed at
receivers where the new material was viewed prior to the
switching operation.

teT},

8807

tET}.

5807
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[0101] 4. After Splice-In Constraints (ASIC)

[0102] These constraints C(t) are needed in the bitstream
after a splice-in point:

[0103] ASIC={C(t):t>t,, tET}.
[0104] 5. Beginning-of-Stream Constraints (BSC)

[0105] These constraints C(t) are needed in the beginning
of a stream:

[0106] BSC={C ():t>t,,, tET)

[0107] where t,_ is the time associated with a beginning-
of-stream (BS) segment.

[0108] 6. End-of-Stream Constraints (ESC)

[0109] These are constraints which are needed (for seam-
less splicing) in the end of a stream:

[0110] ESC={C (t):t>t,,, tET),

[0111] where t__ is the time with an End-of-Stream (ES)
segment.

[0112] Also defined is the set of (seamless) Splice-In
Specific Constraints (SISC) which are the constraints that
have to be met by seamless splice-in points but not by
splice-out points:

[0113] SISC={C:C&SIC, C '&S0C},

[0114] where SIC and SOC are the sets of all splice-in and
splice-out constraints, respectively.

[0115] Below, are listed four sets of relationships among
the different constraint sets:

[0116] 1. PSOC and ASOC are mutually exclusive and
their union represents all the constraints (SOC—Splice-Out
Constraints) needed in a splice-out point:

[0117] PSOCNASOC=@
[0118] SOC=PSOCUASOC

[0119] 2. PSIC and ASIC are also mutually exclusive and
their union represents all the constraints (SIC—Splice-In
Constraints) needed in a splice-in point:

[0120] PSICNASIC=

[0121] SIC=PSICUASIC
[0122] 3. SIC is a super-set of SOC:

[0123] SOCcSIC

[0124] 4. All of the seamless Splice-In Specific Con-
straints (SISC) occur after the splice-in point in the stream.
In other words, the SISC constraint set is a subset of the
After-Splice-In Constraints (ASIC) set, and SISC intersec-
tion with PSIC is null:

[0125] SOSCc< ASIC
[0126] SISCNPSIC=%
[0127] The above relationships leads to the following:
[0128] PSOC=PSIC=ESC
[0129] ASIC=BSC
[0130] ASIC-SISC=ASOC
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[0131] Therefore, a seamless splice-in point is also a
seamless splice-out point but the opposite is not true. This
leads to the following three statements:

[0132] 1. By concatenating a video splice-out point
with a video splice-in point, the output stream will
contain a video splice-in point as shown in FIG. 3.

[0133] 2. Asillustrated in FIG. 3, a splice-in point is
needed in the stream that the PTA switcher must
switch into, whereas a splice-out point or a splice-in
point is needed in the stream that the switcher is
switching from.

[0134] 3. Detection of a seamless splice-in point can
be achieved by:

[0135] a. Detecting a splice point in the stream
(which is achieved by the detection of normal
MPEG-2 splice and/or seamless splice flags and
parameters).

[0136] b. Detection of Splice-In Specific Con-
straints (SISC) which occur after the splice-in
point as explained above.

[0137] FIGS. 7a-7d illustrate the steps of the method of
the invention. More specifically, FIGS. 7a-7b include steps
101-110 in which an encoder creates a multimedia data
stream with seamless splice-in and splice-out points. In step
101, uncompressed first and second multimedia programs,
each with a video component, audio component, and caption
component, are provided. The stream may contain hundreds
of programs including video only, audio only, data only, and
multi-media programs. In step 102, the multimedia pro-
grams are encoded using MPEG-2 video compression with
each group of pictures ending with a P-frame in presentation
order. Thus, the decoding of pictures in a GOP do not depend
on any pictures in any other GOP. The audio is compressed
using MPEG audio or Dolby AC-3 compression. In step 103,
seamless video splice-in points are provided in the packet of
the respective video stream immediately before the first
packet of each I-frame in the stream. In step 104, the video
seamless splice-in points are indicated in the packet of the
respective video ES immediately before the first packet of
each I-frame. In step 105, seamless video splice-out points
are provided immediately before and immediately after each
P-frame and each I-frame in the video stream. In step 106,
video splice-out points are indicated in the last packet in the
respective video ES immediately before each P-frame and
I-frame and in the last packet of each P-frame and each
I-frame in the video ES. In step 107, seamless audio splice-
in points are provided before each audio frame in the audio
stream. In step 108, the seamless audio splice-in points are
indicated in the last packet of the audio ES immediately
before the beginning of each audio frame. In step 109,
seamless audio splice-out points are provided after each
audio frame in the stream. In step 110, the seamless audio
splice-out points are indicated in the last packet of each
audio frame in the audio ES.

[0138] FIGS. 7c¢-7d illustrate steps 121-133 in which a
splicer splices out an old program and splices in a new
program in a data stream. This is simply digital switching at
the selected splice points. In step 121, a data stream is
transported to the splicer. Transportation may include opti-
cal, electrical, radio-broadcasting, and/or storage on data
media such as optical or magnetic disks or tape. In step 122,
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a command is received to seamlessly splice the second
program to the first program at a specified time. The time
may be relative to the program reference clock or to the
decoding or presentation time, of either stream, a real time,
or immediately so that the next available splice-in is used. A
non-seamless splice command could be provided for
example at a decoder which substitutes black frames for
undecodable frames, for example, for artistic fade to black.
In step 123, a video splice-in point is selected for the second
program, which is closest to specified time in the stream for
splicing. Alternately, the closest slice-out could be selected,
and the selection could also be limited to the closest splice
either before or after the specified time. In step 124, the
splicer determines whether any video frames need to be
skipped and how many to skip in order to provide seamless
video splicing. The stream may indicate that frames need to
be skipped. Preferably, video frames will not need to be
skipped if the encoders control the encoding to provide
seamless splice-in and seamless splice-out points in the
respective streams. In step 125, a video splice-out point is
selected for the first program depending on the determina-
tion for skipping video frames. The splice-out point is at an
approximately aligned position in the stream with respect to
the selected video splice-in point. The term “approximately
aligned” is limited by the size of any buffer in the splicer and
the flexibility of the decoder buffer. In step 126, the video of
the first program is spliced out at the selected video splice-
out point and the video of the second program is spliced in
at the selected video splice-in point. The splicer preferably
has a buffer so that a splice-out occurring slightly later in
stream order than the splice-in may be selected. In step 127,
the program clock reference, begin-presentation times, and
begin-decoding times in the packets of second program are
changed in the second program after the selected video
splice-in point to make them consistent with times in the first
program. Alternately, a signal may be inserted to reset the
decoder in order to maintain signal presentation. In step 128,
the video buffer of the splicer is adjusted if required, so that
the first presented video frame after the selected video
splice-in point immediately follows the last presented video
frame before the selected splice-out point. This step is not
required if the video splice-in and video splice-out points are
precisely aligned. In step 129, an audio splice-in point in the
second program is selected at which a begin-presentation
time of the first presented portion after the audio splice-in is
equal to or after the end-presentation time of the last
presented video picture before the video splice-in in the
stream (assuming consistent times of the first and second
programs with the end-presentation time of the latest pre-
sented picture in the first program before the video splice-
out point). In step 130, whether any audio frames need to be
skipped and how many to skip in order to prevent audio
decoding buffer overflow is determined. Since precise align-
ment of the streams is difficult to achieve for both video and
audio elements, for seamless video splicing, some audio
frames usually must be dropped, and vice-versa, for seam-
less audio splicing usually some video frames must be
dropped. In step 131, an audio splice-out in the first program
is selected depending on the determination of the need to
skip audio frames, which is approximately aligned in the
stream with the audio splice-in point, and at which the last
presented audio frame in the stream before the splice-out has
an end-presentation time equal or before the begin-presen-
tation time of both the video picture after the video splice-in;
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and the audio frame after the audio splice-in. In step 132, the
audio of the first program is spliced out at the selected audio
splice-out point and the audio of the second program is
spliced in at the selected audio splice-in point. In step 133,
the program clock reference, begin-presentation times, and
begin-decoding times in the audio packets of the second
program after the selected audio splice-in point are changed
if required, to be consistent with times in the first program.

[0139] FIG. 7e includes steps 141-143 in which the
spliced data stream is decoded. In step 141, the data stream
is transported to the decoder. In step 142, the program to be
decoded is selected. In step 143, the video and audio frames
of the selected program are decoded into uncompressed
digital video and digital audio data. In step 144 the resulting
pictures and sounds are displayed to a viewer. Steps 121-133
of FIGS. 7¢-7d may be repeated in the decoder in order to
seamlessly switch programs (change channels) when a
multi-program stream is received by a decoder.

[0140] FIG. 8 illustrates the overall system 200 of the
invention. Multimedia data is provided into the system by
analog camera 201 and digital cameras 202-210. The cam-
eras are typically associated with microphones 211 to pro-
vide analog audio data. The digital cameras in this example,
include digitalizers 212 to convert the analog sound into
digital sound, and caption generators 213 to provide cap-
tions. The digital cameras may be analog cameras with
analog-to-digital (A/D) converters to convert analog video
into digital video, or preferably digital cameras that convert
analog light directly into digital electrical signals using a
CCD array. Input from analog camera 201 is processed by
digitalizer 214 which includes an A/D converter for pictures
and sound. In some studio situations a base band (uncom-
pressed) crossover switcher 215 can be used, for example, to
switch from one camera to another between pictures or from
one microphone to another. Within the studio the base band
digital signal can be directly viewed by displays 216, 217.
Digital base band signals may also be provided by video
frame editor 218, or film to digital data scanner 219.

[0141] The base band digital signals are encoded by
encoders 230-240 to provide a bit stream that is compressed
according to the MPEG-2 specification. Encoder/decoder
241 is provided for multimedia editors used to revise
uncompressed individual frames of the multimedia data.

[0142] The encoded multimedia data may be stored in a
multimedia server 242 also known as a video server. During
storage, input and/or output (I/0) units (IOUs) 243-250 pack
the data stream into disk blocks. Groups of the disk blocks
are striped across hard drive systems (HDSs) 251-260 by
commutator 261. Each HDS includes one or more redundant
arrays of inexpensive disks (RAID) and respective RAID
disk controllers (not shown). Typically, each RAID includes
2 to 14 hard drives across which the groups of blocks are
striped within the HDS. Thus, each IOU has continuous
access for reading or writing all the files in all the HDSs. A
controller 262 schedules all the switching through the com-
mutator to connect the IOUs with the HDSs in a round robin
or more complex manner so that every IOU has full band-
width access to all the data in all the HDSs.

[0143] Encoders 233-240 communicate together so that
packets from a large number of encoders can be easily
intermixed by combiner 270 into a single data stream,
including a multitude of programs. Splicer 271 is a simple
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digital PTA switcher with two input streams and two output
streams. Decoders 272 and 273 are simple one stream
decoders for each stream output from splicer 270. The
decoded output (uncompressed base band) from decoders
272 and 273 is connected to local displays 274 and 275
respectively so that within the studio, the preview channel
and the broadcast channel can both be viewed.

[0144] At the head-end of a cable TV distribution system
a complex splicer-combiner 280 outputs multiple selected
programs from multiple inputs including inputs carrying
multiple programs. Transport system 281 for a cable TV
system would be an optical fiber network from the head end
to multiple local nodes and coaxial cables from each local
node to multiple customer locations (e.g. 500 homes).

[0145] In the customer’s home a decoder 282 includes a
splicer for seamlessly switching channels between a multi-
tude of programs provided through the cable system. The
decoder decodes one of the programs which is viewed by the
customer on digital display 283.

[0146] FIG. 9 illustrates an encoder 300 of the invention.
The encoder includes a microcomputer or microcontroller
CPU 301 communicating with memory 302. The memory
includes a module 303 to control the CPU and input circuit
(IC) 304 to copy uncompressed digital multimedia data from
the input 305 into input buffers in memory. Video data is
copied into input video buffer 306, audio data is copied into
input audio buffer 307, and other data such as captions is
copied into another input buffer 308. Alternately, multiple
inputs each with their own input circuit could have been
provided for respective types of data. The input circuits may
be input processors, direct memory devices or other com-
mon I/O circuitry which are well known in the art. The
memory also includes a module 310 which controls the CPU
and output circuit (OC) 312 to copy packets of the encoded
multimedia data from the output buffer in the memory onto
output 313. Video packets are copied from the output video
buffer 314, audio packets are copied from the audio output
buffer 315, and other type of packets are copied from another
buffer 316 onto the output. Alternately, one buffer could
have been used for all the input and another buffer used for
all the output or even a single buffer could be used for all the
input and output data. Module 320 reads data from the input
video buffer for a picture, compresses the picture in accor-
dance with MPEG-2, encapsulates the compressed video
data into packets with video data payloads, and stores the
packets into output video buffer 314. The GOPS created by
module 320 include a P-frame at the end of each GOP in
display order. Module 321 reads data from the input audio
buffer for a predetermined period of time, compresses the
data (according to the MPEG audio or Dolby AC3 standard),
encapsulates the compressed data into the payloads of
multiple packets, and stores the packets into the output audio
buffer 315. Module 322 reads data from the other input
buffer, and creates the other packets such as PCR packets
and PMT packets, and stores the other packets into the other
output buffer 316. Module 323 determines the order of the
packets to be output by module 310 to prevent overflow or
underflow of the decoder buffer. Module 323 edits the
packets to indicate the location of every video splice-in point
in the respective video packet immediately before every
I-frame and to indicate the position of a seamless video
splice-out point before every P-frame (in the respective
video packet immediately before every P-frame) and after
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every I-frame and P-frame (in the last respective packet of
the P-frame). Module 323 communicates with module 320
to control the compression of the video data to prevent
underflow or overflow of the VBV. Module 323 can provide
dummy data or drop B-frames if required to meet predeter-
mined requirements for ending delay after a splice-out and
startup delay after a splice-in so that the splice-in and
splice-out points in the stream are seamless splice-in and
splice-out points. Module 324 indicates the location of an
audio splice-in point at the beginning of every audio frame
(by editing the last packet of the audio ES immediately
before the audio frame) and the location of an audio splice-
out point at the end of every audio frame (by editing the last
packet of the audio frame).

[0147] FIG. 10 shows a splicer 350 of the invention. The
splicer includes a microcomputer or microcontroller CPU
351 communicating with memory 352. The memory
includes computer software modules to control the CPU and
other hardware of the splicer and includes buffers for storing
input data and data to be output. Each software module
includes multiple sub-modules to perform all the required
functions of such software module. Module 353 controls the
CPU and ICs 354-356 to copy data from multimedia data
streams at input 357-359 respectively into a buffer 360 in
memory. Module 361 controls the CPU and OCs 362 and
263 to copy packets from buffer 360 onto outputs 364 and
365 respectively. Module 366 controls the CPU and IC 367
to receive commands from command input 368 including a
splice command to splice the second program to the first
program.

[0148] Module 372 selects a splice-in point of the first
component (e.g. video) in the second program depending on
the splice command, and module 373 selects a splice-out
point of the first component in the first program, approxi-
mately aligned with respect to the splice-in point of the first
component in the second program. The maximum difference
in the time of the splice-in and splice-out for a respective
component depends on the size of the buffer of the splicer.
Module 361 includes module 374 which splices the first
component of the first program out at the selected splice-out
point of the first component and splices the first component
of the second program in at the selected splice-in point of the
first component.

[0149] Another module 375 selects a splice-in point for
the second component (e.g. audio) in the second program, at
which the begin-presentation time of the earliest presented
portion of the second component of the second program
(after the splice-in point for the second component in the
stream), is equal or after the end-presentation time of the
latest presented portion of the first component of the first
program (before the splice-out point for the first component
in the stream). Module 376 selects a splice-out point in the
stream for the second component of the first program, at
which the end-presentation time for the latest presented
portion of the second component in the first program (before
the splice-out point for the second component in the stream)
is equal or before the begin-presentation time for both: the
carliest presented portion of the first component of the
second program (after the splice-in point of the first com-
ponent in the stream); and the earliest presented portion of
the second component of the second program (after the
splice-in point of the second component in the stream).
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[0150] Module 361 also includes module 377 which
splices the second component of the first program out at the
selected splice-out of the second component and splices the
second component of the second program in at the selected
splice-in point of the second component.

[0151] Module 366 includes module 378 to store a speci-
fied splice time in buffer 360 and module 372 selects the
video splice-in closest in time to the time specified for the
splice time. Alternately, if the splice command is splice
immediately, the next splice-in recognized in the stream may
be selected. Module 379 determines if any video frames
must be dropped to prevent overflowing the decoder’s video
buffer and deletes any such frames. Preferably no pictures
have to be dropped, but black pictures or repeat pictures may
be required if the encoder does not guarantee that all
splice-in and splice-out points are seamless or if seamless
audio is required. Module 376 selects a splice-out point of
the first component in the first program which is closer in
time to splice-in point of the first component in the second
program than any other one of a multitude of previous
splice-out points of the first component in the first program.

[0152] Module 376 includes module 380 for determining
the number of frames of the second component that must be
skipped in order to prevent overflowing a buffer for the
second component; and module 376 selects the splice-out
point at which the end-presentation time of the latest pre-
sented portion previous to the splice-out point of the second
component is significantly later than the begin-presentation
time of the earliest presented portion after the slice-in point
in the second program, depending on the determination so as
to prevent overflowing the decoder buffer for the second
component. Module 375 can select the audio splice-in point
at the end of the last packet of the audio frame with an
begin-presentation time closest to the begin-presentation
time of first video picture presented after the video splice-in.
Module 376 may select the audio splice-out point at the end
of the last packet of an audio frame with an end-presentation
time closest in time to the begin presentation time of the first
audio frame presented after the audio splice-in point, or of
the first video frame presented after the video splice-in point
or closest in time to the end-presentation time of the last
presented picture before the video splice-out point. Prefer-
ably, the seamless video splice-out points are predetermined
and the packets in the program include information indicat-
ing the location of the seamless video splice-out points and
module 376 includes module 381 for recognizing video
splice-out indications including the splicing_point_flag=1,
the splice-coutdown=0, the seamless_splice_flag=1, and if
PID=PCR_PID then PCR_flag=1 in the MPEG-2 packet
headers.

[0153] Preferably, the seamless video splice-in points are
also predetermined and the packets in the programs include
information indicating the location of the seamless video
splice-in points and module 372 recognizes video splice-out
indications including splicing_point_flag=1, splice_cout-
down=-1, seamless_splice_flag=1 and if PID=PCR_PID
then PCR_flag=1 in the MPEG-2 packet header. Preferably,
module 376 selects the audio splice-out point by searching
in the first program for the last packet of an audio frame in
the first program with an end-presentation time which is
equal or before the begin-presentation time of the first video
picture presented after the video splice-in point in the second
program. Also, module 375 selects the audio splice-in point
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by searching in the second program for the first audio frame
with a begin-presentation time which is equal or after the
begin-presentation time of the first video picture after the
video splice-in point in the second program. Module 382
determines if one or more audio frames should be dropped
before or after or both before and after the audio splice-in or
splice-out point in order to prevent overflowing the audio
buffer. Module 383 inserts a sequence_end_code between
the last video picture of the first stream and the first video
picture of the second stream.

[0154] FIG. 11 illustrates a selective decoder 400 of the
invention. The decoder includes a CPU 401 communicating
with memory 402. The memory includes computer software
modules to control the CPU and other hardware of the
decoder and includes buffers for storing input data and data
for output from the decoder. Module 403 controls the CPU
and IC 404 to copy compressed data from a multi-program,
multimedia, data stream at input 405 to memory 402 which
includes copying compressed video data to input video
buffer 406 and copying compressed audio data to input audio
buffer 407. Software module 408 controls the CPU and IC
409 to receive commands from input 410 and stores the
commands. The input stream includes a first, second and
third program streams, and the first, second and third pro-
grams each include a video component stream and an audio
component stream.

[0155] Software module 420 controls the CPU and OCS
421 and 422 to copy uncompressed data from an output
audio buffer 423 and output video buffer 424 to uncom-
pressed output multimedia data streams 425 and 426. Mod-
ule 420 schedules the output according to the display time
specified in the program streams of the output programs.
Software module 427 converts compressed data from input
video buffer 406 into uncompressed data in output video
buffer 424. Software module 428 converts compressed audio
data from input audio buffer 407 into uncompressed data in
output audio buffer 424. Modules 427 and 428 schedule the
decoding according to the specified decoding time specified
in the program streams. Initially the uncompressed program
stream at output 421 is the uncompressed product of the first
program stream, and the uncompressed program stream at
output 425 is produced from the third program stream.

[0156] Upon receiving a selection change command to
switch from a first program to a second program at output
421, software module 430 selects a video splice-in point in
the compressed video stream for the first program depending
on the time specified in the command. Software module 431
selects a video splice-out in the uncompressed video stream
for the second program that is approximately aligned with
the video splice-in point in the first program. Preferably, the
splice-out point is at the same position or at slightly later
position in the stream than the video splice-in point. Module
427 stops decoding the video data for the first program after
decoding the last decoded picture of the video stream before
the video splice-out point and starts decoding the video data
for the second program starting with the first picture to be
decoded after the video splice-in point. Software module
432 adjusts the decoding times and presentation times of the
pictures in the video stream for the second program after the
video splice-in point so that pictures will be continuous.
Also, module 432 adjusts the decoding and presentation
times of the audio stream for the second program.
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[0157] Software module 433 determines how many audio
frames should be dropped and which to drop in order to
prevent audio anomalies, and then selects an audio splice-in
point in the compressed audio stream for the second pro-
gram. The begin-presentation time of the first audio frame
after the splice-in point is the same or slightly after the
end-presentation time of the last presented picture of the
video stream for the first program before the video splice-out
point for the first program. Software module 434 selects an
audio splice-out in the uncompressed audio stream for the
first program that is approximately aligned with the audio
splice-in point in the second program. The end-presentation
time of the first audio frame before the audio splice-out is
equal to or before the begin-presentation time of both the
first picture after the video splice-in and the first audio frame
after the audio splice-in of the second program. Module 428
stops decoding the audio data for the first program after
decoding the last decoded audio frame of the audio stream
before the audio splice-out point and starts decoding the
audio data for the second portion starting with the first audio
frame to be decoded after the audio splice-in point.

[0158] FIG. 12 illustrates a programmable computer sys-
tem 500 and various example apparatus for programming
such a programmable computer. The computer system may
be programmed either by connecting non-volatile memory
(e.g. ROM, PROM, EEPROM, flash memory, battery
backed SRAM) containing programmed structures to the
programmable computer or by providing signals to the
programmable computer which may be applied to memory
of the programmable computer to provide programmed
structures. Another computer system 501 such as an Internet
server may be connected through a communication appara-
tus 502 to system 500 to provide signals for programming
system 500. Apparatus 502 may include a copper or optic
cable, radio, infrared, or network such as Ethernet, ARCnet,
Token ring, or a modem and telephone system. A storage
drive 503 may have integral media 504 and be connected
and disconnected to the system 500 or drive 503 may be
integral with system 500 and receive signals from removable
computer media 504. System 500 may include a user inter-
face 505 and program input module 506, and written mate-
rials may be provided for input. A user may input the signals
using apparatus (not shown)of the user interface such as a
keyboard, text scanner, microphone, camera or bar code
reader. The signals provided to system 500 may be copied to
storage drive 503 for later recall into volatile memory 507 or
stored in non-volatile memory 508 to provide programmed
apparatus in memory. Alternately the system may be pro-
grammed by providing programmed non-volatile memory.
System 500 may include a slot 509 into which a cartridge
510 containing non-volatile memory such as a PC flash
memory card, may be connected to provide programmed
apparatus. System 500 may include a socket 511 into which
a non-volatile package 512 may be inserted to provide
programmed apparatus. System 500 may be fabricated with
non-volatile integral memory 508 to provide programmed
apparatus. The programmed structures include programs and
other data in memory which control a micro-processor 513
and I/O processors e.g. 114 of the programmable computer
to implement computer processes. The computer system
may be a workstation, modem, PC card, printer, or other
software upgradable component. Other well known methods
of programming a computer system may also be used.
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[0159] The invention has been described with reference to
specific embodiments including the best mode for carrying
out the invention, and with sufficient detail that anyone
skilled in the art can make and use the invention. Those
skilled in the art may modify these embodiments or provide
other embodiments within the spirit of the invention, and
thus, the description does not limit the present invention to
the disclosed embodiments. The invention is limited only by
the following appended claims.

1-17. (canceled)

18. A method for splicing multimedia programs in mul-
timedia data streams to form a same single output program,
comprising:

providing in the same or different multimedia data
streams, first and second programs, each of the first and
second programs including a first media component of
the same first media and a second media component of
the same second media, the second media being a
different media than the first media, each of the first and
second media components of each of the first and
second programs having: a multitude of splice-in points
with begin-presentation times of first presented por-
tions of the component after the splice-in; and a mul-
titude of splice-out points with end-presentation times
of the last presented portion of the component before
the splice-out, the times being relative to their positions
in the stream;

transmitting the first and second component of the first
program in an output stream;

receiving a command to splice the second program to the
first program to form the same single output program;

selecting a splice-in point in the stream for the first
component in the second program;

selecting a splice-out point in the stream for the first
component in the first program, with a position in the
stream approximately aligned with the position in the
stream of the splice-in point of the first component of
the second program; and the begin-presentation time
for the first portion of the first component presented
after the splice-in of the first component is equal or later
than the end-presentation time for the last presented
portion of the first component before the splice-out of
the first component;

transmitting the first component of the second program
and the second component of the first program in the
output stream,

splicing the first component of the first program out at the
selected splice-out point for the first component and
splicing the first component of the second program in
at the selected splice-in point for the first component;

selecting a splice-in point in the stream for the second
component in the second program at which the begin-
presentation time of the first presented portion of the
second component after the splice-in is equal or after
the end-presentation time of the latest presented portion
of the first component before the splice-out point of the
first component;

selecting a splice-out point in the stream for the second
component in the first program, at which: the position



US 2004/0218093 A1l

in the stream of the splice-out point for the second
component is approximately aligned with the position
in the stream of the splice-in point of the second
component; and an end-presentation time of the latest
presented portion of the second component before the
splice-out is equal or before the begin-presentation
times of the earliest presented portions of both: the first
component after the splice-in of the first component;
and the second component after the splice-in of the
second component;

splicing the second component of the first program out at
the selected splice-out of the second component and
splicing the second component of the second program
in at the selected splice-in point of the second compo-
nent; and

transmitting the first and second component of the second
program in the output stream.
19. The method of claim 18 in which:

selecting a splice-in point in the stream for the second
component includes selecting a point at which the
begin-presentation time for the earliest presented por-
tion of the second component after the splice-in for the
second component is equal or after the begin-presen-
tation time for the earliest presented portion of the first
component after the selected splice-in for the first
component.

20. The method of claim 18 in which:

selecting a splice-out point in the stream for the second
component includes selecting a point at which the
end-presentation time for the latest presented portion of
the second component before the splice-out is equal or
before the end-presentation time for the latest presented
portion of the first component before the selected
splice-out for the first component.

21. The method of claim 18 in which:

portions of at least one of the components of the first and
second programs contain presentation time data from
which a begin-presentation time and end-presentation
time can be derived and the method includes adjusting
the time data for the one component in the second
program after the splice-in point for the one component
to be consistent with the time data of the one compo-
nent in the first program; and

at least one of the components of the first and second
programs contain a decode time data from which a
begin-decoding time can be derived and the method
further comprises adjusting the decode time data for the
component in the second program after the splice-in
point for the one component to be consistent with the
decode times of the one component in the first program.

22. The method of claim 18 in which:

selecting a splice-out point of the first component includes
selecting the splice-out point which is closer in time to
the splice-in point of the first component in the second
program than any other one of a multitude of previous
splice-out points of the first component, for which
multitude of previous splice-out points the begin-pre-
sentation time for the first portion of the first compo-
nent presented after the splice-in of the first component
that is is equal or later than the end-presentation time
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for the last presented portion of the first component
before the splice-out of the first component.
23. The method of claim 18 in which:

video, audio, or other component splice-in points are
indicated in a packet that follows a splice-in point for
a respective component by if PID=PCR_PID, then
setting PCR_flag=1 and providing a PCR value in the
header of the packet; and selecting a splice-in point for
the respective component includes searching for such
flag value.

24. The method of claim 18 in which:

selecting a splice-in point in the stream for the second
component includes selecting a point at which the
begin-presentation time for the earliest presented por-
tion of the second component after the splice-in for the
second component is equal or after the begin-presen-
tation time for the earliest presented portion of the first
component after the selected splice-in for the first
component;

selecting a splice-out point in the stream for the second
component includes selecting a point at which the
end-presentation time for the latest presented portion of
the second component before the splice-out is equal or
before the end-presentation time for the latest presented
portion of the first component before the selected
splice-out for the first component;

portions of at least one of the components of the first and
second programs contain presentation time data from
which a begin-presentation time and end-presentation
time can be derived and the method includes adjusting
the time data for the one component in the second
program after the splice-in point for the one component
to be consistent with the time data of the one compo-
nent in the first program;

at least one of the components of the first and second
programs contain a decode time data from which a
begin-decoding time can be derived and the method
further comprises adjusting the decode time data for the
component in the second program after the splice-in
point for the one component to be consistent with the
decode times of the one component in the first program;

the first and second programs include a program clock
reference and the method further comprises adjusting
the program clock reference time in the second pro-
gram after the first splice-in of the second program in
the stream to be consistent with the program clock
reference in the first program;

the splice command includes a specified splice time; and
selecting a splice-in point for the first component in the
second program includes selecting the splice-in point
closest in time to the time specified for the splice time;

selecting a splice-out point of the first component includes
selecting the splice-out point which is closer in time to
the splice-in point of the first component in the second
program than any other one of a multitude of previous
splice-out points of the first component, for which
multitude of previous splice-out points the begin-pre-
sentation time for the first portion of the first compo-
nent presented after the splice-in of the first component
that is equal or later than the end-presentation time for
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the last presented portion of the first component before
the splice-out of the first component;

selecting a splice-out of the second component, includes:
determining the number of frames of the second com-
ponent that must be dropped in order to prevent over-
flowing a decoding buffer for the second component;
and selecting splice-in and splice-out points of the
second component depending on the determination in
order to drop the determined number of frames;

one or more portions of the second component are
dropped including either: portions with begin-presen-
tation times before the end-presentation time of the last
portion of the first component before the splice-out of
the first component; portions with end-presentation
times after the begin-presentation time of the first
portion of the first component after the splice-out of the
first component; or both;

the first component is a video component and the second
component is an audio component;

video, audio or other component seamless splice-out
points are indicated in a packet for the respective
component immediately before the splice-out point by
setting one or more of: the splicing_point_flag=1; the
splice_coutdown=0; and the seamless_splice_flag=1;
and selecting a splice-out point for the respective
component includes searching for packets with one or
more of: the splicing_point_flag=1; the splice_cout-
down=0; and the seamless_splice_flag=1;

video, audio or other component seamless splice-out
points are also indicated in a packet for the respective
component immediately before the splice-out point by
if PID=PCR_PID, then setting PCR_flag=1 and pro-
viding the PCR value in the packet; and selecting a
splice-out point for the respective component includes
searching for packets with PID=PCR_PID, PCR_flag=
1, and a PCR value; video, audio or other component
seamless splice-in points are indicated in a packet for
the respective component immediately after the splice-
out point by setting one or more of: the splicing_point-
_flag=1; the splice_coutdown=-1; and the seamless_s-
plice_flag=1; and selecting a splice-in point for the
respective component includes searching for packets
with one or more of: the splicing_point_flag=1; the
splice_coutdown=-1; and the seamless splice_flag=1;

video, audio, or other component seamless splice-in
points are also indicated in a packet that follows a
splice-in point for a respective component by if PID=
PCR_PID, then setting PCR_flag=1 and providing a
PCR value in the header of the packet; and selecting a
splice-in point for the respective component includes
searching for packets with PID=PCR_PID, PCR_flag=
1, and a PCR value;

selecting the audio splice-out point includes searching for
the last presented audio frame in the first program with
an end-presentation time which is equal or before the
begin-presentation time of the first presented video
picture after the video splice-in point;

selecting the audio splice-in point includes searching in
the second program for the first presented audio frame
in the second program with a begin-presentation time
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which is equal or after the end-presentation time of the
last presented video picture before the video splice-out
point in the first program;

the first program is received from a first encoder in a first
data stream and the second program is received from a
second encoder in a second stream, and the first and
second encoders cooperate to constrain the programs so
that at every video splice-in point in one program there
is a corresponding video splice-out point approxi-
mately aligned in time with the splice-in point in the
other program;

the encoder for the first program and the encoder for the
second program cooperate so that at the video splice-in
point in the second program, the ending delay of the
first program at the corresponding video splice-out
point is at least the period of one video picture in the
first program less than the startup delay for the second
program at the video splice-in point so that all video
splice-in points are seamless splice points;

one of the components in each of the first and second
programs includes only self contained decodable
frames which define a splice point at both the point
immediately before the beginning of the first packet of
the frame and the point immediately after the end of the
last packet of the frame, and all the splice points for the
component are both splice-in points and also splice-out
points;

for portions of the first and second components approxi-
mately aligned in the stream, the begin-presentation
time and a begin-decoding time of the first component
is delayed for approximately 33 to 300 milliseconds
with respect to the begin-presentation time of the
second component;

the splice command is received by a play-to-air splicer in
which: each of the first and second programs arrive at
the same splicer input or at separate splicer inputs in
different respective data streams; and only one of the
programs exits from a data stream output of the splicer;

providing first and second programs includes providing
multiple seamless video splice-in points and multiple
seamless video splice-out points in each of the first and
second programs;

the frame rates for the first and second programs are
different and the splicer inserts a sequence_end_code in
the output stream between the last video picture of the
first program and the first video picture of the second
program in the stream;

the MPEG-2 group of pictures in presentation order, begin
with an I-frame and end with a P-frame; and the first
and second programs include a third media component
which is captions for the video pictures.

25. The method of claim 18 in which:

selecting a splice-in point of the first component includes
selecting the next splice-in point recognized in the
stream after receiving the command to splice;

each of the first and second programs is compressed by an
independent respective encoder which guarantees a
predetermined start-up delay at each seamless splice-in
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point and a predetermined ending delay at each splice-
out point whereby overrun is prevented when splicing
such encoded programs;

selecting a splice-out of the first component includes:
determining the number of portions of the first com-
ponent that must be skipped in order to prevent over-
flowing a decoding buffer for the first component; and
selecting a splice-out point of the first component in the
first program that is sufficiently previous to the splice-
in point of the first component in the second program
depending on the determination so as to prevent over-
flowing the decoder buffer for the first component so
that the first component may be spliced seamlessly;

selecting a splice-out point in the second component
includes selecting a splice-out point at which the end-
presentation time of the latest presented portion of the
second component before the splice-out point for the
second component is closer than the end-presentation
time of any other portion of the second component
before the splice-out point to the begin-presentation
time of the first presented portion of the second com-
ponent before the splice-out point;

providing first and second programs includes providing a
program association table that identifies a packet iden-
tifier for a program map table for each of the first and
second programs in the stream; and

the splice command to switch from a first program to a
second program is received by a decoder which
receives both of the first and second programs in the
same data stream and the decoder selects packets for
copying into a decoder buffer depending on the splice
command, a packet identifier which identifies a seg-
ment of a component of a program for each packet of
the first and second media of the first and second
programs, and a program map table which identifies the
packet identifiers for a program.

26. A multimedia data stream of signals decodable in a
physical device, and containing a spiced output program
comprising:

a first sequential portion output program containing por-
tions of a first media component of a first program and
a second media component of the first program; and
containing no portions of a first and second media
components of a second program;

a second portion of the output program adjacently fol-
lowing the first sequential portion and containing por-
tions of a first media component of a second program
and other portions of the second media component of
the first program; and containing no portions of the first
media component of the first program and no portions
of a second media component of the second program;
and

a third portion of the output program adjacently following
the second sequential portion and containing other
portions of the first media component of the second
program and other portions of the second media com-
ponent of the second program; and containing no
portions of the first and second media components of
the first program.
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27. The data stream of claim 26 in which:

the first components of the first and second programs
include multiple splice-in points and multiple splice-
out points and for a plurality of the splice points a
packet adjacent to the splice point includes an indica-
tion of the splice point;

the multimedia data stream includes an MPEG-2 video
data stream;

audio components of both programs are compressed using
either MPEG audio or Dolby AC-3;

the first media component of each of the first and second
programs is a video component and the second media
component of each of the first and second programs is
an audio component;

the first and second programs each further include at least
one auxiliary component;

the last packets before respective splice-out points include
a program clock reference;

the first packets following respective splice-in points
include a program clock reference value in the header;

the stream further comprises a multitude of additional
multimedia programs;

each video component of each of the first and second
programs includes multiple seamless splice-in points
and multiple seamless splice-out points, the programs
conforming to a predetermined scheme so that with
respect to other programs conforming to the scheme,
splices between a video seamless splice-in point of the
program and a corresponding approximately aligned
video seamless splice-out point of the other program
will always be seamless;

a video seamless splice-in point is indicated in each
packet of the first and second media of the first and
second programs immediately before multiple respec-
tive first packets of MPEG-2 I-frames of the first and
second programs;

a video splice-out point is indicated in the packet imme-
diately before first packets of multiple respective
MPEG-2 I-frames and P-frames of the first and second

programs;

an audio splice-in point is indicated in the first packets of
multiple respective audio frames of the first and second
programs; and

an audio splice-out point is indicated in the last packets of
multiple respective audio frames of the first and second
programs.

28. A multimedia encoder, comprising:

a processing unit;

memory communicating with the processing unit includ-
ing one or more buffers;

one or more network inputs;
at least one network output;

means for receiving the uncompressed multimedia pro-
grams from the inputs into the buffers;
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means for compressing the uncompressed portions of the
multimedia programs in the buffers into compressed
portions of the multimedia programs in the buffers;

means for transmitting the compressed multimedia pro-
grams from the buffers onto the network output;

video seamless splice-out providing means to control the
encoding for providing a multitude of video seamless
splice-out points in at least one of the compressed
programs; and

video seamless splice-in providing means to control the
encoding for providing a multitude of video seamless
splice-in points in at least one of the compressed
programs.

29. A multimedia encoder, comprising:

a processing unit;

memory communicating with the processing unit and
including one or more buffers;

one or more network inputs for uncompressed programs
communicating with the buffers of the memory;

at least one network output for a data stream of one or
more compressed programs communicating with the
buffers of the memory;

means for receiving the uncompressed programs from the
inputs into the buffers;

means for compressing the uncompressed portions of the
programs in the buffers into compressed portions of the
programs in the buffers;

means for transmitting the compressed programs from the
buffers onto the network output; and

means to control the encoding for preventing audio
anomalies due to splicing the compressed programs.
30. The multimedia encoder of claim 29, in which:

the programs include a video component and the encoding
includes MPEG-2 encoding for compressing the pro-
grams and the video splice-in providing means provide
a seamless video splice-in point at the beginning of
every I-frame in the video component of the at least one
compressed program;

the encoder further comprises video splice-out providing
means for providing a multitude of video splice-out
points in the at least one compressed program;

the encoder further comprises video seamless splice-in
indicating means for indicating the locations of the
seamless video splice-in points in the compressed pro-
grams;

if PID=PCR_PID, then the video seamless splice-in indi-
cating means set PCR_flag=1 in the packet header of
the first packet following the seamless video splice-in
point;

the encoder further comprises video seamless splice-out
providing means for providing a multitude of seamless
video splice-out points in the at least one compressed
program;

the video seamless splice-out providing means provide a
seamless video splice-out point at the end of every I and
P-frame in the video component in presentation order;
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the encoder further comprises video seamless splice-out
indicating means for indicating the locations of the
video seamless splice-out points in the compressed
programs;

if PID=PCR_PID, then the video splice-out indicating
means set PCR_flag=1 in the packet header of the last
packet before the video seamless splice-out point;

the encoder further comprises seamless video means for
providing that at video seamless splice-in points and at
video seamless splice-out points, the ending delay at
the video seamless splice-out points is the period of one
frame less than a predetermined startup delay at the
video seamless spice-in points so that all the video
seamless splice-in and video seamless splice-out points
are scamless;

the encoder further comprises audio corresponding splice-
in providing means for providing an audio splice-in
point corresponding to every video seamless splice-in
point in the at least one compressed program, at a
beginning of respective corresponding audio frames;

the encoder further comprises audio corresponding splice-
in indicating means for indicating the locations of the
audio splice-in points that correspond to the video
seamless splice-in points in the compressed programs;

the locations of the audio corresponding splice-in points
being indicated in a packet immediately following
respective corresponding audio splice-in point;

if PID=PCR_PID, then the audio splice-in indicating
means set PCR_flag=1 in the packet header of the first
packet following the splice-in point;

the encoder further comprises audio corresponding splice-
out providing means for providing an audio splice-out
point corresponding to every video seamless splice-out
point in the at least one compressed program at an end
of respective audio frames;

the encoder further comprises audio corresponding splice-
out indicating means for indicating the locations of the
audio splice-out points in the at least one compressed
program that correspond to seamless video splice-out
points;

the locations of the audio corresponding splice-out points
being indicated in a packet immediately preceding a
respective audio corresponding splice-out point;

if PID=PCR_PID, then the audio splice-out indicating
means set PCR_flag=1 in the packet header of the last
packet before the splice-out point; and

the encoder further comprises means for preventing audio
buffer overflow by selecting audio corresponding
splice-in points at which the begin-presentation time of
the first audio frame following the audio corresponding
splice-in point is the same or after the begin-presenta-
tion time of the first presented video picture that
follows the corresponding video seamless splice-in
point, and selecting audio corresponding splice-out
points at which the end-presentation time of the last
audio frame before the audio corresponding splice-out
point is equal or before the end-presentation time of the
last presented video picture that precedes the corre-
sponding video seamless splice-out point.
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31. A multimedia data stream splicer, comprising:
a processing unit;

memory communicating with the processing unit and
including one or more buffers;

one or more network inputs communicating with the
buffers in the memory;

at least one network output communicating with the
buffers in the memory;

means for receiving one or more data streams from the
network inputs into the buffers, the input data streams
include a first and second programs, each of the first
and second programs including a first component of a
first media and a second component of a second media;

means for transmitting the components of one or more
programs from the buffers onto the network output as
one or more data streams, the transmitting means being
adapted to transmit the first and second component of
the first program as an output program;

means for receiving a splice command to splice the
second program to the first program as the output
program;

means for selecting a splice-in point from multiple splice-
in points of the first component in the second program
depending on the splice command;

means for selecting a splice-out point from multiple
splice-out points of the first component in the first
program, the splice-out point for the first component
being approximately aligned in the stream with the
splice-in point for the first component, and the end-
presentation time of the last presented portion of the
first component before the splice-out point for the first
component is equal or before the begin-presentation
time of the first presented portion of the first component
after the splice-in point for the first component;

the transmitting means being adapted to splice the first
component of the first program out at the selected
splice-out point of the first component and splice the
first component of the second program in at the selected
splice-in point of the first component for transmitting
the second component of the first program together
with the first component of the second program as an
output program;

means for selecting a splice-in point for the second
component in the second program, at which the begin-
presentation time of the earliest presented portion of the
second component after the splice-in for the second
component is equal or after the end-presentation time
of the latest presented portion of the first component
before the splice-out point for the first component;

means for selecting a splice-out point for the second
component in the first program, at which the end-
presentation time of the latest presented portion of the
second component before the splice-out point for the
second component is equal or before the begin-presen-
tation times for the earliest presented portions of both:
the first component after the splice-in point for the first
component; and the second component after the splice-
in point for the second component; and
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the transmitting means splice the second component of
the first program out at the selected splice-out of the
second component and splice the second component of
the second program in at the selected splice-in point of
the second component for transmitting the first and
second component of the second program as the output
program.

32. The splicer of claim 31 in which:

the means for receiving the splice command store a
specified splice time and the means for selecting a
splice-in point select the splice-in point closest in time
to the time specified for the splice time;

the means for selecting a splice-out point of the first
component in the first program select the splice-out
point which is closer in time to the splice-in point of the
first component in the second program than any other
one of a multitude of previous splice-out points of the
first component in the first program wherein the end-
presentation time of the last presented portion of the
first component before the splice-out point for the first
component is equal or before the begin-presentation
time of the first presented portion of the first component
after the splice-in point;

the means for selecting a splice-out of the second com-
ponent determine the number of frames of the second
component that must be skipped in order to prevent
overflowing a buffer for the second component; and
select the latest splice-out point in the stream for the
second component at which the end-presentation time
of the latest presented portion previous to the splice-out
point of the second component is sufficiently earlier
than the begin-presentation time of the earliest pre-
sented portion after the splice-in point in the second
program, depending on the determination so as to
prevent overflowing the decoder buffer for the second
component;

the means for receiving and means for transmitting
respectfully receive and transmit MPEG-2 data
streams;

the first component of both the first and second programs
is a video component and the second component of
both the first and second programs is an audio compo-
nent;

the seamless video splice-out points are predetermined
and the packets in the program include information
indicating the location of the seamless video splice-out
points and the means for selecting video splice-out
points recognize video splice-out indications;

the means for selecting video splice-out points recognize
as a splice-in point, the end of a packet in which: the
splicing_point_flag=1, the splice-coutdown=0, the
seamless_splice_flag=1, and if PID=PCR_PID then
PCR_flag=1 and the PCR value is provided in the
MPEG-2 packet headers;

the seamless video splice-in points are predetermined and
the packets in the programs include information indi-
cating the location of the seamless video splice-in
points and the means for selecting video splice-in
points recognize the video splice-out indications;
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the means for selecting video splice-in points recognize as
a splice-out point, the end of a packet in which:
splicing_point_flag=1, splice_coutdown=-1, seam-
less_splice_flag=1 and if PID=PCR_PID then PCR-
_flag=1 and the PCR value is provided in the MPEG-2
packet header;

the means for selecting the audio splice-out point search
in the first program for the last packet of an audio frame
in the first program with an end-presentation time
which is equal or before the begin-presentation time of
the first video picture presented after the video splice-in
point in the second program;

the means for selecting the audio splice-in point search in
the second program for the first audio frame with a
begin-presentation time which is equal or after the
begin-presentation time of the first video picture after
the video splice-in point in the second program;

the splicer includes means for dropping one or more audio
frames before or after or both before and after the audio
splice-in or splice-out point in order to prevent over-
flowing the audio buffer;

the splicer further comprises means to insert a sequen-

ce_end_code between the last video picture of the first

stream and the first video picture of the second stream.

33. The splicer of claim 31 in which: the means for

selecting a splice-in point of the first component select the

next splice-in point recognized by the splicer after receiving
the command to splice;

the means for selecting a splice-out of the first component
point:determine the number of video pictures that must
be skipped to prevent overflowing a video decoding
buffer; and select a splice-out point of the first compo-
nent in the first program that is previous to the splice-in
point of the first component in the second program
depending on the determination so as to prevent over-
flowing the decoder buffer;

the means selecting a splice-out point in the second
component of the first program select a splice-out point
that is closer in begin-presentation time to the second
component splice-in point in the second program than
any other previous second component splice-out point
in the first program;

the means for determining seamless video splice-in points
calculate whether a potential splice-in point is seam-
less;

means for switching output from one program to another
program received in the same data stream;

multiple programs are received in at least one input data
stream and means for receiving receive a program
association table that identifies a packet identifier for a
program map table for programs in the stream.
34. A selective decoder for a multimedia data stream
including multiple programs, comprising:

a processing unit;

memory communicating with the processing unit, includ-
ing one or more buffers;

one or more network inputs communicating with the
buffers of the memory;
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at least one output for uncompresses data of one or more
programs, communicating with the memory;

means for selecting fewer than all the programs available
in the multimedia data stream;

means for receiving a selection command for selecting
fewer than all the programs from the network input,
including the selection of a first program and non-
selection of a second program;

means for receiving portions of compressed programs
from the input data streams into the buffers;

conversion means for reading portions of the compressed
programs from the buffers, decoding the portions into
uncompressed data, and storing the uncompressed data
into the buffers as uncompressed programs depending
on the selection, the conversion means converting
portions of a first component of a first media and
portions of a second component of a different second
media of the first program into an uncompressed output
program;

means for transmitting the uncompressed portions of
programs from the buffers onto the output as an uncom-
pressed, digital, data stream;

means for receiving a change selection command to splice
the second program to the first program;

means for selecting a splice-in point of a first component
of a first media in the second program depending on the
change channel command;

means for selecting a splice-out point of a first component
of the first media in the first program, approximately
aligned in the stream with the splice-in point of the first
component, and with an end-presentation time of the
last presented portion after the splice-out equal or
previous to the begin-presentation time of the first
presented portion of the first component after the
splice-in point of the first component;

the converting means splice the first component of the
first program out at the selected splice-out point of the
first component and splice the first component of the
second program in at the selected splice-in point of the
first component for converting the first component of
the second program and the second component of the
first program into the output program;

means for selecting a splice-in point in the stream for the
second component, at which the begin-presentation
time of the earliest presented portion of the second
component after the splice-in for the second component
is equal or after the end-presentation time of the latest
presented portion of the first component before the
splice-out point for the first component;

means for selecting a splice-out point in the stream for the
second component, which is approximately aligned in
the stream with the splice-in point for the second
component, and at which the end-presentation time for
the latest presented portion of the second component in
the first program before the splice-out point for the
second component is equal or before the begin-presen-
tation time for the earliest presented portion of both: the
first component after the splice-in point of the first
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component; and the second component after the splice-
in point of the second component;

the converting means splice the second component of the
first program out at the selected splice-out of the second
component and splice the second component of the
second program in at the selected splice-in point of the
second component for converting the first and second
component of the second program into the output
program.

35. A method of operating a multimedia system, compris-

ing:

providing uncompressed multimedia data for two or more
programs;

encoding the uncompressed data into one or more multi-
media data streams, including a first and second pro-
grams, each of the first and second programs including
a first media component of the same first media and a
second media component of the same second media
which is different than the first media, each of the first
and second media components of each of the first and
second programs having: a multitude of splice-in points
with begin-presentation times of first portions after the
splice-in; and a multitude of splice-out points with
end-presentation times of the last portion before the
splice-out, which times are relative to their positions in
the stream in which they are contained,;

receiving a command to splice the second program to the
first program;

selecting a splice-in point in the stream for the first
component in the second program;

selecting a splice-out point in the stream for the first
component in the first program, with a position in the
stream aligned or before the position in the stream of
the splice-in point of the first component of the second
program;

splicing the first component of the first program out at the
selected splice-out point for the first component and
splicing the first component of the second program in
at the selected splice-in point for the first component;

selecting a splice-in point in the stream for the second
component in the second program, at which a begin-
presentation time of the earliest presented portion of the
second component after the splice-in is equal or after
the end-presentation time of the latest presented portion
of the first component before the splice-out point of the
first component;

selecting a splice-out point in the stream for the second
component in the first program, at which an end-
presentation time of the latest presented portion of the
second component before the splice-out point is equal
or before the begin-presentation time of both: the
carliest presented portion of the first component after
the splice-in point for the first component; and the
carliest presented portion of the second component
after the splice-in point of the second component;

splicing the second component of the first program out at
the selected splice-out of the second component and
splicing the second component of the second program
in at the selected splice-in point of the second compo-
nent;
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decoding the first component of the first program until the
splice-out point for the first component; decoding the
first component of the second program starting at the
splice-in point for the first component; decoding the
second component of the first program until the splice-
out point for the second component; and decoding the
second component of the second program starting at the
splice-in point for the second component to provide
continuous decompressed data for a program.

36. A multimedia network system, comprising:

means for producing and transmitting uncompressed mul-
timedia data for a multitude of programs including a
first and a second program, each of the first and second
programs including a first and a second component, the
first components of both the first and second programs
being the same first type of media and the second
components of both the first and second programs
being the same second type of media, the first type of
media being different than the second type of media;

one or more encoder processing units;

an encoder memory communicating with the encoder
processing units, each encoder memory including one
or more buffers;

one or more encoder inputs for each encoder processing
unit for receiving uncompressed data of programs, the
encoder processing units communicating with the buff-
ers of the respective encoder memory;

at least one encoder output for the encoder processing
units for a data stream including compressed data for
one or more programs, the output communicating with
the buffers in the respective encoder memory;

means for receiving the uncompressed program data from
the encoder inputs into the buffers of the encoder
memory;

means for compressing portions of the uncompressed data
of the programs contained in the buffers into corre-
sponding portions of the uncompressed data of the
programs in the buffers of the encoder memory;

means for transmitting the compressed data of the pro-
grams from the buffers onto the network output of the
encoders, in one or more data streams;

splice-out providing means for providing a multitude of
seamless splice-out points in at least the first compo-
nent of the first program;

splice-in providing means for providing a multitude of
seamless splice-in points in at least the first of the
second program;

a splicer processing unit;

a splicer memory communicating with the splicer pro-
cessing unit, including one or more buffers;

one or more network inputs communicating with the
buffers in the splicer memory, for one or more input
data streams including the first and second programs;

at least one network output for an output data stream with
one or more programs, communicating with the buffers
in the splicer memory;
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means for receiving the programs from the input data
streams into the buffers of the splicer memory;

means for transmitting the programs from the buffers of
the splicer memory onto the network output as a data
stream; and

means for receiving a splice command to splice the
second program to the first program;

means for selecting a splice-in point of the first compo-
nent in the second program depending on the splice
command;

means for selecting a splice-out point of the first compo-
nent in the first program, which is approximately
aligned in the stream with the splice-in point of the first
component of the second program, and at which the
end-presentation time of the latest presented portion of
the first component of the first program after the
splice-out is equal or after the begin-presentation time
of the earliest presented portion of the first component
of the second program after the splice-in point so as to
provide a seamless splice;

means for splicing the first component of the first program
out at the selected splice-out point of the first compo-
nent and splicing the first component of the second
program in at the selected splice-in point of the first
component;

means for selecting a splice-in point for the second
component in the second program, at which the begin-
presentation time of a earliest presented portion of the
second component after the splice-in for the second
component is equal or after the end-presentation time
of the latest presented portion of the first component
before the splice-out point for the first component;

means for selecting a splice-out point for the second
component in the first program, at which the end-
presentation time for a latest presented portion of the
second component after the splice-out for the second
component is equal or before the begin-presentation
time for both: the earliest presented portion of the first
component after the splice-in point of the first compo-
nent; and the earliest presented portion of the second
component after the splice-in point of the second
component;

means for splicing the second component of the first
program out at the selected splice-out of the second
component and splicing the second component of the
second program in at the selected splice-in point of the
second component;

a decoder processing unit;

a decoder memory communicating with the decoder pro-
cessing unit, including one or more buffers of the
decoder memory;

one or more network inputs communicating with the
buffers in the decoder memory, for one or more input
data streams including either the first or second pro-
grams and including one or more other programs each
including a first media component of the same first
media and a second media component of the same
second media which is different than the first media,
each media component of each program having a
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multitude of splice-in points and splice-out points asso-
ciated with at least a relative begin-presentation time;

means for selecting less than all the programs from a
multitude of programs in a data stream;

at least one output for uncompressed data of the selected
programs, communicating with the memory;

means for receiving portions of the selected programs
from the input data streams into buffers;

means to read only portions of selected programs from the
buffers, to decode the read portions of the selected
programs, and to output uncompressed data into the
buffers; and

means for transmitting the programs from the buffers onto
the output as an uncompressed digital data stream.
37. A data stream of signals decodable in a physical
device, the stream having a first program spliced to a second
program in which:

a splice-out point in the stream for a first component in the
first program, with a position in the stream approxi-
mately aligned with a position in the stream of a
splice-in point of the first component of the second
program; and a begin-presentation time for the first
portion of the first component presented after the
splice-in of the first component is equal or later than an
end-presentation time for the last presented portion of
the first component before the splice-out of the first
component;

a splice-in point in the stream for a second component in
the second program at which the begin-presentation
time of a first presented portion of the second compo-
nent after the splice-in is equal or after an end-presen-
tation time of the latest presented portion of the first
component before the splice-out point of the first
component;

a splice-out point in the stream for the second component
in the first program, with a position in the stream
approximately aligned with the position in the stream
of the splice-in point of a second component of the
second program; and an end-presentation time of the
latest presented portion of the second component
before the splice-out is equal or before the begin-
presentation times of the earliest presented portions of
both: the first component after the splice-in of the first
component; and the second component after the splice-
in of the second component.

38. The stream of claim 37 in which:

the begin-presentation time for the earliest presented
portion of the second component after the splice-in for
the second component is equal or after the begin-
presentation time for the earliest presented portion of
the first component after the selected splice-in for the
first component;

the end-presentation time for the latest presented portion
of the second component before the splice-out is equal
or before the end-presentation time for the latest pre-
sented portion of the first component before the
selected splice-out for the first component;

portions of at least one of the components of the first and
second programs contain presentation time data from
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which a begin-presentation time and end-presentation
time for the portions can be derived and the time data
for the one component in the second program after the
splice-in point for the one component has been adjusted
to be consistent with the time data of the one compo-
nent in the first program;

at least one of the components of the first and second
programs contain a decode time data from which a
begin-decoding time can be derived and the decode
time data for the component in the second program
after the splice-in point for the one component has been
adjusted to be consistent with the decode times of the
one component in the first program;

the first and second programs include a program clock
reference and the program clock reference time in the
second program after the first splice-in of the second
program in the stream has been adjusted to be consis-
tent with the program clock reference in the first
program;

the first component is a video component and the second
component is an audio component;

video, audio or other component splice-out points are also
indicated in a packet for the respective component
immediately before the splice-out point by if PID=
PCR_PID, then setting PCR_flag=1; providing the
PCR value in the packet; and selecting a splice-out
point for the respective component includes searching
for such flag value;

video, audio, or other component splice-in points are also
indicated in a packet that follows a splice-in point for
a respective component by if PID=PCR_PID, then
setting PCR_flag=1 and providing a PCR value in the
header of the packet; and selecting a splice-in point for
the respective component includes searching for such
flag value;

one of the components of the same type of media in each
of the first and second programs includes only self
contained decodable frames which define a splice point
at both the point immediately before the beginning of
the first packet of the frame and the point immediately
after the end of the last packet of the frame, and all the
splice points for the component are both splice-in
points and also splice-out points;

multiple seamless video splice-in points and multiple
seamless video splice-out points are provided in each of
the first and second programs, the stream conforming to
a predetermined scheme so that with respect to other
streams conforming to the standard, splices between
the video seamless splice-in point and the video seam-
less splice-out points will always be seamless;

the frame rates for the first and second programs are
different and the splicer inserts a sequence_end_code in
the output stream between the last video picture of the
first program and the first video picture of the second
program in the stream;

the MPEG-2 group of pictures in presentation order, begin
with an I-frame, end with a P-frame, and contains
multiple B frames; and

the first and second programs include a third media
component which contains captions for the video pic-
tures.
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39. The encoder of claim 28 in which:

the ending delay at each video seamless splice-out point
is at least the period of one video picture less than the
startup delay for the program at each video seamless
splice-in point so that all the video seamless splice-out
points are seamless and all of the video seamless
splice-in points are seamless.

40. A multimedia data stream of signals decodable in a

physical device, the stream comprising:

a first multimedia program with a first component of
multiple packets of a first type of media and a second
component of multiple packets of a second different
media type;

multiple splice-in points and multiple splice-out points in
the first component, a plurality of the splice-in points
are each indicated in a respective next packet of the first
component following the splice-in point of the first
component.

41. The stream of claim 40, in which:

the indication is a program clock reference contained in
the first packet following each splice-in point;

the first component is a video component and the splice-in
points include splice-in points before each I-frame in
the video component.
42. A multimedia data stream of signals decodable in a
physical device, the stream comprising:

a first multimedia program with a first component of
multiple packets of a first type of media and a second
component of multiple packets of a second different
media type;

multiple splice-in points and multiple splice-out points in
the first component, a plurality of the splice-out points
are each indicated in a respective last packet of the first
component that precedes the splice-out point.

43. The stream of claim 42, in which:

the indication is a program clock reference contained in
the last packet proceeding each splice-out point;

the first component is a video component and the splice-
out points include splice-out points before each I-frame
and P-frame in the video component.
44. A pair of related multimedia data streams of signals
decodable in a physical device, the streams comprising:

each multimedia data stream including a video component
of multiple packets;

the video components including multiple seamless splice-
in points and multiple seamless splice-out points, each
video seamless splice-in point in one stream has a
corresponding video seamless splice-out point in the
other stream in approximately the same location; the
locations of the video seamless splice-in and video
seamless splice-out points being determinable;

at each video seamless splice-in point in the one stream,
an ending delay of the other stream at the correspond-
ing video seamless splice-out point is at least the period
of one video picture in the other stream less than the
startup delay for the video component in the one stream
at the video seamless splice-in point so that the one
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stream may be seamlessly spliced with the other stream
at all video seamless splice-in points of the pair of
streams.

45. The streams of claim 44, in which:

the streams are contained in the same signal at the input

to an MPEG splicer.

46. The stream of claim 26 embodied as an electromag-
netic signal decodable in at least one device that is adapted
to present audio and video material to a user.

47. The stream of claim 37 embodied as an electromag-
netic signal decodable in at least one device that is adapted
to present audio and video material to a user.

48. The stream of claim 40 embodied as an electromag-
netic signal decodable in at least one device that is adapted
to present audio and video material to a user.

49. The stream of claim 42 embodied as an electromag-
netic signal decodable in at least one device that is adapted
to present audio and video material to a user.

50. The streams of claim 44 embodied as electromagnetic
signals decodable in at least one device that is adapted to
present audio and video material to a user.

51. Aprogram data stream for controlling the operation of
a physical device, the program stream containing a first
program spliced to a second program, the program stream
comprising:
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multiple sequential portions of the program stream, each
sequential portion including portions of a first medium
component of the program stream and portions of a
second medium component of the program stream; the
portions of the program stream including:

a first portion of the program stream wherein all the
portions of the first media component are portions of
the first program and all the portions of the second
media component are portions of the first program;

a second portion of the program stream that immediately
follows the first portion of the program stream and
wherein all the portions of the first media component
are portions of the first program and all the portions of
the second media component are portions of the second
program; and

a third portion of the program stream that immediately
follows the second portion of the program stream and
wherein all the portions of a first media component are
portions of the second program and all the portions of
the second media component are portions of the second
program.



